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PREFACE

Latin America has been embroiled in debates about the appropriate nature of
social policy for decades. For many years, the need for public involvement in
financing or providing social services was justified for social reasons—fair-
ness, equity, human rights, or the advancement of culture. At the same time,
the view that social services could be seen as investments in human capital
was gaining currency in academic circles. In particular, research demonstrat-
ing the strong association between education and earnings provided backing
for the current emphasis on assuring that every child has access to a good
quality school. And the analysis of education and its economic impact have
revolutionized how we think about inequality, poverty, and social mobility.

Health is clearly important to human activity, and some would argue
that it is even more fundamental than education. Learning itself is an activ-
ity that is enhanced or inhibited by personal health. Yet research into the
economic impact on health has been relatively unknown until now. Pio-
neering studies by Frank T. Falkner, James M. Tanner, Richard H. Steckel,
and Robert W. Fogel have laid a foundation for recognizing the long-term
impact of health conditions on economic growth, but the difficulties of such
research cannot be underestimated. Unlike education, investments in health
occur throughout an individual’s lifetime. Furthermore, an individual’s health
is not primarily associated with one activity (like schooling) but with nu-
merous factors—environmental, behavioral, and genetic.

This Latin American Research Network book continues a series that
takes advantage of the large and growing capacity for policy relevant research
in our region. It combines new data available in Latin America with the latest
methodological advances to untangle the complex relationships between health
and income with the goal of enriching our understanding of how public policy
can improve health and human well-being. Uncovering evidence of the eco-
nomic impacts of health and its determinants will move us forward in the
continuing debates over social policy, and build a greater appreciation for the
important role health plays in the socioeconomic development of the region.

Ricardo Hausmann
Chief Economist
Inter-American Development Bank
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CHAPTER 1

Earnings and the Elusive
Dividends of Health

William D. Savedoff and T. Paul Schultz'

This chapter looks at the relationship between health and income. After dis-
cussing the general context of health improvements in Latin America during
the last few decades, the study elaborates on the interrelationships between the
physical and social determinants of health; the complexities that arise in at-
tributing earnings differentials to variations in health status; and the difficul-
ties of accurately measuring health status. It presents a methodology for
estimating the impact of health on earnings that addresses problems of mea-
surement error and endogeneity. It then summarizes the main findings of the
studies that appear in subsequent chapters. These studies show that health sta-
tus does have a significant, although modest, impact on earnings in four Latin
American countries. Furthermore, environmental conditions (such as housing
and sanitation) appear to have significant impacts on health status, compared
to health services and public health facilities, which show little influence. The
universally strong relationship between education and earnings is only mod-
estly reduced by the inclusion of health status despite a general expectation that
estimated returns to education were, in part, capturing the frequently unmea-
sured effects of health. By analyzing these relationships together—health deter-
minants and the impact of health on earnings—we can assess the magnitude
and importance of the human capital component of health status, validate and
compare a range of health indicators, and identify promising areas for public
policy to invest in health improvements.

' Dr. Williamn D. Savedoff is a Senior Economist with the Social Programs and Sustainable
Development Department of the Inter-American Development Bank. Dr. T. Paul Schultz is
Malcolm K. Brachman Professor of Economics and Demography at Yale University.
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Introduction

Common sense tells us that healthier people are more productive and that
wealthier people can obtain goods and services and shape their environ-
ments in ways that make them healthier. However the magnitude of these
causal relationships is largely unknown. Quantifying how health affects pro-
ductivity and how wealth affects health is a starting point for understanding
the role of health as a form of “human capital”—that is, as a characteristic
of individuals, like education, that can be increased and improved through
investing time and resources. In turn, understanding this aspect of human
capital is critical for evaluating the role public policy plays in encouraging
households, private firms, and public sector institutions to make efficient
investments in health.

Developing this understanding means grappling with several difficult
questions. What constitutes an “investment” in health? How is “health” to be
measured? How does health affect productivity and, in turn, yield higher
earnings? Is health a statistically significant and relatively substantial factor
in determining the earnings capacity of people? Or is it largely a “consump-
tion” good for which demand increases as people’s incomes rise?

To help answer these questions this book will focus on health invest-
ments, health outcomes, and labor productivity. It uses a common frame-
work to analyze these factors in several countries, and shows how
improvements in data and analysis might advance our understanding of
their interrelationships and lead to improved policy choices. At the core of
the book are a series of studies of health indicators, based on household
surveys in Latin America. Taken together, they shed light on which indica-
tors of personal health are most informative; how health varies across popu-
lations by differences in age, sex, education, and region of residence; and
how these health indicators are meaningfully related to wages or labor earn-
ings per hour worked.

This research agenda involves complex quantitative and qualitative is-
sues. On the one hand statistical inference must be used to interpret indi-
vidual indicators of health that are measured with considerable error and that
are possibly associated with other unobserved factors that affect wages, such
as biological, psychological, and economic endowments and motivations.

On the other hand, there are fundamental questions about the nature
and purposes of health that economists may feel uncomfortable in answer-
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ing. Should health be improved only to increase personal market incomes?
Surely not. But to the extent that measurements of health can be linked with
higher wages, then a statistically valid way will have been found to connect
health policy choices to improved health, increased income, and perhaps
reduced poverty and economic inequality. Increasing income opportunities
is one way to generate sustainable advances in well-being, but other benefits
of improved health should also be assessed and included in any global evalu-
ation of policy options.

Good Health Despite Relatively Slow Growth

A population’s health is arguably one of the best indicators of its level of
“development.” This premise is a basic element in efforts to find measures of
development other than those based on per capita income—whether it is
the UNDP’s Human Development Indicator (which includes life expect-
ancy) or the call by Amartya Sen (1998) for measuring human “capabilities”
that include health status.

For Latin America, the use of income to measure progress leads to the
conclusion that the region has developed relatively slowly. Latin America
has lagged behind world performance in income growth during the last few
decades—and performed poorly compared to the rapidly growing nations
of East Asia. Even when the yardstick shifts to measuring progress through
human capital investments in educational attainments, Latin America per-
forms well below the international pattern. In fact, the gap in educational
progress between Latin America and other regions appears to be growing.

By contrast, using health as a measure of progress would suggest that
Latin America has developed quite fast. In fact, Latin America’s health status
has improved remarkably during recent decades. The process of increasing
life expectancy that took as much as 150 years to accomplish in many Euro-
pean countries has swept much of Latin America in less than 50. Average life
expectancy in Latin America was only 58 years in 1962, and stands at just
over 70 years in the mid-1990s. Life expectancy increased largely due to re-
duced mortality rates among children and those over 45. Infant mortality
declined from almost 100 per 1,000 live births in the early 1960s to less than
30 in 1995. Currently 11 out of 22 Latin American countries report infant
mortality rates below 30 per 1,000 live births. Life expectancy in Latin
America is almost 10 percent below the rates enjoyed by the more devel-
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oped OECD countries; but after controlling for differences in income, the
gap disappears.’

It is important to qualify these gains in several ways. Most importantly,
these rates are national averages and do not necessarily reflect comparable gains
in all population groups—whether by sex, region, or ethnic group. In general,
health outcomes are significantly worse in rural areas and appear to be worse
among lower income groups as well.? A study in southern Brazil showed that
among children born with normal birth weight, the mortality rate is five times
higher in families with incomes below $50 per month than in families whose
incomes are more than $150 per month (Victoria et al., 1992). The infant
mortality rate in Peru is almost five times higher in the poorest than for the
uppermost quintile. Inequalities have also been documented in Guatemala,
where neonatal mortality per 1,000 live births is only 18 in urban areas, com-
pared to 29 in rural areas and 32 among the indigenous population.*

Despite these qualifications, great strides have been made and this
progress can be attributed to many different factors. Some people credit public
health policy—particularly the provision of sanitary infrastructure, potable
water, and immunization campaigns against infectious diseases such as small-
pox. Others point to rising income levels that allow individuals and families
to raise dietary intake and quality and obtain adequate shelter and clothing.
Another line of reasoning emphasizes the expansion of personal medical ser-
vices, particularly publicly financed social security and publicly dispensed
medical care targeted at the middle classes and the poor. Finally there are
those who focus on other social and cultural transformations associated with
changes in work, urbanization, status inequality, mobility, education, and
the environment.

All of these factors do appear to contribute to improvements in health
conditions, but the relationships are not always strong. Much of the world-

2 These are the findings by Piras and Savedoff (1999), based on a cross-country sample of 151
countries and using control variables that include income; availability of doctors, nurses, and
hospital beds; sanitation and potable water; geographic variables; and average caloric intake.
A variety of specifications were used, and as long as income was included, the regression would
explain most of Latin America’s “advantage” in life expectancy.

3 See Health Systems Inequalities and Poverty in Latin America and the Caribbean, PAHO/UNDP/
World Bank Equilac/THEP Project, forthcoming.

4 For data on Peru and Guatemala, see Health Systems Inequalities and Poverty in Latin America
and the Caribbean, PAHO/UNDP/World Bank Equilac/IHEP Project, forthcoming.
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wide decline in mortality rates preceded the introduction of public health
initiatives—and many of these were inadequately applied in Latin America.
Although income is closely related to rising health status, the region has
experienced entire decades of economic crisis (like the 1980s) without see-
ing a reversal in trend, or even a clear slowdown in the decline of mortality
rates. By some measures, notably child and infant mortality, the region
may not fare quite as well once adjustments are made for its income level
(Piras and Savedoff, 1999). Indeed some studies claim that income is itself
the key factor in explaining the differences in health conditions among
countries—which, in some ways, would reinstate income as a valid cross-
country measure of welfare and a proxy for health (Pritchett and Sum-
mers, 1996).

Personal medical services have clearly expanded since the 1950s, but
they account for little if any of the health improvements detected. Even so-
cial trends such as status inequality, mobility, and urbanization would ap-
pear to put Latin America at a significant disadvantage compared with the
rest of the world; yet the region performs close to the international average.®
Some have noted that the one exception among these trends is that Latin
America has invested relatively more in girls’ schooling than have other de-
veloping regions. Since women’s educational attainment is strongly corre-
lated with reduced child and adult mortality rates, this may be a powerful
factor in accounting for the continued health improvement in Latin America
despite income growth stagnation and a slowing pace of average educational
improvements during the 1980s (Schultz, 1995a).

Understanding Latin America’s performance in health status is very
difficult because the determinants of health are not well documented. This
is partly due to problems in collecting data on health conditions and partly
due to lack of agreement about which health indicators are most accurate
and useful for analytical purposes. One rarely used way to evaluate health
indicators is to test them against other observable effects of health status.
The studies conducted for this book take advantage of extensive data on
individual earnings to see if it is possible to document relationships between
health status (measured imperfectly by several different indicators) and earn-
ings. Because we believe that healthier people are likely to be more produc-

® For a recent discussion of Latin America’s high levels of inequality, see Inter-American De-
velopment Bank (1998).
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tive and therefore, on average, better remunerated in their employment, it
should be possible to validate or qualify the various yardsticks for health.

Additionally, this approach may offer insight into the indirect benefits
of health. In a sense, it tells us how much health is “worth” in the market.
Although this does not change our fundamental interest in improving health
conditions, regardless of market valuation, it does provide more knowledge
about health’s impact on other aspects of individual and social life.

Understanding Health as a Form of “Human Capital”

The notion of “human capital” emerged in the economic literature in the
1960s as recognition grew that many improvements in human capacities are
due to investments of time and resources. This concept led to the develop-
ment of theories and testable hypotheses to better understand choices made
by individuals and their families regarding education, labor force participa-
tion, health, fertility, and many other aspects of behavior. The concept of
human capital does not imply that genetic, cultural, ethnic, or social factors
do not influence behaviors. Rather it introduces a way of understanding an
additional dimension of human capacities by drawing attention to those
elements of our capacities that we, as individuals, can influence through our
choices and behavior. The key aspects of human capital are that the invest-
ments involved affect human capacities over a reasonably long time frame
and that people make choices regarding these investments in relation to the
expected future returns of those “investments,” among other things.

In the specific case of health, two questions arise. First, what is the
effect of a change in health status on the productive capabilities of an indi-
vidual? Second, what individual, family, and community characteristics ef-
fect changes in health status? Answering the latter question, in particular,
requires focusing primarily on characteristics that are malleable. This focus
has two sources: the need to know which policies can improve health, and
awareness that it is impossible to properly measure the impact of health on
earnings without recognizing that individuals make choices about health
investments based on their expectations of how health affects their life op-
portunities. With answers to these two questions, it becomes possible to as-
sess the resource costs of modifying those conditions that will improve health,
and to calculate the internal rate of return on those outlays as a human
capital investment.
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To evaluate the returns to health human capital involves many of the
same problems that have occupied economists for some time in estimating
the returns to schooling. There are, however, a few added complications.
First, there is no immediately obvious metric for individual health status. By
contrast, there is some agreement that “years of schooling completed by a
worker” is a reasonable first approximation for the physical units of educa-
tion, although the equivalence may be further refined to include various
qualitative dimensions of the education being measured (Becker, 1964;
Mincer, 1974). There is no comparable consensus about how one can mea-
sure the stock of health as human capital. For an aggregate population for
which age-specific mortality can be estimated, “life expectancy at birth” (or
from some other age) has the appeal of a demographic summary measure
of expected survival within the physical limits of life. Such a measure can
also be refined by other qualitative aspects of life that people value, for in-
stance the timespan that is disability-free. However, there is no comparable
summary measure at the individual level for attributing to a given person an
“expected lifetime.”

The second complication—measurement error—is shared with school-
ing, but may be more serious in the case of health. If there is little consensus
on how to measure individual health status, and most measures considered
involve self-reporting by a survey respondent, it seems likely that the range
of error in recording a truly latent variable will be more substantial for health
status than for completed years of schooling.

The third complication is the difficulty of assigning weights to the in-
herited, environmental, and behavioral factors that affect health outcomes.
Health human capital (H) can be considered as an outcome of an individual’s
genetic endowment (Hg), and his or her behaviorally and environmentally
determined accumulation of health (Hb). Difficulties arise because the two
sources of variation are not only determined by different factors, they may
also exert different effects on labor productivity. The productive benefit of
the socially accumulated Hb is usually the more relevant variable in evaluat-
ing policy interventions to improve health.® If the stock of educational capi-
tal were measured not by school years completed but by achievement tests,

8 We set aside here the question of technologies that may be available to modify genetic poten-
tial. Nor do we consider public policies that promote eugenics, or selective reproduction—
most notoriously in nationalistic programs that seek so-called “racial purity.”
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then the same dichotomy between genetic potential and acquired abilities
would arise and make it necessary to decompose the effects. The fact that
years of education has become a commonly accepted measure of human
capital is due to the regularly observed correlation it has with earnings, al-
though educators continue to grapple with finding measurements to differ-
entiate the effectiveness of various forms of pedagogy in terms of their
“learning outcomes.”

In sum, health presents serious problems for measurement at the in-
dividual level through surveys. It presents more serious problems for analy-
sis because of measurement error. Finally, for the purposes of both policy
and analysis, it needs to be decomposed explicitly into two functionally dif-
ferent components of health capital: a genetic endowment and a socially
acquired set of assets and liabilities.

What insights can be gleaned from the literature on health econom-
ics? First, it has been emphasized that the health heterogeneity of individu-
als can bias direct estimation of health production functions (h) that seek to
characterize the technological relationship between health inputs () and
health outcomes (H) and residual variation (e,) (Rosenzweig and Schultz,
1983). It is reasonable to expect that individuals, their families, and perhaps
their medical advisors will know more about the severity of illness or the
frailty of the individual (g) than does the social analyst trying to account for
health outcomes. The health production function can thus be described,
where g and e, are unobserved:

H=h(1,g,el). f1.1]

Consequently, the demand for medical care and other health-related
inputs (I) may be modified through a function (d) that has the following
elements: the private knowledge of the individual, family, and medical sys-
tem (g); other demand-limiting factors (X), such as health input prices,
household income, etc.; and another error, or residual, variation (e,).

I=d(X,g,e2 ) [1.2]
For example, individuals who are ill will seek out medical care, intro-

ducing a negative partial correlation in function () between demand for
curative health inputs (I) and good health (H), rather than the positive cor-
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relation that is expected because people who receive preventive care are less
likely to be ill. If the unobserved part of an individual’s initial health hetero-
geneity is subsumed in the error in the health production function, this er-
ror is likely to be correlated with the observed use of health inputs, imparting
an omitted variable (or simultaneous equation) bias to the health produc-
tion function when the latter is estimated by single-equation methods such
as Ordinary Least Squares (OLS).

A solution to this health heterogeneity problem is to treat the health
inputs as endogenous or behaviorally controlled, and employ instrumental
variables (X), such as the local variation in prices or access to health inputs,
as natural instrumental variables to predict the health input demands. One
can then estimate without bias the health production function by two-stage
methods (Rosenzweig and Schultz, 1983). Assuming that the input prices
and access are not correlated with individual health heterogeneity, and that
the price and access variables explain a statistically significant share of the
variation in input demand, these instrumental variable estimates of the health
production technology are consistent and have desirable properties (Bound
et al., 1995).

In trying to evaluate how health human capital affects wages or labor
productivity, an analogous problem arises. Assume that outcomes of health
human capital can be decomposed into two components: Hb, which is ex-
plained by the technological effect of socially controlled inputs responding
to exogenous constraints {(X); and a remainder (Hg) that subsumes genetic
heterogeneity, differences in preferences, other unexplained factors, and speci-
fication and stochastic errors from both the production and input demand
equations (Schultz, 1996):

H=Hb(X)+Hg(g,el,e2 ) (1.3]

Only the first component can be viewed as a form of reproducible
human capital, derived from predicting the health outcome from the fitted
reduced form for health that embodies both the health production function
and the health input demand equations. If the goal is to evaluate how this
overall health human capital affects productivity, it is necessary to predict
from the reduced-form health function, and use only this predicted health
component in the wage equation as a human capital variable that is
uncorrelated with health heterogeneity. Following the health production
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function literature, the appropriate instruments for predicting the human
capital component in the health outcome would include variables such as
the local price of health inputs and access to health care for individuals, and
the presence of community institutions/investments that affect exposure to
disease and adequacy of treatment when ill. It is also arguable that house-
hold or family wealth will increase the individual’s receipt of health inputs
and care, and thus contribute to health human capital (Schultz and Tansel,
1997).

Each of the seven studies in this book extracts from available data
sources certain instruments on which to base prediction of the behaviorally
controlled variation in health human capital. Just as social scientists peren-
nially struggle to decompose variation in achievement due to nature (genet-
ics) and nurture (human capital), this book offers no entirely satisfactory
method for resolving the riddle. In all seven studies, some genetic variation
in health will be correlated with household income, price, and community
variables and thus be embedded in the predicted health outcome. Thus the
instrumental variable estimates of the effect of health capital on wages will
contain some unavoidable portion of the genetic health effect, in addition
to the socially induced variation in health related to the individual and com-
munity instrumental variables.”

Labor productivity, approximated by the hourly wage rate, is then fit-
ted to variation in individual human capital stocks, where health human
capital (Hb) is only the variation in health status that is accounted for by the
instrumental variable, and hence uncorrelated with e, and e,, which is desir-
able because these production and demand errors are likely to be correlated
with e, due to omitted variables in the wage function and other sources of
simultaneous equation bias:

"Hausman (1978) specification tests could be performed to determine whether the health
human capital variable appears to be exogenous (or endogenous) in the wage function, which
is analogous to testing whether the human capital and residual health components have sta-
tistically the same coefficient in the wage equation. Endogeneity of the health human capital
variable in the wage equation would be confirmed if the behavioral and genetic/residual com-
ponents of the health human capital variable received significantly different coefficients in
the wage equation. These tests are likely to differ not only as the choice of instruments varies
but also as the indicators of health are changed. In some health measures, such as height, the
genetic component appears to account for most of the variable’s variation, whereas self-re-
ported categorical or disability measures of health are more readily explained by individual/
family/community instrumental variables.
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W =w(Hb(X)E.Ze;,) (1.4]

In this equation, W is the logarithm of the hourly wage rate; w is the wage
function; E is education; Z represents other observed factors affecting the
wage that are not behaviorally determined; and e, is the error in the wage
equation.

This instrumental variable approach to estimating the effect of health
human capital on the wage function has the additional benefit of correcting
for the measurement error in the health indicators, a problem that is poten-
tially more serious in the case of health than education.® The empirical speci-
fication of this model for estimating the effects of health human capital on
productivity involve the choice of the health indicator variable (H), the speci-
fication of the instrumental variables (X) that account for the health indica-
tor but are not otherwise related to the wage rate or other household choice
variables, and the additional control variables (Z) included in the wage equa-
tion. Some studies are based on surveys that provide information on com-
munity characteristics that are candidates for inclusion in X or Z. Most
household surveys ask respondents their municipality or place of residence.
Thus sample clusters can be aggregated from individual responses to other
questions so as to draw conclusions about specific community characteris-
tics such as the average distance from a household to the nearest clinic for all
observations in the sample, whether they have reported using those services
or not. In other instances, government records on the climate, geography,
and infrastructure of each sample cluster community can be merged with
results from the individual survey respondents who reside there to provide
additional contextual information that may be relevant for local health and
labor markets. This estimation approach presumes that place of residence is
not related to average health heterogeneity, to individual preferences that
affect a person’s health, to migration decisions, to the location of health and
other service infrastructure, and other relevant individual or community
choices and actions (Rosenzweig and Wolpin, 1986; Schultz, 1988).

The sample of wage earners is also interpreted as being representa-
tive of all people who could make investments in health, education, etc. In

8 However if the measurement error in health is not of the classical form (that is, uncorrelated
with other explanatory variables in the wage function), then the estimation problem may not
be completely resolved by this instrumental variable estimation strategy.
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reality the subsample of wage earners may be selected for characteristics
that are related to the unexplained variation in health and wages. Where
possible, the studies assess whether standard methods for dealing with
sample selection bias shed any light on this potential problem, and it fortu-
nately appears in these cases not to be a serious source of bias. To imple-
ment these methods, however, it is generally necessary to specify some
exclusion restriction that implies certain variables significantly affect who
is selected into the sample of wage earners, but this selection variable should
not affect the wages they are offered. This identifying variable, which is
excluded from the wage function, presumably affects only the reservation
wage or the value of time in activities other than wage employment. It is
also generally assumed that the sample selection equation has a specific
functional form, such as the standard normally distributed error that can
be modeled as a probit and estimated jointly with the wage equation by
maximum likelihood methods.

Study Findings

The main finding of these studies on health and productivity is that healthier
people receive higher wages. Though the effect of health on wages varies in
magnitude depending on the health measure used in the analysis, it is gen-
erally significant when estimated by instrumental variable methods, even
after controlling for selected individual and community characteristics and
for some job attributes as well. The studies provide evidence that public
health services and community conditions, as well as private health inputs
and reduced exposure to disease, are associated positively with the health of
adults and also with greater individual income-generating capacity. It dem-
onstrates that, as elusive as it may appear, we do have measures that can
represent the human capital dimension of health.

Distinguishing Ways to Measure Health

What does “good health” mean? The term is decidedly relative—depending
on the era in which the question is asked and the society that frames the
question. Sometimes the definition is so nebulous it is little more than a
dimly defined perception of potential fitness. Often it seems best to fit health
into that singular category of abstract concepts that are impossible to mea-
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sure but about which one can say, “I know it when [ see it.” Unfortunately
our poor understanding of what determines health and its effects is, in large
part, a direct consequence of difficulties in measuring both. As previously
discussed, no consensus singles out one variable that best aggregates the
diverse dimensions of health in a feasible indicator at the individual level.
There is nothing that could function for health in the same way “completed
years of schooling” serves as a proxy for a range of educational outcomes in
the fields of labor and education studies.

Measures of health status can be broadly divided into four categories:
relative assessment of health status, self-reported morbidity, functional limi-
tations, and health and nutritional outcomes. These indicators can be de-
rived from surveys in which respondents are asked to rank themselves relative
to some ideal sense of “good health” or relative to others in their commu-
nity, or asked about specific symptoms, the number of days ill in some refer-
ence period, functional limitations, height, or weight. Observed measures
range from the official registration of mortality and formal epidemiological
surveillance data, to surveys in which individuals are tested for vital signs,
symptoms, functional limitations, or size (height and body mass).? Tables
1.1 and 1.2 provide an overview of the case studies that follow and summa-
rize the health indicators that they use.

In studies that use self-assessment indicators, respondents are asked
to compare their health to others in society or in their age group. This mea-
sure has two main problems. First, there is no clear benchmark of similar
health for others or for the respondent’s age group. Thus the respondent
may rely on knowledge of the health status of other persons in his/her neigh-
borhood or socioeconomic class, rather than apply a common standard
embracing the entire survey population. Second, any self-reported health
status could reflect experiential conditioning and perceptions that are po-
tentially correlated with socioeconomic behaviors and outcomes, rather than
quantify only the individual’s actual condition. Nonetheless these general
indicators of health status have been shown to be significantly related to
subsequent morbidity and mortality of the individual, and have been used
in evaluating the National Health Experiment in the United States (Man-
ning et al., 1982).

% For discussion of alternative measures see Murray et al. (1992) regarding adult mortality in
developing countries.
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Table 1.1 Summary of Case Studies

Sample Health
Chapter Author Country Year  Survey Coverage Variable(s)
2 Knaul Mexico 1995 ENPF Women Age at
aged 15-54 menarche
3 Parker Mexico 1994  ENMV Ages 60-79 Disabled, disabled

days, self-reported
relative health status,
functional limitations

(ADLs)

4 Ribero Colombia 1993  CASEN Ages 18-70 Disabled, days
and Nufez disabled
Ribero Colombia 1991 ENH Urban area Adult height
and Nufiez ages 18-60

5 Murrugarra  Peru 1994  PLSMS Urban area Il and days ill
and Valdivia ages 16-60

6 Cortez Peru 1995  ENAHO  Ages 18-70 Il and days ill

7 Espinosa Nicaragua 1993  ENV Ages 18-65 [l and days ill

and Hernandez

Note: For more details, see the specific study in subsequent chapters.

The second group of indicators is based on asking respondents about
illnesses or disability in some retrospective period (which can range from 14
days to 180 days, depending on the survey). These questions sometimes sim-
ply ask whether or not the respondent was ill or injured. Sometimes the
survey probes further, asking about the number of days ill or whether the
person was sufficiently ill to be disabled (i.e., unable to engage in his/her
regular activity) during the reference period. Questions of this nature are
included in many labor force and household general surveys, and have not
been subjected to much analysis as an indicator of acute or chronic health
status, perhaps because they are viewed as subjective. It has been hypoth-
esized that reports of days lost to disability among wage earners may be a
more reliable indicator of health because the illness must be sufficiently se-
vere to forego wage-earning activities, setting a threshold from which to in-
fer the severity of the illness {Schultz and Tansel, 1997).
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Table 1.2 Summary of the Main Health Status Variables Used
in the Case Studies

Country (Year) Variable Definition

Mexico (1995) Age at menarche  Age (year and month) of first menstruation

Mexico (1994) ADL The sum (from 0 to 4) of being able to carry out basic
activities (walking up stairs, walking more than 30 m,
carrying a heavy object, and doing light domestic tasks)

Mexico (1994) Disability A binary variable distinguishing people who reported
being sick, injured, or hospitalized in the previous 180
days

Mexico (1994) Self-reported Ordinal indicators (on scale of 1 to 5) in response to

health status guestions regarding the respondent’s own health, and

own health compared to others of a similar age
Colombia (1991) Height Adult height measured in centimeters

Colombia (1993)  Disability Individuals who due to illness or injury were unable to
work at some time during the month before the survey

Peru (1994) Days ill Number of days of reported illness or injury {(including
those not necessarily severe enough to miss a workday)
during the four weeks prior to the survey

Peru (1995) Days ill Number of days of reported illness (including those not
necessarily severe enough to miss a workday) during the
15 days prior to the survey

Nicaragua (1993) Days il Number of days of reported iliness or injury (including
those not necessarily severe enough to miss a workday)
in the month prior to the survey.

Note: For more details, see the specific study in subsequent chapters.

This kind of self-reported statement regarding whether or not the re-
spondent was ill in recent weeks was the most common indicator used in
the case studies. This includes the living-standard measurement surveys in
Peru for 1994 (Murrugarra and Valdivia) and Nicaragua for 1993 (Espinosa
and Herndndez), the 1993 CASEN survey in Colombia (Ribero and Nuiiez),
and the 1995 National Household Survey (ENAHO) in Peru (Cortez). In
Mexico (Parker), using the 1994 National Mexican Aging Survey, these ques-
tions were also asked, but only the dichotomous part of the question was
used and the recall period was significantly longer (180 days). By contrast,
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the ENAHO survey in Peru uses a recall period of only two weeks. The Co-
lombian study focused on days disabled (i.e., that the individual was unable
to go to work). In Ghana and Céte D’Ivoire, similar studies have used com-
parable indicators of days ill or days disabled (Schultz, 1996; Schultz and
Tansel, 1997). As discussed in detail below, the number of people who re-
spond that they were unable to work due to illness is generally one-half to
one-third as many as those who report having been ill.

This indicator is not perfect. It is subject to recall error, and the defini-
tion of what it means to be ill may vary culturally and according to personal
disposition. But it is no accident that this indicator is favored by studies
investigating the relationship between health and income. The evidence nec-
essary to link health and income is difficult to find because health surveys,
rich in health indicators, rarely collect data on income or wealth; while la-
bor and household surveys rarely collect more than a few health-related in-
dicators. Self-reported days of illness are fairly easy to incorporate in the
labor and household surveys, and so these have become the de facto choice
of health indicator for these kinds of studies.’0

The number of days ill appears to be a reasonable measure of poor
health. It varies systematically with age, gender, income, and education. In-
dividuals who were older, less educated, and poorer generally reported more
incidents and days of illness in these studies (see Tables 1.3, 1.4, and 1.5). In
general, more women reported being ill in the four weeks prior to the sur-
vey than did men; but of those who reported illnesses, women tended to
report fewer days of illness than did men. Most of the studies noted how
skewed this measure was—large shares of the population report no illness
at all, making it difficult to distinguish degrees of health status among them.
For illnesses lasting more than three or four days, there is a “lumping” of
answers around discrete numbers of weeks. And finally, there is a truncation
at 30 days, which in some cases is quite significant. Cortez deals with these
problems by using a transformation of the days-ill variable (H = 1/(1+D))
that varies from 1 for those who report no days of illness, and approaches 0

' When researchers want to use data sets that are richer in health indicators to look at socio-
economic interrelationships, they are reduced to using imperfect proxies such as occupations
(e.g., Davey Smith et al., 1990) or place of residence (Phillimore et al., 1994), or to construct-
ing wealth indicators from other variables using DHS (Bonilla-Chacin and Hammer, 1999;
and Montgomery et al., 1997).
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Table 1.3 Morbidity Indicators by Sex and Age
(percentage ill at any time during reference period)

] Country, period, and indicator
Colombia (1993) Peru (1995) Peru (1994) Nicaragua (1993)

Age Prior month Prior 15 days  Prior 4 weeks Prior month
groups Unable to work 1l Ill or accident Il or accident
Men
18-24 5.0 1.7 17.0 12.8
25-34 52 20.1 220 18.6
35-44 59 22.7 26.0 209
45-59 7.0 284 30.0 28.3
60-70 12.1 379 35.0 36.7

All 6.2 23.2 290 20.2

18-24 6.2 215 22.0 14.7

25-34 6.1 27.3 26.0 20.6
35-44 7.6 32.3 31.0 27.4
45-59 79 38.8 41.0 339
60-70 9.8 47.7 42.0 431
All 7.0 30.8 32.0 24.1

as D approaches infinity.!! Murrugarra and Valdivia address the problem of
truncation by using a two-limit tobit model to extract the predicted latent
health variable. Schultz and Tansel (1997) fit a quadratic approximation to
the number of days disabled.

The days-ill variable tended to be correlated with other health mea-
sures. In general, the higher threshold implied by whether or not the re-
spondent was able to work reduces the number of reported events to between
one-half and one-third of those reporting any illness. Murrugarra and

11 Of course since the question asks only about the last 30 days, the minimum value for IT is
0.034. The transformation is only an approximation to the problem of truncation bias since
the respondent does not indicate when the illness started (it could have been earlier) or whether
the illness is continuing at the time of the survey.
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Table 1.4 Morbidity Indicators by Sex and Education
(percentage ill at any time during reference period)

Country, period, and indicator

Colombia (1993) Peru(1994) Nicaragua (1993)
Prior month Prior 4 weeks ~ Prior month
Education Unable to work Il or accident Il or accident
R
0 years 8.0 37.0 n.a
1-6 years 6.5 32.0 388
7-12 years 6.1 20.0 19.6
13+ years 2.4 20.0 17.7
All 6.2 24.0 33.3
Women
0 years 9.1 42.0 —
1-6 years 1.6 36.0 431
7-12 years 6.2 24.0 226
13+ years 6.6 25.0 19.1

Al 7.0 30.0 35.8

Valdivia in Peru found that approximately 28 percent of the sample reported
being ill, but only 10 percent reported being disabled. Ribero and Nuifiez in
Colombia found that about 15 percent reported being ill, but only a little
more than 6 percent reported being disabled. It is interesting to note that, in
this latter case, men reported being ill less than women (13 percent versus
18 percent), but a higher portion of men than women who reported being
ill were unable to work {47 percent versus 37 percent). Schultz and Tansel
(1997) also find that disability was reported about half as much as illness in
two West African countries. Ribero and Nuiiez also estimated the effect of
both days ill and days disabled on earnings and found that they yield similar
results. For elderly Mexicans, Parker calculates that disabled days are signifi-
cantly correlated with the number of functional limitations, and inversely
correlated with questions about the respondent’s health status relative to
others their own age.
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Table 1.5 Morbidity by Quintiles of Individual Hourly Earnings
{percentage ill at any time during reference period)

Country, period, and indicator

Colombia (1993) Peru (1995)
Prior month Prior 15 days
Income Quintile Unable to work ]
Men
4.6 29.0
2 5.2 21.4
49 20
4 5.6 214
5 4.7 9.3
1 6.4 35.1
2 8.4 29.5
7.7 28.0
4 5.6 25.7
5 6.8 28.3

A third group of health indicators is related to functional limitations
that the individual experiences in Activities of Daily Living (ADLs). These
indicators can be tabulated by observation, or through self-reported answers
to specific questions. In contrast to self-reported general health status, or
incidences of illness or days disabled, the number of functional limitations
appears to be more concrete and less subjective; and the focused form of the
questions even permits the interviewer to validate partially the response. It is
argued, therefore, that health indicators based on functional limitations in
performing daily tasks tend to be less correlated with socioeconomic endow-
ments, conditioning factors, and perceptions, and are thus less likely to be
biased by subjective factors (Strauss et al., 1995). ADLs appear to represent
an adequate continuum of health states among the elderly, for whom physi-
cal limitations on everyday activities are commonplace, and have been shown
to replicate clinical health status reliably in high-income populations (Stewart
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and Ware, 1992). How well indicators of functional limitations differentiate
health status among the nonelderly is more uncertain because of infrequent
incidence in most younger populations. Yet ADLs remain promising health
status indicators because they can be readily collected in surveys while re-
ducing the subjective bias that dilutes other measures of adult health status.

In the study by Parker, the number of ADLs that can be performed
with difficulty or cannot be performed at all was derived from responses to
questions related to the respondent’s ability to walk upstairs, walk 300 meters,
carry a heavy object, and engage in light domestic tasks. Parker validates this
measure against self-assessed health measures and demonstrates that it is a
significant determinant of earnings after controlling for other factors.

The final category of indicators includes measures of health and nu-
trition outcomes. Such outcomes as height and menarcheal age result from
a complex accumulation of nutritional inputs and health care, offset by ex-
posure to infectious disease, and modified by the burden of work activities
that combine to influence human physical growth (Faulkner and Tanner,
1986; Fogel, 1994). Nutrition and a healthy environment appear to be criti-
calin the rate of uterine and early childhood development, while conditions
in adolescence may further modify the outcome when physical growth briefly
accelerates during puberty. Adult height is an indicator that is commonly
used to measure those aspects of childhood nutritional and health status
that have lifetime consequences on an individual’s health and physical and
mental capacities (Fogel, 1994; Thomas and Strauss, 1997). Age at menarche
is another indicator of physical growth that is affected by improvements in
nutrition and health, but it has never been studied previously as an indica-
tor of health human capital. Although these health outcome indicators are
thought to reflect childhood conditions, they have also been linked to acute
and chronic health problems among adults and to levels of physical func-
tioning among the elderly (Costa, 1996).

In the chapter on Colombia, Ribero and Nufiez analyze data for height
among urban adults and confirm findings in other countries that height is
increasing systematically over time and that it is consistently correlated with
higher earnings. Furthermore, by analyzing “height” and “disabled days,”
this chapter suggests that the former is a more robust indicator of health
since it is more consistently and strongly associated with earnings.

Knaul has broken new ground by utilizing an unusual measure of
health: women’s age at menarche, or the onset of first menstruation. His-
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torical evidence shows that menarche has been declining steadily in most
high-income countries, and studies have related this decline to improved
nutrition and health in childhood. It appears that this measure, like height,
is a useful marker for the level of health attained in childhood—a “stock”
that could possibly affect later risk of morbidity and mortality as well as
productivity.

Health Affects Income

Using these varied measures of health status and morbidity, all of the stud-
ies find some association between health and wages. This impact varies in
magnitude and reliability depending on the health measure used for analy-
sis, the particular sample, and the range of instrumental and control vari-
ables that are employed (see Tables 1.6 and 1.7).

Despite the problems of endogeneity and measurement discussed pre-
viously, there are some variables that appear to be significantly related to
wages, even in a simple regression without using instrumental variable tech-
niques. An individual’s height was a statistically significant predictor of earn-
ings in the Colombian study, even after controlling for education and other
personal characteristics and even without using instrumental variables. When
elderly Mexicans ranked their health relative to others their own age, this
measure was also significant in a simple wage equation. The rest of the health
variables were not significant at the 10 percent level, with the exception of
days ill in the Peruvian ENAHO survey (see Chapter 6). Either health has
little impact on productivity, or the endogeneity and measurement prob-
lems associated with these health indicators are generally quite serious.

The results of applying a two-stage analysis to these problems demon-
strate that health does have an impact on earnings after all. For the most
part, health indicators that were not significant in single-stage regression
were significant after endogeneity and measurement errors were corrected
through the use of instrumental variable techniques. Furthermore, the mag-
nitude of impacts estimated for most health indicators increased with the
two-stage estimation procedure.

Earnings are lower for people who are predicted to be ill, and are sys-
tematically lower for those who are expected to be ill longer. The magni-
tudes, however, vary widely—between 1 percent and 58 percent. For the
most part, an additional day ill was associated with a decline of between 1
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Table 1.6 Estimated Impact of lliness on Hourly Earnings (with and without
instrumental variables)

Ill or Disabled Days il Ill or Disabled Days Il
Country (year) with  without with without | with without with without

T
i

.

Peru (1995) -0.93*** —0.09*** -3.46*** -0.09*
(4.7%) (14.2%)
Peru (1994) -1.21** n.s.
(1.2%)
Colombia (1993) —0.28**~ n.s. n.s. n.s. -0.41*** ns. -329*** ns,
(28%) (41%) (32%)
Mexico (1994) -3.29** ns. -3.29*** ns,
(96%) (96%)
Nicaragua (1993) 0.16* n.s. n.s. ns.

(16%)

Peru (1995) —1.06%** —0.07***| —2.25%** 015
(3.4%) (6.2%)

Peru (1994) —2.41** ns.
(2.4%)

Colombia (1993) -0.14* n.s. ns n.s. -0.19* ns, =13.5*** ns

(14%) (19%) (13%)
Mexico (1994) ns. n.s. ns. n.s
Nicaragua (1993) ns. ~0.02* n.s. n.s.
(2%)

Notes: For definitions of variables, see Table 1.2; Mexico (1994) is a combined rural and urban sample;
Nicaragua (1993) had significant coefficients in combined samples, but not when the sample was
disaggregated by sex and area; Peru (1995) coefficients are listed as negative here for comparability even
though the estimates in Chapter 6 are positive, due to the reciprocal transformation of the dependent
variable; (n.s.) means not statistically significant; blanks indicate that the dependent variable or particular
sample was not used. Numbers in parentheses represent the percentage effect calculated from the
coefficient in the log-linear specification.

* Significant at 10% level.
** Significant at 5% level.
*** Significant at 1% level.

n.s. Not significant at the 5% level.
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Table 1.7 Health Impact on Hourly Earnings by Indicator (with and without
instrumental variables)

Men Women
Indicator With Without With Without
Height in Colombia 7.9%%* 0.72%** 6.8%** 0.48***
(1991) (7.9%) (6.8%)
Age at menarche -0.26%** n.s
in Mexico (1995) (26%)
ADLs in Mexico —-0.86*** n.s. n.s. n.s.

(1994) (58%)

Notes: For definitions of variables, see Table 1.2; {n.s.) means not statistically significant; blanks indicate
that the dependent variable or particular sample was not used; numbers in parentheses represent the
percentage effect calculated from the coefficient in the log-linear specification.

*x* Significant at 1% level.

n.s. Not significant at the 5% level.

percent and 4 percent in hourly earnings. This was found to be the case in
both Peruvian studies and in Colombia. The largest impact was found for
elderly Mexicans, men over 65 years old, for whom an additional day ill was
associated with a 58 percent decline in earnings. Although this may be over-
estimated, it plausibly suggests that health status may have a stronger effect
on productivity and earnings potential as individuals age, a conclusion sup-
ported by Murrugara and Valdivia in Peru.

The studies that looked at whether or not an individual reported any
illness also showed an impact on productivity. Ribero and Nuiiez found that
having been sick in the last month decreases the earnings of men by 28 per-
cent and women by 14 percent in urban areas, while the effect was larger in
rural areas—41 percent and 19 percent, respectively. Parker provides evi-
dence that being ill reduces the wages of elderly men by at least 40 percent.

For the two physical growth measures of health “stock,” the instru-
mental estimates were also quite significant. Knaul presents evidence that a
one-month increase in a woman’s age at menarche is associated with a wage
decline of 2.3 percent; while Ribero shows that each additional centimeter
of height increases urban male earnings by 8 percent and urban female earn-
ings by about 7 percent.



24 WILLIAM D. SAVEDOFF AND T. PAUL SCHULTZ

Health and Education: Is There Synergy?

It has long been suspected that the returns associated with education, docu-
mented in virtually every household survey, may be overestimated as a result
of being positively correlated with other socioeconomic factors that might
raise earnings. Among the omitted variables that can lead to bias is health.

Although the studies in this book do confirm that educational returns
may be somewhat inflated when there is a failure to control for health status,
the magnitude of this effect appears to be modest. An individual’s schooling
is widely observed to be associated with improved health indicators (Knaul,
Parker, and Espinosa and Herndndez), and most of the studies find that
wage returns to schooling are smaller when health variables are included in
the estimated wage function (see Table 1.8). In general, a year of additional
completed schooling was associated with 5 percent to 20 percent higher wages
when health was ignored, and this estimated private return to schooling
declined by less than a tenth when controls were included for health human
capital. Thus, although all the studies suggest improvements in health have
contributed to the substantial gains in labor productivity in Latin America,
controlling for health indicators does not markedly weaken the estimated
role in the region of schooling as a stimulant to growth.

In addition to potentially misattributing the measures of returns to
education, there is evidence that health and education may interact in im-
portant ways—making a joint impact greater than the sum of their separate
contributions. For example, specific studies have argued that healthier chil-
dren benefit more from schooling, are more likely to remain in school, and
are more likely to reach higher levels of schooling than those who are less
healthy.!? A few of the studies in this book sought evidence for this
complementarity by introducing interaction terms between health and edu-
cation, but the results were not always significant or conclusive. The stron-
gest results appear in the study by Cortez, in which he found positive and
significant effects on wages from an interaction of health and education in
his sample of male workers. However in the female sample, the interaction
term was not significant. In Knaul, the interaction of the health indicator
and education also had a positive impact on wages, although this result was

12 See for example Moock and Leslie (1986) and Glewwe and Jacoby (1992).
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Table 1.8 Returns to Education with and without Controls for Health

With
No Health With Health Instrumented
Study Health Variable Variable Variable  Health Variable

Colombia (1993) Days disabled 8.5% 8.5% 8.4%

Colombia (1991) Height 9.8% 9.5% 9.1%
Mexico (1994) Days ill 1.7% 6.8%
Mexico (1994) ADLs 11.9% 10.2%
Nicaragua (1993) Days ill 8.6% 8.6% 8.5%
Peru (1994) Days ill 8.0% 8.0% 7.5%
Peru (1995) Days ill 83% 8.2% 7.0%

S

Colombia (1993) Days disabled 10.4% 10.4% 8.8%

Colombia (1991) Height 9.6% 9.5% 9.0%
Mexico (1994) Days ill 18.7% 19.6%
Mexico (1994) ADLs 19.6% 18.6%
Mexico(1995) Age at menarche 13.5% 13.1%
Nicaragua (1993) Days ill 7.3% 7.3% 7.0%
Peru (1994) Days ill 8.6% B.5% 6.9%
Peru (1995) Days ill 6.9% 6.8% 6.0%

Notes: Returns to education are estimated at the sample mean, using coefficients reported in the case
studies. All include both urban and rural populations except Colombia {(1991) and Peru (1994). Where
necessary, population-weighted averages were calculated and splined or dichotomous specifications
were converted to average annual returns to schooling. The Mexican studies did not report earnings
equations that excluded the health variable.

statistically weak. Nonetheless, these studies yielded more support for the
positive interactions (complementarity) between health and schooling than
did Schultz (1995b) in West Africa.

Subpopulation Comparisons: Are the Differences Real or Imagined?

Most of the studies estimated health effects on earnings among different sub-
populations that are expected to have different outcomes for biological,
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social, or economic reasons. The evidence shows that the individual’s gender,
age, schooling, rural/urban residence, and household wealth are frequently
related to his/her health status indicators. In most studies, health and wage
estimates are disaggregated by sex because of the substantial differences in the
level and structure of earnings by gender, the higher mortality rates among
men within each age cohort, the marked differences in height, and other likely
gender differences in morbidity and health status that might arise for biologi-
cal or behavioral reasons and then be modified by economic development.

Each time that health impacts are estimated separately for subpopula-
tions, the interpretation of findings is complicated by an underlying ques-
tion: Are the categories exogenous or endogenous? Sex is perhaps the most
exogenous of these divisions, but choosing to enter the labor force is not
exogenous, so adjustments have to be made for the fact that women in the
labor force differ systematically from the population as a whole. The studies
often find significant differences in health impacts for men and women, but
it is difficult to generalize the results.

It is reasonable to expect that there would be gender differences in the
elasticity of wages with respect to health. Other studies have shown that labor
force participation decisions and an individual’s potential earnings in the la-
bor market, after controlling for other personal characteristics, lead to differ-
ent patterns of remuneration between men and women. In most of the studies
presented in this book, health appears to have more impact on wages for men
than for women (compare Tables 1.9 and 1.10). Male earnings appear to be
more sensitive than female earnings to differences in health in Colombia
(Ribero and Nuiiez), in the Peruvian national survey data (Cortez), and among
elderly Mexicans (Parker). Women’s earnings were more sensitive to health
in the Peruvian study that focused on urban areas using the PLSMS and in
the Nicaraguan study. Looking at a wider range of studies does notlead to a
clear pattern. The gender differences could be real, but they could also be a
consequence of smaller samples for working women than men, increasing
the margin for sample selection bias to distort the estimates for women.

Ethnicity may also be exogenously determined, like gender, but place
of residence introduces more concerns about endogeneity. People move, and
their migrations are often related to selecting places that improve their earn-
ings, and potentially their ability to obtain access to health services. Rural
and urban populations differ by health conditions, labor markets, employ-
ment opportunities, and welfare. Although disaggregating the samples by
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this distinction may be informative, it could also introduce some bias be-
cause of the substantial migration of individuals, during a lifetime, from
one region to another. In Latin America during recent decades, this has taken
the predominant form of rural to urban migration. Expectations are that
the rural-to-urban migrants will tend to be better educated and possibly
healthier than the rural population they left behind, but possibly have re-
ceived lower-quality schooling and amassed lower health human capital than
the native urban population among whom they settle.

Study comparisons of health or productivity within the rural or ur-
ban sectors may thus be affected substantially by the distinctive characteris-
tics of the migrants, interjecting a possible sample selection bias. The health
characteristics of the community where migrants currently live may diverge
sharply from those of the community in which they grew up and in which
many adult health outcomes were shaped. The magnitude of migration sug-
gests that about a fourth of the population may be mismatched (Schultz
and Tansel, 1997). Several of the studies in this book tried to address this
bias by using variables in the survey regarding whether or not the respon-
dent was an immigrant. But this information was only available in a few
cases. Unfortunately, none of the surveys asked respondents about their place
of birth, which would provide an even better identification of immigrants.

The mismatch is crucial because of the temporal lag between child-
hood investments in human health capital and eventual adult outcomes.
The current health conditions and policies of the community of residence
may not approximate the conditions when individuals were making critical
childhood investments in health. In general, rural areas are associated with
poorer health, even after controlling for schooling and other individual, fam-
ily, and community characteristics (Murrugarra, Knaul, and Parker). And in
several of the studies, health appears to have a greater impact on earnings in
rural than urban areas. Nevertheless the health indicator studies reported
here, and most others as well, have not corrected rigorously for these match-
ing problems. To estimate the impact on adult health of childhood health
investments requires additional data on migration histories and the past
evolution of community health programs.

When differences are considered across occupations, formal versus
informal employment, and income levels, the questions of bias due to self-
selection and sorting make interpretation even more difficult. The studies
that enter this territory can be considered suggestive, and demonstrate the
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Table 1.9 Impact of Selected Variables on the Health Status of Urban Men

Peru® Mexico Mexico®* Peru Colombia Nicaragua
Variable (1994) (1995) (1994) (1995) (1991) (1993)

Education -0.72 0.006*  —D.43***
Age or experience -0.68** -0.005** -0.18*** 0.43* -.004

Migrant -11.54** -0.24

Distance to -13.38**

health center

Food price 7.27** -0.98**

Physicians per capita

Nurses per capita 0.032
Housing

Sewerage and 1.25* 1.54 7.0* 0.083
potable water

Adequate floor or roof 2.71%* 0.06** 0.28* -0.078

Notes: Returns to education and age are estimated at the sample mean using coefficients reported in
the case studies; although other policy variables were used as instruments, they have not been included
here for purposes of presentation, and information about variables that were not included can be found
in subsequent chapters; Mexico {1994) is based on the analysis of ADLs, and Colombia (1991) on adult
height.

a/ For urban and rural sample combined with a dummy variable for residing in urban areas.
* Significant at 10% level.
** Significant at 5% level

**x Significant at 1% level.

need for more-refined models and further analysis.!®> Murrugarra and
Valdivia use quintile regressions to demonstrate that earnings are more sen-
sitive to changes in the instrumented health variables for lower-income than
for higher-income individuals. It would be important to discover which policy
interventions most benefited the health and earnings of low-wage workers,

B One study conducted by Vijverberg (1995) explicitly addresses such problems in modeling
the selection process between rural and urban areas, and between wage and self-employment
categories.



EARNINGS AND THE ELUSIVE DIVIDENDS OF HEALTH 29

Table 1.10 Impact of Selected Policy Variables on Health Status
of Urban Women

Peru® Mexico Mexico® Peru Colombia Nicaragua

Variable (1994) (1995) (1994) (1995) (1991) (1993)
Individual Characteristics
Education 0.75 .025**  0.10 ~0.17** 0.01
Age or experience -0.24** -0.049 0.09**  -1.83** 0.83* 0.52
Migrant 1.98 0.21
~ Personal Health Services
Distance to 9.65*

health center

Food price -13.3** 0. 72%**

Physicians per capita 0.26

Nurses per capita -0.013
e i : Wm ..... s i

Sewerage and 0.006*** -0.30 -0.15 0.50 -0.25

potable water

Adequate floor or roof 2.86** 0.012*** Q.67*** -0.28*** -0.23

Notes: Returns to education and age are estimated at the sample mean using coefficients reported in
the case studies; although other policy variables were used as instruments, they have not been included
here for purposes of presentation, and information about them can be found in subsequent chapters;
Mexico {1994) is based on the analysis of ADLs, and Colombia {(1991) on adu't height.

a/ An urban and rural sample combined with a dummy variable for residing in urban areas.
* Significant at 10% level.
** Significant at 5% level.

*** Significant at 1% level.

and which policy interventions were on balance more favorable for high-
wage workers. Future research could then seek to assess the distributional
impact of alternative public health policies and programs.

Instrumental Variables as Policy Guides

All of the studies used an instrumental variable procedure to estimate the
impact of health indicators on wages. There were two reasons. First, there is
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plausible evidence that errors in measurement of health human capital are
substantial, and second, the heterogeneity across workers in their reported
health is likely to be correlated with the unexplained variation in their wages.
To correct for these, the studies exploited a range of variables that are linked
to health, such as housing infrastructure, community sanitation, and po-
table water. To instrument health, Murrugarra and Valdivia used adequate
ceilings as a measure of housing quality, while Parker used running water
and proper floors, and Ribero and Nufiez used crowding (i.e., persons per
room). Such variables are likely to reflect household wealth, and more gen-
erally the community’s wealth, which stimulates demand for investment in
health human capital. Health policy interventions were also used as instru-
ments, and equated largely with access to various public programs.
Murrugarra and Valdivia used distance to health centers, while Parker used
the number of hospital beds, Knaul used the number of physicians, and
Ribero and Nuiiez used percentage of people enrolled in the social security
system. Other aspects of family wealth are also used to instrument for the
health indicators, such as home ownership (Ribero and Nufiez) and private
savings (Parker). Tests of overidentification and other specification tests may
help to show that alternative reasonable choices in identifying instrumental
variables will lead to similar estimates of the impact from health status indi-
cators on wage productivity.

For guiding public policy, the primary focus centers on community
characteristics that can be modified through collective actions. Such char-
acteristics include those that could influence exposure to health risks or dis-
ease, including population density, transportation, sanitation, or access to
potable water. They might also include local population traits that affect
behaviors and generate externalities, such as education. These variables are
summarized for urban men and women in Tables 1.9 and 1.10.

Access of individuals to community health and educational services is
expected to ameliorate the health consequences of exposure to these risks,
and can be reflected in the general availability and price of health services
and health-related goods, such as food, nutritional supplements, and medi-
cines. For example, some studies found that the community’s health resources
(in Knaul, the number of physicians per capita; in Espinosa, the number of
nurses; and in Parker, the number of hospital beds) are associated with in-
creases in residents’ health status. Findings also linked health indicators to
the local prices of basic food staples such as potatoes (Murrugarra and
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Valdivia), and to rural community coverage rates under national social se-
curity programs that provide health insurance (Ribero and Nuiiez). The
average distance from community households to a health center and the
average waiting time in those centers were used as proxies for the local prices
of public health services, but were not found consistently to be significantly
related to adult health indicators.

The policy variables that most consistently showed an impact on health
were those related to housing characteristics and sanitation. For example at
the community level, the household living space (the number of people per
room), the proportion of homes with proper floors or ceiling materials, and
suitable drainage and sanitation facilities were all associated with increased
individual health status in the studies by Knaul, Espinosa and Hernéndez,
and Ribero and Nuiiez.

A Research Agenda for Improved Policy

All seven Latin American studies in this book, each based on microanalyses
of seven different household surveys, find evidence to support the notion
that healthier individuals are more productive and earn more per hour
worked. Given the lack of consensus among experts on how to measure adult
health and the resulting variation in survey questionnaire designs, the vari-
ous studies understandably have measured health status or health human
capital using widely different criteria. Yet all of them found that using in-
strumental variable techniques to isolate the impact of the individual, fam-
ily, and community resources, prices, and environment on the individual’s
health indicator showed the effect of adult health on productivity to be posi-
tive and generally statistically significant. The elasticity of earnings with re-
spect to health at the sample means ranges from 0.09 to more than 0.80, but
in general, these estimates indicate that earnings may be quite sensitive to
small but consistent improvements in health (see Table 1.11).

The next step is more difficult. These aspects of health are hard to link
precisely to the available measures of current community social services that
one might associate with investments in public health and development in-
frastructure. These studies demonstrate that the use of instrumental vari-
able estimation is warranted because it deals reasonably with three problems:
measurement error embedded in health indicators, the heterogeneity in in-
dividual endowments and compensating behavioral patterns, and the dual
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nature of health differences (i.e., a genetic foundation modified at the mar-
gins by the accumulation of a stock of human capital).

Yet the measures of policy choices that research teams can use as in-
strumental variables needs to be improved. Major improvement in knowl-
edge about the relationships between public policy interventions and adult
health could occur if data were assembled on the historical time series varia-
tion in regional health programs that could be matched to individual migra-
tion histories. The production of health is distinctively a process of long
gestation. Tracing an individual’s access to health services and exposure to
disease during the critical early childhood years is critical for testing defini-
tively the hypotheses of social scientists and physicians that public policies
are responsible for the dramatic increases in life expectation and health in the
twentieth century. Great strides could then be made to fine-tune estimates of
how public policy interventions can be best designed to improve future adult
health status and thereby enhance adult productivity and welfare.

Two of the measures of adult health—height, and age at menarche—
are determined during the individual’s development life cycle by physical
growth processes and then remain more or less constant. Because these vari-
ables are determined by adulthood, say age 20 to 25, the cross-sectional varia-
tion in these variables associated with the age of each respondent makes it
possible to construct a historical time series. From this, one can infer how
these indicators of health have improved within a population over time,
assuming there are no systematic errors in reporting associated with age.
Both of the studies in this book that use these indicators find strong secular
improvements in health among their surveyed populations, comparable to
that noted in high-income countries since the Industrial Revolution and in
a few observed low-income countries (Strauss and Thomas, 1998; Schultz,
1995b and 1999b). More-frequent inclusion in household surveys of these
anthropometric indicators of physical health and early nutritional health
status could open the door to comparative analyses of the inequality of health
in Latin America. Although the surveys used here did not contain informa-
tion on adult weight-for-height, commonly known as a body mass index
(BMI), this measure is as important as height alone is for future data collec-
tion. Collecting data on BMI would allow researchers to go beyond the long-
term research that utilizes height data and begin to understand short-term
effects, including the impact of current malnutrition and poor health status
on earnings.



EARNINGS AND THE ELUSIVE DIVIDENDS OF HEALTH 33

Table 1.11 Summary of Estimated Percent Change in Wages Associated with
Changes in Various Indicators of Adult Health

Health Indicator, Country (source) Females Males

Height (1 centimeter)

Colombia (Ribero and Nufiez, 1999) — urban areas only 7% 8%
Ghana (Schultz, 1996) 8% 6%
Brazil (Alves et al., 1999) 6% 4%

Age at Menarche in Years (Elasticity with sign reversed)

Mexico (Knaul, 1999) 0.47 —
Body Mass Index (Weight kg/Height M 1 unit change)

Ghana (Schultz, 1996) 7% 9%

Cbte d'lvoire (Schuiltz, 1996) 14% 9%
lliness and/or Inability to Work as Usual (Elasticity with sign reversed)

Colombia (Ribero and Nufiez, 1999) - Days unable to work,
pop. wtd. average elasticities for rural and urban sampiles 0.04 0.07

Colombia (Ribero and Nufez, 1999) — Unable to work,
pop. wtd. average elasticities for rural and urban samples 0.010 0.017

Peru (Murrugarra and Valdivia, 1999) — Days sick, urban only,
pop. wtd. average elasticity for wage earners and self-employed 0.07 0.04

Peru (Cortez, 1999) ~ Reciprocal of days sick plus one
with sign reversed, average elasticity for rural and urban areas 0.10 0.20

Mexico Elderly (Parker, 1999) — Number of days sick or injured

in last 180 days ns. 0.81
Nicaragua (Espinosa and Hernandez, 1999) - Days sick 0.16 ns.
Ghana (Schultz and Tansel, 1997) - Days unable to work — 0.11-0.24
Cote d'Ivoire (Schultz and Tansel, 1997) - Days unable to work — 0.09-0.28

Functional Limitations (Elasticity with sign reversed)

Mexico (Parker, 1999) — Number of ADLs for working individuals
over 60 years of age n.s. 0.38

Notes: Italics indicate studies not included in this book; all elasticities are reported at the sample mean.
n.s. Not statistically significant at the 5% level.

— Not applicable.
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In sum, gathering migration histories for individuals and assembling
better databases on health conditions and policy variations by small regions
of residence will lead to stronger analyses and to greater reliability in their
findings. Then the debate could be confidently joined about which policies
have the greatest promise of reducing over time identified inequalities in
health in Latin American countries, and thereby strengthen efforts to ame-
liorate the region’s notably high level of earnings inequality.



CHAPTER 2

Health, Nutrition, and Wages:
Age at Menarche and
Earnings in Mexico

Felicia Marie Knaul'

This study uses a human capital framework to evaluate the impact of invest-
ments in health and nutrition on labor market productivity in Mexico. The
research extends the existing literature by proposing age at menarche as an
effective indicator for analyzing the long-term impact of health and nutritional
investments during childhood and adolescence on the earnings of women. The
findings reported in this chapter suggest that those impacts are considerable.
The instrumental, errors-in-variables model suggests that a decline of one year
in age at menarche is associated with an increase in wages of 23 to 26 percent.
Factors associated with declining age at menarche include urbanization, in-
creased levels of education, and improved living conditions. In particular, vari-
ables that measure access to public services and the quality of housing appear
significant. The proportion of the community with earth flooring in their homes
and the proportion that lack toilet or drainage facilities are particularly strong
correlates of cumulative health status as measured by age at menarche. Access
to personal health services appears to have little marginal impact on this indi-
cator of childhood health conditions.

!Dr. Felicia Marie Knaul is currently with the World Health Organisation in Geneva and the
University of Lausanne. She was Director of the Program on Health Economics, Centro de
Investigacién y Docencia Econémicas (CIDE), México, D.E, when this research was under-
taken.
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Introduction

A nation’s potential for economic growth and development is reflected in
the health and nutritional status of its population. For the individual, par-
ticularly at low levels of income, health may be an essential determinant of
productive capacity in the labor market, and hence of the earnings needed
to escape poverty.

The relationship among health, nutrition, and income—particularly
as expressed in nutrition-based efficiency wages—has been an important
element in theories of economic development for some time (Leibenstein,
1957; Rozensweig, 1988; Strauss and Thomas, 1998). Economic history has
also been advanced considerably by recent efforts to deepen and extend the
analysis of how long-run changes in the health of populations are related to
the process of economic development and structural transformation (Fogel,
1994; Steckel, 1995). Knowledge of the link between health and income has
been enriched by empirical evidence of how health affects wages and pro-
ductivity among poorer populations (Thomas and Strauss, 1998). The rela-
tionship between labor productivity and health is now being explored in an
integrated human capital framework (Schultz, 1996 and 1997; Schultz and
Tansel, 1997; Thomas and Strauss, 1997). Models of economic growth have
been expanded to include the importance of health as a human capital in-
put (Barro and Sala-I-Martin, 1995). All of these breakthroughs are a prod-
uct of advances in both economic theory and data quality. The surge now
taking place in applied research also reflects growing awareness of the op-
portunities for, and challenges in, formulating more-effective health poli-
cies.

This chapter uses a human capital framework to evaluate the impact
of health and nutritional investments during childhood and adolescence on
adult labor market productivity in Mexico. The research broadens the exist-
ing literature by proposing age at menarche as an effective analytic indica-
tor. Like adult height and body mass index (BMI), which have been widely
used as indicators, changes in age at menarche also reflect the secular in-
crease in national economic development (Brundtland and Wallge, 1973;
Marshall, 1978; Malcolm, 1978; Wyshak and Frisch, 1982; Wyshak, 1983,
Manniche, 1983; Wellens et al., 1990; Hulanicka and Waliszko, 1991; Liestol
and Rosenberg, 1995). Age at menarche has steadily decreased at a rate of
approximately three to four months per decade in many countries during
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the past 150 years. This decrease reflects a variety of socioeconomic factors,
particularly improved childhood nutritional status. Despite its parallels with
adult height as an indicator of general health, age at menarche has not been
used as an indicator in previous analyses of the impact of investments in
health on economic development.

This chapter examines the correlates of age at menarche in the frame-
work of a reduced-form health production function. Particular emphasis is
placed on the importance of policy-sensitive health variables as determi-
nants of age at menarche, and hence long-term health among women. Hourly
wages are used to measure the impact that investment in health and nutri-
tion early in the life cycle has on future labor market productivity. Age at
menarche is presented as a proxy for certain aspects of the health and nutri-
tional components of human capital. The integrated human capital frame-
work that underlies the theoretical model is developed in Schultz (1997),
and has been applied in such works as Schultz (1996), Schultz and Tansel
(1997), and Thomas and Strauss (1997).

The model uses an instrumental variable approach to address the sig-
nificant degree of measurement error that is inherent in retrospective infor-
mation on menarche. The instruments used to identify menarche are based
on the availability of personal health services, access to public services, hous-
ing quality, average levels of education, and access to educational facilities in
the community. A number of variables are included in the wage function to
control for variation that is related to genetic and other determinants of
menarche. These variables are expected to be uncorrelated with the repro-
ducible component of health human capital.

It is important to note that the measure of the impact from age at
menarche on labor market productivity is a lower-bound estimate of the
welfare impact from ill health (Schultz and Tansel, 1997). First, age at men-
arche measures only a few of many dimensions of health. In particular, it is
a cumulative measure reflecting investments in early nutritional status and
other investments in childhood health. Second, labor market productivity
and wages reflect only one aspect of the myriad complications that adult ill
health has on personal and family welfare.

To be precise, menarche will be defined here as the onset of the first
menstrual cycle. Puberty is a collective term that summarizes a set of mor-
phological and physiological changes that are the result of complex devel-
opmental processes in the central nervous and endocrine systems. In women



38 FELICIA MARIE KNAUL

these include the adolescent growth spurt, the development of secondary
reproductive organs and sex characteristics, changes in body composition,
and development of the circulatory and respiratory systems leading to in-
creases in strength and endurance. Menarche is a relatively late event in physi-
cal development that typically occurs after the adolescent growth spurt and
typically follows the peak in growth (Marshall, 1978; Tanner, 1962).

The analysis in this chapter proceeds in several stages. The first section
gives a snapshot of how health in Mexico has evolved in recent decades. The
second discusses menarche as an indicator of health and nutritional status.
The third provides an overview of the data used in the analysis. The fourth
summarizes the model and the estimation strategy, following Schultz (1996)
and Schultz and Tansel (1997). The fifth provides descriptive statistics, with
particular emphasis on the distribution of menarche by cohort, level of edu-
cation, and hourly wages. Results of the first-stage, reduced-form estimates
of the health production function are given in section six. The seventh sec-
tion presents the instrumental variable estimates of the wage regressions,
emphasizing the relationship between age at menarche and wages. Conclu-
sions and policy recommendations comprise the final section.

Achievements in Health and Nutrition in Mexico

Mexico is a particularly interesting case for studying the evolution of age at
menarche. While the country is well into the epidemiological transition char-
acteristic of development, its pace and scope have been characterized as “pro-
tracted and polarized” (Frenk, Bobadilla et al., 1989) as a result of income
inequalities and unequal access to resources such as health services. Mexico
thus faces a dual challenge. Mexico has a backlog of “pretransitional” dis-
eases—many of which are infectious, are based on nutritional deficiencies
related to infant and maternal mortality, and can be prevented with rela-
tively inexpensive public health interventions. These diseases are juxtaposed
with an increasing health burden from chronic, noninfectious illness. It is
the first challenge, communicable diseases, that disproportionately affects
the poor (Frenk, Bobadilla et al., 1989; Frenk, Lozano et al., 1994).

As in many Latin American countries, the decline in Mexican mortal-
ity rates has occurred quickly. Life expectancy almost doubled between the
early 1900s and 1950, and now exceeds 70 years. Infant mortality has dropped
considerably: from 323 per 1,000 live births in 1910 to nearly 40 per 1,000
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during the last decade (Frenk, Bobadilla et al., 1989; Bobadilla et al., 1993).
The proportions of deaths related to maternal mortality and malnutrition
also have declined substantially (Frenk, Gonzélez-Block et al., 1994).

While historical data on nutrition is scarce, there is evidence to sug-
gest that malnutrition has been rising in some rural areas and declining in
others. Overall, the proportion of rural children between one and five years
old whose height is normal for their age increased from 49 percent in 1974
to 52 percent in 1996. Furthermore, both mortality and morbidity from
nutritional deficiencies declined according to data from 1990 to 1996
(Direccién General de Estadistica e Informdtica, 1998; Avila-Curiel et al.,
1998). Figures for Latin America and the Caribbean are both more acces-
sible and more dramatic. The prevalence of nutritional deficiency dropped
from 19 percent of the population in 1969-1971 to 15 percent in 1990-
1992, and is projected to reach 7 percent in 2010 (FAO, 1996).

Health indicators for Mexico, while clearly improving, show less
progress than they should relative to the country’s level of economic devel-
opment. Reduction in the proportion of deaths from infectious disease has
lagged behind many other countries in the region. The figure for Mexico
declined from 30 percent to 13 percent between 1960 and 1985; while Ar-
gentina, Cuba, Costa Rica, and Chile are now well below 10 percent (Frenk,
Lozano et al., 1994). Similarly the ratio of deaths from infectious and para-
sitic diseases to deaths from noncommunicable diseases is approximately
unity in Mexico, but less than 0.5 for several other countries with similar per
capita income levels.

There are also substantial differences within and between regions and
municipalities in Mexico, reflecting the high degree of inequality in both
health status and the distribution of health services. Infant mortality in the
poorer southern states declined from approximately 147 per 1,000 live births
in the early 1960s to 92 per 1,000 in the 1980s, while the rates for the wealthier
northern region were 92 and 28, respectively. The ratio of infant mortality
between the southern and northern regions went from 1.6 to 3.3 during the
same period (Bobadilla et al., 1993). The differences within states also sug-
gest important inequalities based on rural versus urban residence.

The health situation that has resulted from this prolonged and polar-
ized epidemiological transition places a heavy burden on a relatively exten-
sive but inefficient health system. The Mexican system is dualistic. The poor
and uninsured have access to the public health system run by the Secretariat
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of Health. In contrast, the insured working population has the right to use
the Mexican Social Security Institute, or the Instituto Mexicano del Seguro
Social (IMSS), which covers close to half of the labor force and their fami-
lies. Despite this coverage, many people use private health services and pay
for them out-of-pocket. This is an indicator of overlap in, the inefficiencies
of, and dissatisfaction with the health system (Zurita et al., 1997; Knaul et
al., 1997; and Frenk, Gonzalez-Block et al., 1994).

Furthermore, the distribution of health services not only parallels ex-
isting inequalities in the health status of the population, but it often intensi-
fies them. For example, Frenk, Duran-Arenas, et al. (1995) report
approximately 200 people per physician in Mexico City, a figure that ex-
ceeds the average in many developed countries. The ratio, however, soars in
the poorer states and in rural areas. Oaxaca has an estimated 1,120 inhabi-
tants per doctor, and Chiapas 1,370. In partial recognition of and response
to systemic deficiencies, reforms have been initiated at IMSS, and a system-
wide process of decentralization is well under way (Frenk, 1997).

Menarche as a Measure of Health and Nutritional Status

Fogel (1994) and Steckel (1995) highlight the secular improvements in mor-
tality and morbidity, and their relationship to a complex set of factors asso-
ciated with economic development. These factors include improvements in
nutritional status, medical technology, health care access, education, public
health facilities, and hygiene.

Height and weight have traditionally been used as predictors of mor-
bidity and mortality risk among children. More recently adult height and BMI
have been put forward as indicators of the probability of dying or of develop-
ing chronic diseases at middle and late ages (Fogel, 1994; Thomas and Strauss,
1997; Schultz, 1996), and as measures of living standards (Steckel, 1995).

Adult height and BMI measure different aspects of nutrition and health.
Adult height is considered an indicator of nutritional status during infancy,
childhood, and adolescence. BMI is a measure of current nutritional status.
This evidence is analyzed and extended by Fogel (1994), who documents
the secular increase in average height and BMI in several European coun-
tries between the seventeenth and nineteenth centuries. This evidence is used
to develop an argument for the importance of physiological factors in eco-
nomic growth.
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The research summarized in this chapter adds another dimension to
the existing literature on health’s importance as a reproducible form of hu-
man capital, using age at menarche as an indicator of results from invest-
ments in childhood and adolescent nutrition and health. This parallels the
work of other researchers who have used adult height. The logic of associat-
ing menarche or adult height with investments in health and nutrition is
based on the idea that changes over time in average height or in age at men-
arche for a fixed population, with no variation in its mix of biological groups,
stem from changes in reproducible human capital investments and changes
in disease environments (Schultz, 1996; Fogel, 1994; Steckel, 1995). Fur-
thermore, a number of studies have shown the significant impact on labor
productivity of investment in health and nutrition as measured by height
and BMI in an integrated human capital framework. These include Schultz
(1996) for Cote d’Ivoire and Ghana, and Thomas and Strauss (1997) for
urban Brazil.

Several authors have pointed to the importance of average age at men-
arche as an overall comparative indicator of population health, timing of
maturation, and nutritional status (Hediger and Stine, 1987; Malcolm, 1978).
Furthermore, close linkage among adult height, the timing of the adolescent
growth spurt, height for age, and age of menarche has been documented in
a variety of countries and settings (Malcolm, 1978). Trussel and Steckel (1978)
use data on height velocity for female slaves transported within the United
States in the 1800s to predict probable age at menarche. Diaz de Mathman
et al. (1968) find that Mexican adolescents who are malnourished are sig-
nificantly older at menarche than those who are well nourished.? Yoneyama
et al. (1988) found that age at menarche was an important predictor of adult
height in a study of Japanese girls.

Some evidence suggests that age at menarche may be an important
complementary indicator to adult height, and possibly a more accurate tracer
of early nutritional status in certain cases. Specifically, “catch-up” growth may
allow certain individuals to attain a normal height, given the expectations of
their genetic group, despite having suffered from malnutrition or poor health
during childhood (Floud, 1994). That is, catch-up growth reduces the effec-
tiveness of adult height as a measure of cumulative health status to the extent
that it disguises the incidence of malnutrition and ill health during youth

2Based on a sample of indigenous youth in Mexico City.
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that is expected to affect later productivity. A delay in menarche, on the other
hand, may be a more dependable tracer of malnutrition and ill health during
childhood and adolescence because it is a one-time event that occurs during
puberty. For example Eveleth (1978), citing the study by Dreizen et al. (1967),
suggests that girls suffering from chronic malnutrition in a poor, rural area
of the United States were delayed in age at menarche and skeletal maturation
as compared to a control group. The completed height of these two groups
was not significantly different, although the malnourished group was shorter
than the control group during the period of adolescent growth. Laska-
Meirzejewska (1970) found that age at first menstruation was more sensitive
to external conditions related to socioeconomic status and family well-being
than were height or weight among a sample of Polish girls. Further, Liestol
and Rosenberg (1995) suggest that menarcheal age, possibly related to changes
in weight, may be more sensitive than height is to regional differences in
poverty among schoolchildren in Oslo.

Both age at menarche and adult height have demonstrated secular im-
provements. These improvements are likely to be closely related to increased
nutritional standards (Trussel and Steckel, 1978). Marshall (1978) evaluates
a group of studies of age at menarche and concludes that, despite differences
in data quality, they are remarkably consistent in demonstrating an average
decline of three to four months per decade over the past 100 years. The secu-
lar decline is also evident over the past 100 to 150 years in a variety of devel-
oped countries based on aggregate trends (Wyshak and Frisch, 1982). The
estimated rate of decline is between two and three months per decade.
Brundtland and Wallee (1973) cite evidence from North America, Japan, and
Europe to show that girls have been maturing four to five months faster per
decade during the past 50 years. More-recent studies have confirmed this
tendency for well-nourished women in the United States born since 1920
(Wyshak, 1983), Denmark since the 1940s (Manniche, 1983), Flemish women
in the nineteenth century (Wellens et al., 1990), Poland since approximately
1950 (Hulanicka and Waliszko, 1991), and Norway among schoolchildren
since the 1920s (Brundtland and Wallge, 1973; Liestal and Rosenberg, 1995).
These studies further suggest that the trend is coming to a halt, coincident
with a threshold age at menarche, among some well-nourished groups of
high economic status in developed countries (Brundtland and Wallee, 1973).

The determinants of age at menarche can be divided into genetic and
environmental factors, in which the latter are widely thought to reflect nu-
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tritional differences. The literature on adolescent growth widely concurs in
establishing the link between malnutrition in infancy and childhood, later
age at menarche, and a slowdown in growth (Diaz de Mathman et al., 1968;
Landa Rico et al., 1968; Ramos Galvan et al., 1969; Marshall, 1978; Eveleth,
1978; Frisch and Revelle, 1970; Maclure, 1991; Liestal, 1982; Trussell and
Steckel, 1978). Environmental factors such as socioeconomic status, urban
residence, number of siblings, birth order, racial differences, climate, alti-
tude, physical activity, psychological stress, season of year, and presence of a
related male in the family have all been put forward, with the first two being
the most consistently associated with menarche (Eveleth, 1978; Marshall,
1978; Malcolm, 1978; Moisan et al., 1990; Weir et al., 1971; Komlos, 1989;
Ulijaszek et al., 1991; Bojlén and Weis, 1971; Valenzuela et al., 1991; Delgado
and Hurtado, 1990; Cumming, 1990; Treloar and Martin, 1990; Graber et
al., 1995; Bielicki et al., 1986). Racial differences also figure prominently in
many of these studies. These partially reflect variation in socioeconomic
and climatic factors but may also have an important genetic component.

Heredity-related or genetic factors may dominate among well-nour-
ished populations (Stark et al., 1989) and appear to be more important among
later cohorts (Treloar and Martin, 1990). This is supported both by impor-
tant population differences and by studies comparing twins to other sib-
lings. These studies show much larger differences in age at menarche between
siblings who are not twins (Eveleth, 1978; Marshall, 1978).

In summary, literature from a variety of countries demonstrates a secu-
lar decline in the age at menarche throughout the world. This research sug-
gests that, while a variety of environmental and genetic factors may also
come into play, menarche occurs earlier among females who were healthier
and better nourished as girls and adolescents. For the purposes of the re-
search presented below, the crucial hypothesis developed here is that age at
menarche is a plausible proxy for measuring part of the differences in adult
labor market productivity among women that result from investments in
nutrition and health during childhood and adolescence.

Data Sources
The main data source for this study is the National Family Planning Survey

{NFPS), or Encuesta Nacional de Planificacién Familiar (ENPF), under-
taken by the Consejo Nacional de Poblacién (CONAPO) in 1995. The NFPS
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includes an individual, a household, and a community questionnaire. The
individual survey is directed toward the target population of women aged
15 to 54. This part of the NFPS was answered directly by each woman and
includes detailed fertility and marital histories, as well as socioeconomic
characteristics and work activity. The household questionnaire considers
socioeconomic characteristics, family structure, work activities, and the con-
dition of the dwelling. The community survey was carried out in localidades
(primarily those with less than 5,000 inhabitants®) and was directed at a
community leader. This part of the NFPS includes information about basic
community characteristics, including information on access to and use of
health and educational facilities.

The sampling frame of the NFPS is designed to overrepresent the poor-
est, most rural states. In particular, 9 states account for 90 percent of the
sample. The information for the other 23 and more populous states is given
by the remaining observations, which amount to approximately 1,000 cases
in the overall sample of women and 300 female wage earners. The survey
includes expansion factors that are designed to restore the balance among
states and to provide appropriate estimates for the country as a whole. Still,
given the low number of observations for the 23 undersampled states, the
analysis of age at menarche using the expansion factors proved to be some-
what unstable. As a result, the information in this chapter is based on the
unexpanded figures, which implies that the estimates do not necessarily re-
flect the distributions within the population as a whole.* In order to account
for the important geographic differences in socioeconomic status and the
availability of health services, the regressions include either a dummy vari-
able for rural versus urban residence (rural = 1) and another for the overrep-
resented states (Chiapas, Guanajuato, Guerrero, Hidalgo, México, Michoacin,
Qaxaca, Puebla, and Veracruz = 1), or a full set of state dummies.

It is important to highlight that women who were interviewed in the
individual survey portion of the NFPS self-reported all variables.® This clearly

> While the questionnaire and manuals report that the community segment was exclusively
directed at localidades with a maximum of 2,500 inhabitants, the data analysis of responses by
community leaders shows a large proportion contain between 2,500 and 5,000 inhabitants.

4 The descriptive figures using expansion factors are available from the author upon request.
% The fact that only self-reported information is accepted in the survey generates a sampling
problem. Approximately 10 percent of women aged 18 to 54 identified in the household sur-
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improved the quality of the data in the sense that the self-reported responses
are likely to be more correct. In particular, the labor market variables were
reported as part of the household survey, often by a proxy respondent, and
then solicited from individual women as self-respondents. Comparing the
two responses disclosed substantial differences. For greater reliability, this
research study uses the self-reported information.b

There are two severe restrictions inherent in the data the NFPS was
designed to collect. First, the only measure of adult health is menarche, mak-
ing it impossible to be more encompassing about the impact of different
aspects of health status on wages. Second, the data includes no information
on place of birth or history of migration.

To complement information from the community segment of the
NEFPS, this research uses three other sources of information about munici-
palities. The first is the Indicadores Socioeconémicos e Indice de Marginacién
Municipal disseminated as the Sistema del Indice de Marginacién Munici-
pal (SIMM) and developed as an index of marginality applicable to all mu-
nicipalities in Mexico. The SIMM was generated by CONAPO (1993) in
conjunction with the National Water Commision (Comisién Nacional del
Agua) and based on the results of the 1990 general population census un-
dertaken by the Instituto Nacional de Estadistica, Geografia e Informatica
(INEGI). The SIMM includes the percentage of people in each municipality
who are illiterate adults, did not complete primary school, live in dwellings
that are overcrowded, have earthen floors, lack electricity, lack toilets and
drainage facilities, lack running water, live in localidades with less than 5,000
inhabitants, or are workers earning less than twice the minimum salary per
month.

vey are excluded from the individual data that includes age at menarche. The primary reason
for exclusion was because they could not be located for an interview. This introduces a par-
ticular form of selection bias into the research because the women identified by the household
survey but not found for the individual survey are more likely to be younger, working, and
better educated and to earn a higher income (see Knaul, 1999, Appendix 1, Table 1). This bias
cannot be explicitly handled using the econometric techniques applied in this paper given
that age at menarche, as the key variable, is missing for these women. Since women with these
characteristics tend to be younger at menarche according to the available sample, the results
of the impact of menarche on productivity may be biased downward.

S It would be interesting to conduct a more careful analysis of these differences in the future as
a means of bounding the possible error in household surveys, in which proxy respondents are
common.
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Another source of information is a database—jointly developed by
researchers at the Colegio de México, CONAPQ, and Johns Hopkins Uni-
versity—using the records of the Secretariat of Health and IMSS (Wong et
al., 1997). This database also includes information on private-sector health
services and personnel compiled in the Economic Census undertaken by
INEGI. The information on altitude comes from the Sistema de Informacién
Municipal en Bases de Datos (SIMBAD) compiled by INEGI (1995) and is
based on cartographic data. All three data sets were merged with the NFPS
at the level of the municipality, with information available for both urban
and rural areas.

Modeling Health Production and Labor Productivity

Schultz (1996, 1997) models household demand for human capital as a de-
rived demand for the uses of various human capital stocks. Summarizing
this work, household demand for input (j) for individual (i) is given as:

Ii=aY+8,X +u,; j=HorM,ER,and B [2.1]

where a critical distinction is made between the Y and the X variables. The Y
variables affect the demand for human capital through their impact on wage
structures. Because the Y variables affect wages, they have an impact on the
incentives to invest in human capital. The Y variables may also have a direct
impact on the demand for human capital for other reasons. By contrast, the
X variables affect the demand for human capital without affecting wage op-
portunities. The error term is given by u.

The inputs in an integrated framework include adult height (H) or age
at menarche (M) as indicators of early investments in nutrition and health
(see Fogel, 1994; and discussion above), education (E) (Becker, 1993; Mincer,
1974; Griliches, 1977), migration from region of birth (R) (Schultz, 1982),
and body mass index (B) as an indicator of adult nutritional status and cur-
rent health (Fogel, 1994; Thomas and Strauss, 1997). In this chapter, and given
the data limitations, only age at menarche and education are considered.

The individual girl and her family maximize a single-period utility
function that includes health (h*), proxied by menarche (m*); the nonhealth-
related consumption bundle (C); and annual time allocated to nonwage ac-
tivities (H,):
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U=U(k*C,H,) [2.2]

Equation [2.2] is maximized subject to the budget, time, and health
production constraints:

RI=HI-P,+CP,=W-H,+V, [2.3]
T=H,+H, [2.4]

where RI is market income, Ps are market prices, W is the wage rate, and V'is
annual household income from nonlabor assets. Total available time (T) is
divided into wage work (H|) and nonwage activities.

Cumulative health status is produced over the individual’s lifetime
and begins with parents’ and personal investment in nutrition, disease-
preventing interventions and practices, and in health-conserving behav-
iors. These health inputs (HI) and the individual’s heterogeneous
endowments (G) unaffected by family or personal behavior combine to
determine the individual’s cumulative health status (h*), proxied by age at
menarche (m*):

h = f(m*) [25]
where,
m*=m*(HI,G,¢). [2.6]

In equation [2.6], € is the error term in the health function. The esti-
mates of the determinants of age at menarche are used as the first stage of
the estimation of the wage function. This chapter includes only reduced-
form estimates of the health production function equations [2.5] and
[2.6].

Expanding on the semilogarithmic framework of Mincer (1974), the
hourly wage of the individual is a function of her cumulative health status
as proxied by age at menarche, acquired skills related to education, experi-
ence as a quadratic function of aging, the vector of exogenous variables (Y)
that are included additively, and other unobserved forms of human capital
transfers and genetic endowments:
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W,=X(d];) + t¥,+9;. [2.7]

n
J=i

The econometric strategy is based on an errors-in-variables model
identified using instrumental variables. This parallels Schultz (1996), Schultz
and Tansel (1997), and Thomas and Strauss (1997). The two-stage instru-
mental variables approach is designed to correct for the downward bias of
the estimated effect of health on wages due to the errors in measuring age at
menarche. Reported age at menarche may diverge from true age at menarche
by a measurement error (e):

mi =m,~* + ei, [2.8]

where e is assumed to be a random variable that is uncorrelated with the
other determinants of health or modeled aspects of behavior. Note that it is
the correlation between ¢ and e that gives rise to bias due to heterogeneity
or simultaneity in estimating the wage function. The correlation between
the error in the wage function and unobserved health heterogeneity leads to
simultaneous equation bias if the observed health inputs are related to the
unobserved health heterogeneity. To correct for this problem it is necessary
to include, in the health demand function, variables (such as prices or access
to health services) that affect health input demand yet are not correlated
with the health heterogeneity. These variables generate a series of exclusion
restrictions that permit identification of the unbiased wage function.
There is ample evidence to support the hypothesis that age at men-
arche is measured with considerable error, particularly using the type of
retrospective data available for this research. The literature on measuring
age at menarche highlights the issue of recall error in this type of data. Of
the existing means of determining age at menarche, the cross-sectional ret-
rospective method is considered inferior to longitudinal (repeated question-
ing of adolescents) or status quo (proportion of adolescents who have
menstruated by a given age) methods (Marshall, 1978; Brundtland and
Wallpe, 1973). Several studies have measured the recall error by comparing
the results from these different methods. Most notably for this study, Cravioto
et al. (1987) found that among adolescents from rural Mexico the correla-
tion coefficient between age at menarche from longitudinal data and from
recall data collected four years after menarche was only 0.61. Similarly only
70 percent of the adolescents could recall their age at menarche within one
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year of the actual date. In a study of Swedish teens, Bergsten-Brucefors (1976)
found that four years after menarche, only 63 percent of respondents could
recall age at menarche within three months of the correct date. Hediger and
Stine (1987) discuss studies showing that recall capacity falls off rapidly four
to five years after the event and then stabilizes. They highlight the finding by
Bean et al. (1979) that in a group of U.S. women, an average of 34 years after
the event, approximately 90 percent were able to recall their age at menarche
within one year. In their own work, Hediger and Stine (1987) find that about
half their sample group of U.S. adolescents had low recall ability while the
other half remembered relatively accurately for several years after the event.
The authors suggest that recall probability is not as closely related to the
length of elapsed time as other studies imply.

Recall bias is likely to be associated with three other types of error in
the data used in this study. First, because age at menarche is reported in
completed years, there will be a consistent downward bias in the mean age.
Second, the many conflicting feelings associated with adolescence and there-
fore with menstruation may induce young women to provide inaccurate
information, particularly if menarche was very early, very late, or especially
traumatic. Another source of error may be due to women not clearly identi-
fying the onset of menstruation. Finally, another source of error may be
related to “telescoping.” That is, women may tend to report a later or an
earlier age at menarche as they get older or as the event becomes more dis-
tant in time.”

As mentioned above, in order to control for the bias due to simultane-
ity and measurement error, the econometric analysis in this chapter is based
on an instrumental variables approach. The instrument set consists of com-
munity health infrastructure and water and sanitation conditions, as well as
the level of education in the community. These variables are assumed to
affect the demand for health human capital inputs, and to be uncorrelated
with unobserved health heterogeneity or measurement error, thus identify-
ing the wage equation. The instruments are selected using the results of the
literature review, the descriptive analysis, and the regressions of the produc-
tion function of health measured by age at menarche. The specification of
the instrumental variables approach to the errors-in-variables is evaluated
using Hausman tests (Hausman, 1978; Greene, 1997). In addition, the ro-

7 For a more complete discussion of these issues, see Knaul (1999).
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bustness of the instrumental variable estimate is explored by varying the
instrument set.

The other human capital inputs that can be measured using the NFPS
are education and post-schooling, potential years of experience. Education
is analyzed using a linear specification in years. Experience is formulated in
the wage equations, in the traditional Mincerian fashion, as age less years of
education less 6, and included as a quadratic (Mincer, 1974).

Another potential source of bias in analyzing the impact of health re-
sults from what Schultz (1996) calls “aggregation.” This bias arises when
inputs that have different productive effects on wages are combined in a
single indicator. In a cross-section, the fraction of the variance in age at
menarche that can be explained by environmental factors may have either a
smaller or a larger impact on productivity than the fraction that is largely
unaccounted for and based, in part, on genetic variability. Aggregating the
two sources of variation in the single measure of age at menarche may pro-
vide misleading results about the impact on productivity of changes in vari-
ables that affect only the environmental aspects of menarche.

This form of bias is partially offset by including, in both the wage and
human capital demand functions, a series of variables that are related to the
genetic component of age at menarche and to environmental factors. These
controls are included in order to avoid relying on intergroup genetic varia-
tion to identify the wage effects of the reproducible component of health
human capital (Schultz, 1996). The independent exogenous control vari-
ables are selected based on the results of the literature review and the find-
ings for the determinants of age at menarche discussed below. Individual
characteristics include age and the place of residence. Using the information
from the rural localidad survey included in the NFPS, the proportion of the
population that does not speak Spanish (this information is not available
for the individual), and distance in kilometers to the nearest and most-
frequented market are also used. As mentioned above, this information is
only available for small rural communities. For the larger municipalities and
cities, these two variables are coded as 0. The controls also include altitude
in meters above sea level for each municipality, and a dummy for rural resi-
dence and another for the poorer states that are overrepresented in the sample.

The sample is restricted to include women whose declared age of men-
arche fell sometime between the ages of 10 and 17 years old, based on the
fact that the proportion who dated it earlier or later is very low. This also
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makes it possible to exclude from the production function and wage equa-
tions women aged 17 and younger. The age restriction is useful for the later
extension to the wage function since it guarantees a completed profile of
menarche for the women aged 18 and over at the time of the survey. Exclud-
ing these youths from the wage equation is also supported by the fact that
many are still in school and not earning a wage. This restriction reduces the
sample by only 1 percent.

Just under 30 percent of the adult women in the sample work and earn
a positive wage, suggesting the need to identify, and correct for, sample se-
lection bias using full information, maximum-likelthood estimates of the
two-stage technique originally developed by Heckman (1979). Unfortunately
the available data do not include sufficient information on exogenous de-
terminants of labor force participation to identify the selection equation.
The only exogenous measures of wealth included in the survey are the physical
characteristics of the home, and the sample correction term is repeatedly
insignificant when identified based on these variables. For this reason, the
analysis does not include a correction for sample selection. Based on the
selection-corrected regressions that were undertaken, this omission is un-
likely to bias the findings regarding the impact of age at menarche on pro-
ductivity and wages.® The results of the corrected sample selection model
can be found in the appendix of Knaul (1999).

It is important to mention two general points regarding the regression
analysis. First, all of the standard errors are calculated using White’s robust
heteroskedasticity-consistent estimator (White, 1980; Greene, 1997). Fur-
ther, all of the instrumental and exogenous control variables that suffer from

# The instrumental variable wage equations were also calculated using a selection equation
for labor force participation. The selection term was identified by including a series of argu-
ably endogenous variables in the participation equations. In particular, a dummy variable for
marriage, as well as a series of indirect indicators of wealth (measured by physical characteris-
tics of the home and access to services) were included in the probit regression. The results of
including the sample selection term derived from this analysis have very little impact on the
magnitude, sign, or level of significance of the menarche variable in the wage equations. The
analysis was again repeated using only the measures of the physical characteristics of the home.
Using this estimation strategy, the sample selection term is repeatedly insignificant, suggest-
ing that the identifying variables are too weak to permit a precise estimation of the character-
istics of exclusion from the labor force. Schultz and Tansel (1997), using data from the Cote
d’Ivoire and Ghana, find that the selectivity correction term is insignificant in predicting the
impact of disabled days on productivity.



52 FELICIA MARIE KNAUL

Table 2.1 Means and Standard Deviations for NFPS Variables by Sample Set
and Wage Earners

All Wage Earners
Variable Mean Std. Dev. Mean  Std. Dev.
Ln hourly wages 1.48 1.05
Menarche 13.15 1.34 13.13 1.37
Ln menarche 2,57 0.10 2.57 0.11
Menarche? 174.63 35.71 174.19 36.44
(Menarche) x (years of education) 75.82 53.80 91.73 60.43
Community-level policy variables
Public Health Services (popn. shares)
Earthen floors (%) 33.96 24.14 30.74 22.90
Without toilet or drainage facilities (%) 34.65 24.05 31.88 24.37
Overcrowded housing (%) 65.29 10.59 63.67 10.67
Without running water (%) 30.76 23.42 27.99 22.29
Personal Health Services
Distance (km) to heaith center® 2.43 6.58 1.31 4.45
- Health center distance missing® 0.14 0.34 0.08 0.28
Physicians per capita (*100) 0.001 0.001 0.001 0.001
Presence of community health worker 0.68 0.47 0.74 0.44
Educational Capital
incomplete primary education (%) 48.88 17.66 4575 17.92
llliterate (%) 20.76 13.81 19.20 13.45
Distance to secondary school (km) 12.62 17.86 8.72 15.81
- School distance missing® 0.36 0.48 0.25 0.44
No secondary school 0.45 0.50 0.32 0.47
Other human capital variables
Education (years) 5.81 412 7.05 4.63
Experience (years) 18.98 11.97 18.74 11.87
Experience? 503.65 529.99 492.07 516.06
Controls for ethnicity and residence
Non-Spanish-speaking (%) 4.20 15.00 2.30 10.40
- Non-Spanish share missing® 0.03 0.16 0.02 0.15

Altitude (1,000 meters) 1.41 1.45 1.40 1.45
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Table 2.1 (continued)

Al Wage Earners

Variable Mean Std. Dev. Mean  Std. Dev.
- Altitude missing values® 0.02 0.13 0.01 0.11
Rural 1.59 0.49 0.45 0.50
Oversampled states* 0.92 0.27 0.92 0.27
Distance to market (km) 10.02 15.10 7.65 13.97
- Market distance missing® 0.02 0.14 0.01 0.09
Age 31.78 9.85 32.78 9.58

QObservations 10,839 3,158

Note: The sample includes women, aged 18 to 54, whose reported age at menarche was between 10
and 17.

a/ For nearest nonprivate health center; urban areas were counted as 0 km. See text for additional
explanation.

b/ Applies only to rural areas since the variable is assumed to be 0 for urban areas.

o/ Oversampled states are: Chiapas, Estado de México, Guanajuato, Guerrero, Hidalgo, Michoacan,
Qaxaca, Puebla, and Veracruz.

a small number of missing values are recoded with the median value. A
dummy value for each variable is added to signal that the observations origi-
nally had a missing value. This guarantees comparability across regressions
since the number of observations remains constant.

The wage regression uses hourly wages as the dependent variable. The
adjustment to hourly wages is done by converting hours worked, when re-
ported by day or month, to hours worked per week, using the days worked
during the past week. Similarly when labor earnings are reported by a pe-
riod other than the week, they are first adjusted to weeks and then divided
by hours worked per week.’

The means and standard deviations of all variables are reported in
Table 2.1 for the full sample of 18- to 54-year-old women, as well as for
those with positive wages and for the sample of women living with their

° It is important to note that the information on hours refers to the principal job, while labor
earnings refers to all jobs. There is no way to adjust for this difference since the survey does
not mention the total number of jobs. Still, the proportion of women in INEGI’s quarterly
National Urban Employment Surveys who report a second job is very low.
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mothers. The figures are presented without expansion factors, given the sam-
pling features of the survey discussed above.

Patterns in the Age at Menarche in Mexico

The mean age in the sample of women in the NFPS who experienced men-
arche between ages 10 and 17 is 13.1 years with a standard deviation of 1.3
(Figure 2.1). The age distribution is concentrated at 12, 13, and 14 years.
Moreover, only 1.2 percent of the 521 youth aged 15 at the time of the sample
said that they had not yet menstruated. The average age of 13.1 years coin-
cides relatively closely with figures collected for the 1960s and 1970s for cer-
tain European countries, although in several other developed countries,
including the United States, average ages approach 12.5 years (Marshall, 1978).
By comparison, Diaz de Mathman et al. (1968) reported an average age of 12
years (confidence interval of +/~ 13 months) and 13.4 years (confidence in-
terval of +/— 10 months) among well-nourished and poorly nourished young
women from Mexico City, respectively. The estimated overall average was
12.8 years (confidence interval of +/— 16 months). Using the status quo
method, Jacobo and Malacara (1985) found an age at menarche of 12.8 years
(confidence interval of +/— 1.3 years) in a population of urban Mexican ado-
lescents with no significant difference based on socioeconomic status.

There is small but consistent negative correlation between menarche
and age cohort (Table 2.1). The time trend in age at menarche across birth
cohorts is measured with more precision following Schultz (1996), by re-
gressing menarche on age and controlling for the proportion of the popula-
tion in a community that does not speak Spanish, the only available
information on ethnic background. The OLS linear trend suggests a rate of
decline of slightly less than one month per decade in Mexico (b = .011, ¢ =
8.54). The finding of a long-run decline is consistent with other studies sum-
marized previously that show a secular decline during the past 100 to 150
years in a variety of countries (Wyshak and Frisch, 1982; Marshall, 1978).
Still, the rate of decline is one-quarter to one-half the reported fall in devel-
oped countries.!?

19 A large part of this divergence is likely due to differences in data collection strategies or may
reflect the slower pace of improvements discussed in the earlier section overviewing the evo-
lution of health status in Mexico.
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Increases in education are also associated with a slightly more pro-
nounced decline in age at menarche (Table 2.2). Women with no formal
education report an average age of menarche of 13.3 years, compared to
13.2,13.0, and 12.8 years for women with at least some primary, secondary,
or higher education, respectively. This partly explains the cohort effect since
education levels have increased substantially in Mexico during past decades.
Still, the inverse relationship between menarche and education is also evi-
dent within cohorts.

Rural residence is associated with being older at menarche—13.2 ver-
sus 13.0 years in the urban areas. This is a lower-bound estimate since it is
based on current residence. It is likely that half the sample of women living
in the urban areas at the time of the survey were rural residents during in-
fancy and childhood or at the time of menarche. The higher rural figure is
related to a variety of factors, including the greater prevalence of malnutri-
tion, the scarcity of health services, as well as selective migration, poverty,
and educational achievement.

Table 2.2 Age at Menarche by Cohort, Level of Education, and Rural-
Urban Residence

Variable Mean Mode Std. Dev. Skewness  Kurtosis Obs.
Age Cohort
18-24 13.03 13 1.32 0.30 2.88 3,258
25-34 13.10 13 1.35 0.19 2.92 3,537
35-44 13.23 13 1.34 0.15 2.79 2,556
45-54 13.35 14 1.36 -0.07 2.66 1,546

Years of Education

0 13.27 13 1.31 0.03 2.79 1,574

1-6 13.23 13 1.31 0.16 2.82 5,574

7-12 12.99 13 1.38 0.30 2.89 3,127

13+ 12.83 12 1.41 0.35 2.80 616
Residence

Rural 13.00 13 1.37 0.21 2.81 4,483

Urban 13.24 13 1.73 0.18 2.80 6,416
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Menarche shows a weak but steadily declining pattern with respect to
the distribution of hourly labor income (Figure 2.1, Table 2.3). Women in
the lowest wage quartile have a reported mean age of 13.3 years, compared
to 13.0 in the highest decile. It is interesting to note that the average age at
menarche is virtually identical among labor force participants and those
who do not work.

In summary, the tabulations in cross-sectional data show that menarche
tends to be inversely related to age, education, and wages and to be lower in
urban areas. While the trends tend to be small, the patterns are consistent
both overall and within cohorts. The findings coincide with the expected
link to malnutrition, and to the socioeconomic determinants of age at men-
arche cited previously.

The Determinants of Age at Menarche and the Instrument Set

A reduced-form health production function is estimated in this section to
evaluate individual, community, and regional determinants of age at men-
arche. The variables include both exogenous controls, and variables that are
excluded in the second stage and used as instruments in the wage equation.

The instrument set is comprised of 11 variables related to the accessi-
bility of public and health services, the quality of housing, and the level and

Figure 2.1 Distribution at Menarche by Hourly Wage Quartiles (Women 18-54)
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Table 2.3 Age at Menarche by Hourly Wage

Wage Percentiles:

Statistic 0-25 26-50 51-75 76-90 91+
Mean 13.25 13.08 13.18 13.02 12.99
Std. Dev. 1.30 1.36 1.42 1.39 1.43
Skewness 0.17 0.11 0.14 0.30 0.23
Kurtosis 2.68 2.79 274 2.85 2.68
Observations 770 835 762 476 313

availability of educational resources. This assumes that the present distribu-
tion of services and resources is correlated with the distribution that pre-
vailed at the time when, and in the place where, the woman grew up and
experienced menarche.

The first four instruments are indicators of the lack of basic services in
the community and the presence of poor-quality housing. These factors
should be associated with an older age at menarche since they indicate higher
health risks and poverty. The variables included in the instrument set are
the proportion of individuals in each municipality whose homes have an
earthen floor; who do not have indoor drainage or sanitary facilities; who
live in overcrowded conditions; and who lack access to running water. This
information comes from the Sistema del Indice de Marginacién Municipal
(SIMM).

Increasing availability of and access to health services should be nega-
tively correlated with age at menarche. Three instruments are used as indi-
cators of the availability or accessibility of personal health services. The first
variable is distance from the localidad to the nearest health center in kilome-
ters, using data from the NFPS. The sign is expected to be positive. This
variable is somewhat difficult to interpret given the multiplicity of health
service providers discussed in the overview of Mexican health status at the
beginning of this chapter. Services may be provided through the Secretariat
of Health; the social security system; state and other public welfare systems;
pharmacies; and to a lesser degree in the rural areas, private clinics and indi-
vidual physicians and practitioners. The survey includes information on all
of the public and social security clinics, although no information is given on
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distance to private clinics. The variable therefore is designed to measure the
distance to the nearest public or social security clinic. While the uninsured
are theoretically unable to use social security clinics, many of the units in
rural areas form part of the IMSS Solidaridad system that is open to the
general public and targeted toward the poor and uninsured.

The other two instrumental variables for the accessibility of personal
health services are related to the presence of trained practitioners. The num-
ber of physicians per capita is constructed by combining the information
from the community survey of the NFPS with the information on munici-
palities. Thus physicians per capita is calculated by using the NFPS data for
all individuals living in localidades, and by using information at the level of
the municipality for residents of larger conglomerates.!! This variable en-
ters into the second set of instruments, along with the variables for earthen
floors, drainage, and distance to clinics. A dummy variable indicating the
presence of a community health worker at the level of the localidad is de-
rived from the NFPS data. This variable is expected to be particularly im-
portant in the smaller and poorer communities. Both the physician and the
community health worker are expected to be negatively related to age at
menarche.

Education is considered an important input in enhancing the ability
of the individual and the family to make more efficient use of health tech-
nology (World Bank, 1993). Given the externalities that apply to public
health services, education is likely to have an impact at both the individual
and community levels. For this reason, measures of the level of education
and of access to community educational services constitute another group
of instruments. The average level of education is measured as the propor-
tion of the population with some primary schooling and the proportion
over age 15 who report that they are illiterate using data from the SIMM.
Presuming that the present allocation of educational services is related to
earlier patterns, access to education is measured by the distance in kilome-
ters to the nearest secondary school and by a dummy if the localidad has no
secondary school. These data come from the community model of the NFPS.
Each of these measures is expected to be associated with being older at men-
arche.

" Physicians include only those individuals who have completed their medical training and
been licensed. Students undertaking their social service are not counted.
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The empirical results suggest that, as hypothesized, the public service
and housing variables are significant in the regression of age at menarche
(Table 2.4). The largest and most significant effect is associated with the
presence of sanitary facilities and the proportion of the population living in
dwellings with an earthen floor. The marginal impact of overcrowding and
running water is insignificant. Of particular interest are the findings that
the personal health service variables have almost no significant impact. Only
the variable for physicians is significant at the 10 percent level in rural areas.
The sign, as hypothesized, is negative. The variables measuring the average
level of education in the community are also generally insignificant. One
surprising result is the negative, significant coefficient on illiteracy in urban
areas. This could be related to multicollinearity. The measure of distance to
the nearest secondary school is positive and significant in the rural equa-
tion. The rest of the measures are generally insignificant.

Based on the results of the F-tests reported at the bottom of the table,
the instrument set is jointly significant for the regression on the full sample,
on the rural subsample, and on the urban subsample. Further, the public
service and housing variables are also jointly significant in each of the re-
gressions. The group of personal health service variables is much weaker
and is significant at the 11 percent level only for the full sample. The educa-
tional capital variables are also weak, although they are jointly significant at
the 4 percent level for the full sample.

The coefficients on the control variables support the descriptive re-
sults presented in the first section. Education and especially age are also
important determinants of menarche. Coincident with the descriptive re-
sults, age at menarche decreases with rising levels of education and occurs
earlier among younger cohorts. It is somewhat challenging to interpret the
role of the education variable since menarche and secondary school are likely
to be coincident. It is probable that this variable is measuring issues related
to the educational capital of the family in which the women grew up. Fur-
ther, the fact that all of the education variables, both at the level of the woman
and the community, are only significant in the urban areas may be related to
differential migration. It is probable that more-educated women are more
likely to move from rural to urban areas.

The age variable is presented using a quadratic specification in order
to approximate more closely the specification used later, in the wage equa-
tion. While each term in the quadratic specification is insignificant, the Wald
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Table 2.4 Determinants of Age at Menarche by Residence

Variables and Statistics All Urban Rural
Community-level policy variables (instrumental variables)
Public Services and Quality of Housing
Earthen floors {percent* 100) 0.473 361 1233 4.04 0297 202
No toilet or drainage facilities (percent*100) 0.404 350 0630 242 0397 298
Overcrowded housing (percent*100) 0.150 057 0343 079 -0.023 0.07
Without running water (percent*100) 0.028 037 -0.326 1.58 0074 068
Personal Health Services
Distance to health center (km)? 0.091 035 0125 048
- Health center distance missing® -0.087 215 -0.087 1.90
Physicians per capita (*100) -0.288 161 -0264 063 -0368 1.76
Presence of community heafth worker 0.037 1.03 0.029 0.77
Educational Capital
Incomplete primary education (%) -0.167 071 -0.39% 090 -0343 1771
Hliterate (%) -0.284 108 -1428 304 0316 097
Distance to secondary school (km) 0.148 1.44 0.195 1.85
- School distance missing® -0.048 1.07 -0.046 1.00
No secondary school -0.096 1.56 -0.083 1.35
Other human capital variables
Education (years*100) -0.122 318 -D.247 456 0.012 0.21
Age (years*100) -0.147 0.16 0.172 0.12 -0.159 0.13
Age?(years*100) 0.014 104 0005 024 0018 1.06
Controls for ethnicity and residence
Nen-Spanish-speaking (%) -0.038 0.37 -0.071  0.65
- Non-Spanish share missing® -0.447 4.24 -0.464 4.30
Altitude (1,000 meters) 0.009 092 -0015 055 0.008 072
- Altitude missing values -0.096 097 -0.142 130
Rural 0250 435
Oversampled states* 0.126 248 0137 1.95 0129 1.68
Distance to market (km*100) -0.372 297 -0.318 239
- Market distance missing® 0292 2.50 0323 276
Constant 12.659 60.93 12.796 3741 12903 47.33
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Table 2.4 (continued)

Variables and Statistics All Urban Rural
F-statistic 15.160 11.870 7.530
R2 ¢.030 0.030 0.030
N 10,831 4,459 6,372

Wald test of joint significance?

All community-level policy variables 9.260(0.00, 13) 7.800(0.00, 7) 5.7700.00, 13)
Public service and quality-

of-housing variables §.77G(0.00, 4) 6.460(0.00,4) 4.890(0.00, 4)
Personal health service variables 1.910(0.12, 4) 0.400(0.53, 1) 1.680(C.15,4)
Educational capital variables 2.390(0.04,5) 6.810(0.00,2) 1.710(0.13, 5)
Age and age? 16.630 (0.00, 2) 2.710(0.07, 2) 17.960 (0.00, 2)

Notes. The dependent variable is age at menarche. The sample is women aged 18 to 54 who reported
age at menarche between ages 10 and 17. Coefficients reported from OLS regressions with absolute t-
values in italics.

a/ For nearest nonprivate health center; urban areas were counted as 0 km. See text for additional
explanation.

b/ Apptlies only to rural areas since the variable is assumed to be 0 for urban areas.

«/ Oversampled states: Chiapas, Estado de México, Guanajuato, Guerrero, Hidalgo, Michoacén, Oaxaca,
Puebla, and Veracruz.

d/ Wald test of joint significance, F-statistic with probability at 10 percent significance and degrees of
freedom in parenthesis.

tests of joint significance show that age is an important determinant of men-
arche. The linear specification (not presented in the table) suggests that an
increase of one year in age is associated with an increase of one month in the
age at menarche for the complete sample. The effect is larger and more sig-
nificant in the rural areas, reaching approximately 1.5 months per year. In
the urban areas, the effect is only one-half month.

The regression results for the control variables for ethnicity and resi-
dence also reinforce the descriptive results. Age at menarche occurs at an
older age in rural areas and in the oversampled, poorer states. The variable
for distance to the nearest market is negative and significant, again suggest-
ing that more-urbanized areas have younger ages of menarche. Furthermore,
ease of contact with other populations and with a flow of goods and services
may reflect both higher incomes and better access to health care services.
Finally, the term for the missing values on the variable for the proportion of
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the population that does not speak Spanish is negative and significant. This
is likely to reflect the fact that the information is missing for a few larger
municipalities that are registered in the NFPS as localidades yet are regis-
tered with much larger populations in other sources.

The findings of this section underscore the importance a variety of
individual factors have in explaining the evolution in age at menarche. There
is a strong, positive association with the age of the woman, rural residence,
and residence in a poorer state. This 1s likely to reflect the important im-
provements in nutritional and health status that have occurred over time
and with economic development. Further, the community-level variables as
a group have a significant impact on age at menarche. Personal health ser-
vices have a negligible impact, while public services and housing are the
dominant determinants.

Health and the Determinants of Wages

This section estimates the impact on wages of investment in women’s health
and nutrition by using variation in the age at menarche as the proxy for health
and nutrition. While earlier sections developed arguments to support the
existence of an important link among childhood and adolescent nutritional
status, labor market productivity, and age at menarche, the functional form
of the associations is unclear. While there may be a linear relationship be-
tween wages and menarche, it is also possible that this linkage involves re-
turns to scale or is mediated by complementarity between health and
education. Given this potentially nonlinear relationship, this section explores
a variety of specifications for the menarche variable in the wage equation. In
particular, the regressions are run using a linear, a logarithmic, a quadratic,
and an interaction-with-education specification for the menarche variable.

The results of the instrumental variable estimates of the impact of age
at menarche on the wage equations for the full sample are given in Table 2.5.
As a point of reference, the OLS result is given for the double logarithmic
specification, and the menarche variable is insignificant.!? This, contrasted

20Other OLS regressions were also run, although they are not reported. The relationship be-
tween menarche and wages is negative and significant in a simple OLS regression with no
other control variables. Adding education and experience to the human capital equation re-
duces the impact of menarche and renders the coefficient statistically insignificant.
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with the significant results for the instrumental variable regressions, sug-
gests the presence of downward attenuation bias due to errors of measure-
ment.

The first column of the instrumental variable regressions refers to the
double logarithmic, the second to the linear, and the third to the quadratic
specification of the functional relationship between menarche and wages.
The fourth column presents the results, including a linear term for menarche
and an interaction term with years of education. The final column includes
both a quadratic specification of the menarche variable and the education
interaction term.

The effect of age at menarche, in both the double (column I) and the
semilogarithmic specifications (column II), is negative and significant. The
quadratic function (column III) also shows an inverse relationship between
menarche and wages. Further, the three functions give very similar results in
terms of the marginal impact of menarche on wages. The coefficients in the
semilogarithmic equation indicate that a decrease of one year in the age at
menarche is associated with an increase of 26 percent in hourly wages. The
results of the double logarithmic specification suggest that a fall of 1 percent
in menarcheal age results in an increase of 3.5 percent in wages. This figure
is very similar to the coefficient for the linear specification in that a decline
of one year in menarcheal age, equivalent to a change of 7.6 percent from
the mean of 13.2 years, results in an increase of 27 percent in wages. Further,
the quadratic specification suggests that a change of one year in menarcheal
age is associated with a 26 percent difference in wages from the level at the
mean age of menarche.

The last two specifications of the wage function include the interac-
tion of age at menarche with years of schooling. The instrument set re-
mains the same, and the linear term on years of education is treated as
exogenous, while the menarche variable and the interaction term are treated
as endogenous. The interaction term is added under the hypothesis that
improvements in nutrition and health may operate through the individual’s
capacity to obtain educational capital (Moock and Leslie, 1986). The re-
sults of introducing this term are much weaker (columns IV and V, Table
2.5). The menarche variable retains its negative sign and significance in both
the semilogarithmic (column IV) and in the quadratic specifications (col-
umn V). The magnitude of the coefficient increases with the addition of the
interaction term in the semilogarithmic case, yet the coefficients for the
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quadratic are similar to column III without the interaction term. The coef-
ficients on the interaction term are insignificant. Further, the coefficient on
the exogenous years-of-education variable becomes insignificant. These re-
sults may reflect the need to treat both education and menarche as endog-
enous, as well as to use additional variables to measure health inputs. Neither
of these techniques is feasible with the existing data set.

The results for the other variables in the regressions are consistent with
human capital theory. The experience terms display increasing returns to
scale in all of the regressions. The returns to education vary between 12
percent and 13 percent. The insignificance of the rural and the oversampled-
state dummies is surprising given the results of the first stage of the regres-
sion. Still, this may be due to differential rural-to-urban migration or to the
special characteristics of the sample of the NFPS. When the regressions are
repeated on the urban and rural samples separately, the impact of menarche
is stronger for the urban areas (not shown). Given that the urban areas and
the more urbanized states are underrepresented in the sample, it is possible
that these types of differences are understated. It is also possible that the
other independent variables explain a large part of the rural-urban differ-
ences in wages.

The Hausman tests are generally significant and reject the hypothesis
of exogeneity. This is a particularly strong finding given that Hausman tests
may be indecisive if the OLS estimates are imprecise, or if the instrumental
variables do not explain a significant portion of the variance in the endog-
enous variable of interest (Staiger and Stock, 1997; Murrugarra and Valdivia,
1999; Thomas and Strauss, 1997). Still, the overidentification tests reject the
equality of coefficients, suggesting some misspecification of the instrumen-
tal variables.

Although the set of instruments is jointly significant even for the re-
stricted sample of positive wage earners, it is important to highlight the limi-
tations of these variables. First, the explanatory power of the overall regression
is very low. While this is not unusual in estimates of health production func-
tions (e.g., Schultz and Tansel, 1997), it is worrisome. Studies on the validity
of instrumental variable estimation with weak instruments suggest that re-
sults may be biased (Bound et al., 1995). Furthermore the available instru-
ments for this study are all indicators of community-level factors and refer
to current conditions. In the absence of information on migratory histories,
it is impossible to analyze how closely the result is correlated with the condi-
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tions in the place where, and at the time when, the woman was growing up.
Given these considerations, the robustness of the findings are tested by re-
peating the analysis using a variety of instrument sets, including state-level
fixed effects, information on the mother for a subset of the women under
study, and restriction of the sample to younger cohorts. The results of these
robustness tests are summarized below.

The sign of the menarche variable is quite robust to varying the instru-
ment set, although the magnitude of the impact of menarche on wages in-
creases when the number of instruments is reduced. These results are
presented for the double logarithmic specification in Table 2.6. Further, com-
paring the differences in the strength and magnitude of the coefficient un-
derscores the unimportance of the personal health service variables (line 3)
and the contrasting importance of the public service and housing variables
(line 2) as determinants of age at menarche. This coincides with the findings
from the estimates of the health production function presented in the previ-
ous section. Limiting the instruments to the four public-service and hous-
ing variables (line 2), the effect of a 1 percent increase in age at menarche
increases to 6.4 percent. The effect is 6.5 percent if only earthen flooring and
drainage facilities are used as instruments (line 5). Including personal health
services and educational capital, the effect is 4.7 percent (line 10).

The results of the quadratic specification are also robust to varying
the instrument set, although they are much more sensitive than in the case
of the linear or logarithmic specification. Specifically, the coefficients lose
individual significance with the exclusion of a large number of the instru-
ments. They are robust in terms of significance and magnitude to the exclu-
sion of any part of the instrument set other than the educational access and
capital variables, as well as to dividing the sample between rural and urban
areas.

To test the robustness of the instrumental variable wage equation, a
full set of state dummies was added to the equations.!? This latter specifica-
tion provides a test for the validity of the instrumental variable instruments.
Although the full set of dummies absorbs a substantial degree of the geo-
graphic variation that is not attributable to the accessibility of health ser-
vices and to local levels of education, the coefficient on the menarche variable
is stable in sign, magnitude, and significance.

13See Table 9 in Knaul (1999).
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Table 2.6 Impact of a One-Percent Increase in Menarche on Hourly Wages
by instrument Set

Instrument Set Coefficient of menarche t-statistic
1. Complete set -3.52 -2.44

2. Public Services and Housing Quality -6.36 -3.25

3. Personal Health Services -1.68 -0.36
4. Education Level and Educational Services -5.63 -2.53

5. Public Services and Housing Quality

(including only flooring and drainage) -6.53 -3.17

6. Public Services and Housing Quality

(including only flooring) -8.42 -3.33
7. Public Services and Housing Quality

(including only drainage) -4.65 -2.18
8. Public Services and Housing Quality and

Education Level and Educational Services -3.75 -2.50
9. Public Services and Housing Quality and

Personal Health Services -5.61 -3.16

10. Personal Health and Education Level and
Educational Services -4.67 ~2.35

Notes: The model is identical to column 1} of the instrumental variable estimates presented in Table 2.5,
with the exception of the variation in the instrument set. The dependent variable is the natural
logarithm of hourly wages. Menarche is also presented as the natural logarithm. Unless noted
otherwise, all instruments in the given category are used.

To further test the strength of the model, both the analysis of the de-
terminants of age at menarche and the wage equations were repeated for the
sample of women who live with their mothers. For this small sample, it is
possible to identify education of the mother and, for the further-reduced
sample of those whose mother is aged between 15 and 54, to identify her age
at menarche. While these are very select groups, the analysis provides addi-
tional insight into the importance of both family-level genetic and socio-
economic determinants of age at menarche. The sign and significance of the
menarche variable is robust to this respecification.*

14 These results are available from the author.
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The analysis was also repeated for the restricted sample of younger
cohorts. This provides a strategy for testing the sensitivity of the results to
issues related to differential migration. In particular these regressions pro-
vide insight into the importance of using instruments based on current con-
ditions at the community level, which are likely to differ from the situations
experienced by the women under study when they were children and ado-
lescents. Furthermore since the probability of migration increases over time,
it is also more likely that younger cohorts reside in the place where they
experienced puberty. The results of the wage regressions are very stable both
to restricting the sample to women aged 44 and younger, as well as to a
further reduction to include only women between the ages of 18 and 30.
The signs, magnitudes, and levels of significance of the impact of menarche
on wages are similar to the results for the complete sample. This is true for
all five specifications of the instrumental variable wage regression and for
both age groups. Considering the quadratic specification for example, the
coefficients are ~9.9 (t-statistic = 2.4) and .36 (t-statistic = 2.3), and —8.9 (t-
statistic = 2.5) and .33 {t-statistic = 2.5) for women aged 18 to 44 and aged
18 to 30, respectively.

The findings of this section support the hypothesized relationship be-
tween investments in health and nutrition (as measured through age at
menarche) and labor market productivity. The finding of higher wages
among women who are younger at menarche is robust to the inclusion of a
number of control variables as well as to changes in functional form and in
the instrument set.

Conclusions

Age at menarche can be used to estimate labor market returns to childhood
investments in health and nutrition. Measurement error combined with si-
multaneity, however, demonstrate the need to use instrumental variable tech-
niques when estimating such wage functions.

The retrospective recall data available for this study show that average
age at menarche has been decreasing in Mexico over the past 40 to 50 years.
The decline has been somewhat slower than in developed countries. Fac-
tors associated with this decline include urbanization, increased levels of
education, and improved living conditions. In particular, variables that
measure access to public services and the quality of housing appear to have



70 FELICIA MARIE KNAUL

an important impact. The proportion of the community with earthen floor-
ing in their homes and the proportion that lack toilet or drainage facilities
are particularly strong correlates of menarche. Access to personal health
services appears to have little marginal impact on the age at menarche.

The findings reported in this chapter suggest that nutrition and cu-
mulative health status, as measured by age at menarche, have a significant
effect on the labor market productivity of Mexican women. Younger ages of
menarche are associated with higher wages. The overall effect is masked in
an OLS wage equation due to the errors of recall, rounding by year, and
misreporting of the variable. The instrumental errors-in-variables model
suggests that a decline of one year in menarche is associated with an in-
crease of 26 percent in wages. This figure is consistent using a double loga-
rithmic, semilogarithmic, or quadratic specification of the menarche variable,

Future research should use other data sets to include additional hu-
man capital inputs. It will also be interesting to broaden the conceptualization
of female health by considering additional measures of health and nutri-
tion. These should be compared and combined with age at menarche. Fur-
ther, it will be important to include more information on the place of origin
and migration patterns of the women in order to better identify the impact
that health, education, and other public services, as well as poverty and liv-
ing conditions, during infancy and childhood have on adult health outcomes.

The results of this chapter support the importance of investing in health
and early nutrition, particularly through better sanitation and housing con-
ditions, in order to improve individual and family well-being and to reduce
poverty. Health has an important impact independent of education as an
investment in human capital. Furthermore, the findings suggest that for the
purposes of economic analysis, age at menarche should be considered a
complement to adult height as a measure of secular changes in the health
and nutritional condition of women.



CHAPTER 3

Elderly Health and
Salaries in the Mexican
Labor Market

Susan W. Parker'

This chapter investigates the determinants of health among the elderly in Mexico,
and how health indicators are related to earnings in the labor market. In ana-
lyzing determinants, several different measures of health status are considered
in order to gauge the impact on income. The results show that health indicators
have a strong negative effect on wages for elderly male workers. The lowest esti-
mates demonstrate that poor health reduces hourly earnings by 58 percent. These
are sizable effects, particularly in a developing country that does not have a
universal social security system, suggesting that many elderly individuals may
continue working whether or not their health status makes it advisable to do so.
Poor health also may prevent others from working and thereby contribute to
high poverty rates among the elderly.

Introduction

One of the most important public policy issues in developed and develop-
ing countries is the aging of the population. Complex issues are involved
that affect public policy, pension systems, and the demographics of the la-
bor force. From the public policy perspective, government needs to under-
stand how and why health costs will change. Pension systems must be assessed

! Dr. Susan W, Parker 1s Advisor to the National Coordinator of the Program for Education,
Health, and Nutrition (PROGRESA), Secretary of Social Development, Mexico.
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to see if the current structure will remain financially viable and whether
pension levels will be sufficient to meet beneficiary needs. Ironically, viabil-
ity may be unintentionally undermined if pension systems promote early
retirement and create a shortage in the labor force generating revenue to
support the system.

All these larger public policy questions require an understanding of
how individuals behave as they confront the aging process. From the
individual’s perspective, aging may raise questions about health and its ef-
fect on daily activities, how to care for oneself in the event of illness, and
how to pay for its costs. Decisions about when or whether to retire may
hinge on the need to support one’s family, one’s physical ability to continue
working, and how the pension system does or does not reward previous
years of participation.

In developing countries and for the poor, these questions become even
more pressing. Many developing countries have no social security systems,
or limited coverage that applies only to workers in the formal sector and
provides pension levels insufficient to finance retirement. The lack of secu-
rity plus high rates of poverty imply that the elderly participate in the labor
force at much higher rates and for longer periods of time than in developed
countries, even though the population generally has poorer health and a
much lower life expectancy {World Bank, 1994a).

In spite of the importance of these issues, there is a very small litera-
ture on elderly health, labor force participation, and retirement in devel-
oping countries. This chapter uses a recent data set—the Mexican National
Aging Survey of 1994, which contains detailed self-reported indicators of
health as well as labor market information—to evaluate how these factors
may be interrelated and assess the impact on the income of elderly work-
ers. This study applies recently developed models from the new literature
that has developed on the importance of health as a human capital invest-
ment and therefore as an important determinant of wages and economic
growth (Fogel, 1994). Empirical estimation of these models has focused
on the possible endogeneity of health to productivity and wages (Schultz,
1997; Thomas and Strauss, 1997). They emphasize that health indicators
may be endogenous and/or subject to measurement error, which would
reduce the estimated impact of health on wages. This justifies the use of
an instrumental variables technique to measure the effect of health on
wages.
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This chapter also puts substantial emphasis on the determinants of
elderly health. There have been few studies on adult health status in devel-
oping countries, and it is not clear that studies on developed countries nec-
essarily apply, given the differences in context. Existing health studies in
developing countries have tended to focus on the health and nutrition of
children. Nevertheless it has been shown that the relationship between child
and adult mortality is not particularly close in many developing countries
(Phillips et. al, 1993), which justifies the study of adult health on its own.
Because the population share of older people is growing in most developing
countries at a much faster pace than in developed countries, Smith (1994)
comments that “aging and health are the emerging policy issues in the Third
World”

Mexico provides an interesting case study for aging. While still a rela-
tively young country, it is beginning the process of rapid aging. Whereas the
population growth rate for children is effectively 0 percent and is now about
2 percent and declining for the working age population, the elderly popula-
tion is growing at a rate of 4 percent annually. These trends imply that by the
year 2030, the elderly population will quadruple in size.

The following sections explore what this will mean for Mexico. Dis-
cussion opens with a descriptive summary of labor force participation and
health status of the elderly in Mexico. This is followed by an overview of
some relevant literature on aging, health, wages, and labor supply. Third,
the theoretical model and the data used for the analysis in this chapter are
characterized more fully. Findings regarding the determinants of elderly
health status are then presented, followed by the instrumental variable esti-
mation of the impacts of elderly health on wages. The closing section dis-
cusses the implications of the results and offers suggestions for focusing future
research.

Aging and Health in Mexico

This section examines recent trends in aging and health in Mexico, then
briefly discusses the current state of the country’s health systems. Table 3.1
shows the dramatic increases in life expectancy and declines in infant mor-
tality that have occurred since 1950. Education levels and other indicators
of development, such as the percentage of households with running water,
have shown similar rises. The Mexican economy grew steadily between 1940
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and 1980, with the gross national product more than tripling. The table sug-
gests health and economic growth are highly correlated, although health
conditions continued to improve in the 1980s despite low economic growth.

Table 3.2 shows life expectancy in Mexico since 1930. The climb in life
expectancy during the past half century has been matched by steep declines
in mortality rates. A man or a woman born in 1930 could expect to live 35.5
or 37 years, respectively (Gomez de Leon and Parker, 1998). By 1995 the
figures had doubled. Most of the improvement can be attributed to the de-
cline in mortality rates—from 26 deaths per 1,000 inhabitants in 1930 to 4.4
per 1,000 in 1995.2

Yet despite the substantial progress, these indicators still lag behind
what might be expected given Mexico’s level of per capita income. From
that perspective Mexico fairs slightly worse in life expectancy than other
Latin American countries, and Latin America itself fairs worse on average
than other regions (Inter-American Development Bank, 1996).

While still a relatively young country, Mexico’s elderly population is
expected to grow at an increasing rate. Individuals 65 and older represented
4.2 percent of the population in 1990, a proportion expected to almost double
to 7.3 percent by the year 2020 (INEGI, 1993).

Participation by elderly men in the labor market is relatively high in
Mexico (43.5 percent of those over 65 worked in 1994 while only 15 percent
of male seniors in the United States did). Although the rate for women is
quite low, this is not surprising since female labor force participation in
Mexico is far below the levels in more-developed countries.

As in many other countries, labor force participation by the elderly in
Mexico has been decreasing over time. The rate for men aged 60 and over
fell from 72.1 percent in 1970 to 53.3 percent in 1990. The rate for women
fell from 12.6 percent to 6.7 percent® (INEGI, 1993).

2 This is relevant to the analysis in this chapter since the individuals in the data sample were at
least 60 years old at the tirne of the survey (that is, they were born in 1934 or earlier). This
means that most of them have lived to twice the age of their life expectancy at birth, which
indicates a strong sample selection effect. See Strauss et al. (1993) for an analysis of how selec-
tion by death—that is, the likelihood that the least healthy will die earlie—may affect the
estimated determinants of health in a population.

3 The fall in elderly female labor force participation is particularly notable since the percent-
age of workingwomen increased tremendously, rising from 17 percent to 30 percent between
1970 and 1993 (Gregory, 1986; and INEGI, 1993).
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Table 3.1 Measures of Health and Well-Being in Mexico, 1950-1990

Indicator 1950 1960 1970 1980 1990
Infant mortality rate 96.2 742 68.5 389 239
per 1,000 registered births
Life expectancy (years) 49.6 59.0 62.0 66.2 69.6
For men 48.1 57.6 60.0 63.2 66.4
For women 51.0 60.3 63.9 69.4 731
Literacy rate (%) 56.8 66.5 76.3 83.0 87.6
For men 60.4 70.5 79.5 86.2 90.3
for women 534 62.7 73.1 79.9 85.0
Households with water (%) 61.0 70.7 794
Households with sewerage (%) 415 51.0 63.6
Households with electricity (%) 58.9 74.8 87.5
Per capita GNP (1980 dollars) 1,408 1,547 2,180 2,096 2,708

Sources: Secretaria de Salud, Compendio historico de estadisticas vitales, 1893-1993; Nacional
Financiera, La economia Mexicana en Cifras 1990, and INEGI, Estadisticas Historicas 1993.

a/ Figures for 1950-1970 include individuals 10 years and older; 1980~1990 figures include individuals
15 years and older.

As Table 3.1 demonstrates, overall health in Mexico has been improv-
ing sharply. Yet these improvements are not distributed equally between
poorer and richer groups. Incidence of acute diseases is highest among the
poorest subgroups of the population (Lozano et al., 1993), which tend to be
rural; reside in shoddy, overcrowded dwellings; and have heads of house-
holds with little schooling. The main causes of death among the rural poor
are infections and malnutrition, while injuries and chronic and degenera-
tive diseases are the most common causes of death among the wealthier
urban population (National Academy of Medicine, 1993).

The health care system in Mexico is oriented toward the public sector.
Although the underlying philosophy is that the government should protect
all individuals and households, coverage is provided through a patchwork
of programs of uneven quality. Some public health care institutions are geared
for people working outside the formal economy and the uninsured. These
include the Ministry of Health (SSA), the National Institutes of Health, the
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Table 3.2 Cross-Sectional Life Expectancy for Selected Years, 1930-2050

Total
Year Male Female
1930 355 37.0
1943 41.5 438
1956 534 56.6
1995 713 759
2000 731 77.6
2020 78.4 823
2050 82.0 85.4

Source: Gémez de Leon and Parker {1938).

Solidarity Program of the Social Security System (IMSS), the National Sys-
tem for Integral Family Development (DIF), and the Health Services of the
Federal District Department (DDF). The public sector also runs several so-
cial security systems for those inside the formal economy. These include the
IMSS, the Institute of Social Security and Services for State Workers (ISSSTE),
the Armed Forces Social Security (ISSEAM), the Mexican Oil Workers social
security system run by the national petroleum industry PEMEX, as well as
other health services for state and federal government employees.

Despite the prominent role played by government, private services are
available. The private sector includes a variety of medical practitioners and
institutions providing a range of traditional and alternative medical services
through mobile units, hospitals and clinics, and private practices. Expenses
are covered by out-of-pocket payments from patients and by private health
insurance plans. In 1995 almost half the population was covered by a public
social security institution, 40 percent by institutions for the uninsured, 5
percent used private services, and 11 percent had no access to the health
system’s facilities (Secretaria de Salud, 1994).4

* Editors note: Yet these figures can be misleading since Mexicans covered by public insurance
frequently use private services, partially explaining why some 40 percent of health spending is
in the private sector.
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Studies of Elderly Health and Productivity

Before discussing the specifics of this study of the impact of health on wages
among the elderly in Mexico, it is useful to review other relevant studies that
provided contextual information for assessing the challenge and shaping
the analytical model and its application to the available data sets.

The Elderly in the Labor Market

Labor market participation among the elderly varies enormously by coun-
try and culture. Clark and Anker (1993) analyze the rates in 151 nations,
concluding that participation by individuals 55 and older is much higher in
developing countries, including Latin America, than in more-developed
countries. The differences are particularly large for men, as might be ex-
pected given that some developing countries lack social security systems,
and even those that have systems provide less-comprehensive coverage with
generally lower pension levels, making it more likely that individuals will
need to work later in life.

Few studies have analyzed the wage profiles of the elderly; in fact most
studies of wages exclude the elderly from their design. An exception comes
from Johnson and Neumark (1996) who examine the relationship between
aging and wages for older men in the United States. Their research tests the
human capital theory developed by Becker that postulates depreciation in
human capital with advancing age, thereby resulting in declines in produc-
tivity and wages. The study showed wage declines seemed to begin for workers
in their 60s, but the authors stress that this may be related to interactions
with social security. That is, workers shift from full-time to part-time work
when they start to receive benefits, and this results in lower reported wages.
The authors emphasize that the sample of workers ineligible for social secu-
rity demonstrates even weaker evidence that wages decline at older ages.

Posner (1995) emphasizes that productivity profiles for the elderly dif-
fer, depending on their occupations. Profiles vary across occupations by the
age of peak earnings and whether or not that peak is sustained. For instance,
occupations such as painting are characterized by early but sustained peaks,
whereas corporate managers have late peaks that are not sustained. Posner
claims that most studies of the issue of age and productivity find no age-
related declines. A partial explanation is attributed to the fact that jobs usu-
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ally tap only a portion of an individual’s physical and mental capabilities.
Therefore, Posner says, “it may be many years before the ... [worker’s] ability
to do his job declines to a point at which he either cannot do it at all or
cannot do it without a costly (to him) increment of effort. Until that point is
reached, he may be able to compensate for diminution in occupationally
relevant capabilities with small increases in effort.” He adds that the elderly
are less likely to change jobs and may be more careful on the job since they
are aware that leaving could be very costly in terms of accrued benefits (such
as pensions) and that alternative employment is harder to find at older ages.

For elderly individuals, the decision to work is generally considered to
be the same as a decision not to retire. Yet retirement is notoriously difficult
to define and is likely to be a more ambiguous concept in a country such as
Mexico where a very low percentage of the population receives a social secu-
rity pension. In the elderly sample for this case study, for instance, only 12
percent reported receiving a pension, and a large fraction remain outside
social security.” Additionally, a significant percentage of those receiving pen-
sions (18 percent as compared with 30 percent of those without pensions)
reported working in the previous week, indicating that retirement is not an
all or nothing condition.

There is a large literature estimating the impacts of health on work
and retirement decisions of the elderly in the United States and other devel-
oped countries, although fewer studies analyze the impact of health on wages.
Most of these studies find that health status is a significant predictor of re-
tirement. Many of the earlier studies assumed that health was exogenous to
retirement decisions, and simply included a measure of individual health
on the right-hand side of the model. More recent studies (Bound, 1992; and
Stern, 1989) have considered health to be potentially endogenous to labor
supply and have proposed corrective models. Studies have also discussed
potential problems with self-assessed health indicators because individuals
may be more likely to report health reasons as their motivation for retiring
than other more-stigmatized reasons. Even worse, many self-assessed indi-
cators of health are measured in terms of the ability to work, which clearly
make them endogenous to a labor supply model.

5 The recent reform in pensions at the Mexican Social Security Institute (IMSS) should even-
tually increase the percentage of individuals with pensions.
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The theoretical impact of health on work and retirement decisions is,
in general, ambiguous. Increases in health status may be expected to in-
crease potential wage offers, but the income and substitution effects of this
increase will work in opposite directions. Income effects will tend to reduce
the amount of labor supply, while substitution effects will tend to increase
it. Nevertheless, good health may have its own effect, independent of wages,
which would be expected to increase the labor supply of individuals.

The focus in the analysis that follows will be more on the relationship
between health and wages than on health and labor supply. The case study
hypothesizes that sample selection may be an important factor in the accu-
racy of that analysis because the elderly who work may not be a representa-
tive sample of all elderly Mexicans. Consequently wage equation estimations
would be biased unless a correction is included. Therefore the labor force
participation decisions of the elderly are analyzed in order to correct for
potential selection bias.

Measures of Health in Older Individuals

The success of the study depends critically on the extent to which the vari-
ables used to measure health status actually reflect the health of the indi-
vidual. There is a fairly extensive epidemiological literature measuring health
among the elderly population in developed countries, particularly in the
United States. Much of it emphasizes Activities of Daily Living (ADL) as an
indicator of health status. For example Dunlop et al. (1997} analyze mea-
sures of disability and physical functioning among the elderly in order to
define a hierarchy of disabilities that set in with old age. The authors argue
that a person’s ability to perform basic tasks of daily living is an indicator of
morbidity and a significant predictor of health service use. The study also
concludes that while women live longer than men do, they spend more time
disabled. Clark (1997) measures chronic disability in his study of whites and
blacks in the United States, defining it as the inability to perform one of six
activities of daily living for at least three months without assistance. While
these indicators appear to be widely accepted in the United States and other
developing countries as measures of elderly health, there is little evidence
about their validity in developing countries.®

5 An exception is Strauss et al. (1993).
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Another set of indicators is derived by asking respondents to evaluate
their own health. These indicators have in some cases been shown to be
more accurate predictors of mortality than clinical examinations (Schultz
and Tansel, 1997). In the literature on labor supply and retirement, substan-
tial disagreement exists about whether self-reported health measures pro-
duce more-accurate estimates of the impact of health on labor supply than
do more-objective measures of health (Bound, 1992). The main concern is
that self-reported indicators of health may be biased if individuals who do
not work are more likely to report health problems. This may occur if an
individual feels that ill health is the only socially acceptable reason for being
retired, or if the person believes some financial penalty may come from not
declaring a current impairment when prior disability was used as the grounds
to qualify for early retirement benefits.”

Schultz and Tansel (1997) propose an alternative measure of adult
health within the context of two developing countries in Africa. Using the
number of days disabled as an indicator of morbidity to estimate the impact
of health on wages and labor supply, they report an important significant
negative effect of health both on wages and labor supply.

All of these health indicators will be used here to sharpen the analy-
sis by comparing how age results vary or not, depending on the choice of
indicator. If all the health indicators show consistent results, it will suggest
that some common element of the individual’s health status is being mea-
sured.

Theoretical and Empirical Framework

The model that is used here incorporates health production and produc-
tivity in an integrated human capital framework following Schultz (1996)
and Schultz and Tansel (1997). Cumulative health status is produced over
the individual’s lifetime and begins with parental and personal investments
in nutrition, disease-preventing interventions and practices, and in health-
conserving behaviors. These health inputs (HI) combine with heteroge-
neous endowments of the individual (G) that are unaffected by family or

7 This may be less of a problem in the Mexican case since all of the health questions in the
survey are asked under a separate section entitled “Health” and none are related explicitly to
work behavior of the elderly.
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individual behavior, to determine the individual’s camulative health status
(h*):

h*=h*(HI,G,e). [3.1]

Since health status is self-reported, it may differ from actual health
status by a measurement error (£), so that

H=h*+e¢ {3.2]

where £ is assumed to be a random variable uncorrelated with other deter-
minants of health.

Presumably, the individual maximizes a single-period utility function
over a lifetime that includes health, the nonhealth-related consumption
bundle, and annual time allocated to nonwage activities, subject to the bud-
get, time, and health production constraints.

The individual’s hourly wage (W, ) is a function of cumulative health
status (h*); other reproducible forms of human capital such as education,
experience, and migration (C); the vector of exogenous variables (X) that
are included additively; and other unobserved forms of human capital trans-
fers and genetic endowments (y):

W, =W,(h*,X,C,y). [3.3]

The econometric strategy addresses the possible endogeneity of health
status to wages. The wage function is identified by the exclusion of commu-
nity health variables (prices are not available), and the associated labor force
participation equation by the exclusion of family wealth (proxied by char-
acteristics of the home) and life cycle measures (number of living sons and
daughters, and marital status).

The health production function in equation [3.1] cannot be estimated
directly because many potentially relevant health inputs that have accumu-
lated over the course of a lifetime are unavailable, as well as the prices of
these inputs. Rather, reduced-form health equations are estimated with the
health status measures as the first stage of our wage estimations, as follows:

H=g+h0;+rP;+t [3.4]
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where O represents the vector of individual and family education, wealth,
and resource opportunities and P represents the vector of k community health
infrastructure variables for individual i.

The empirical specification of the wage equation is given as follows:

W=a+bH;+¢X,;+d,C,+, (3.5]

where H represents health status indicators; X represents the vector of exog-
enous endowments such as age and sex, which are not modified by the indi-
vidual or his/her family; and C represents the vector of reproducible forms
of human capital, including years of schooling and migration, that can be
increased by the investment of time and resources. As wages are only ob-
served when the elderly individual participates in the labor market, the prob-
ability of participating is estimated with a probit model, which is then used
to correct the wage equation [3.5].

There are at least two reasons why an instrumental variables approach
to health status measures and wages is necessary. First, health for the elderly
represents a lifetime of accumulated decisions and investments that are
jointly determined with their productivity. It is likely that previous earn-
ings and labor supply have affected the actual health status of the elderly.
Second, the problem of inaccurate and incorrect answers, which is present
in all surveys, may be even worse among the elderly, despite efforts at the
beginning of the interview to establish the individual’s capacity to answer
questions.

Two community variables are used to identify the impact of health on
wages in these estimations. The first variable is the number of hospital beds
per capita in the municipality where the elderly respondent resides. This
variable is expected to be positively related to health status. The second vari-
able used as an instrument is the percentage of households in the person’s
community of residence that have an earthen floor. This variable is associ-
ated with poverty and living conditions that are expected to have a negative
effect on health status.

Data and Definitions

The 1994 National Mexican Aging Survey provides the data for this analysis.
This nationally representative data set carried out interviews of households
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that included at least one member 60 years old or older. The questionnaire
generated information about health, economic, and sociodemographic char-
acteristics as well as support networks. The health information is particu-
larly useful for this analysis since it permits construction of a number of
different health indicators. The survey collected information on sick days,
hospital days, and accident days and also asked questions based on the ac-
tivities of daily living (ADL), self-reported health status measures (How
would you rate your health? How does it compare to other individuals your
age?), and disability measures. The total sample size was 5,159 individuals.
Analysis was limited to those between 60 and 79 years old, or a total of 4,358
persons. Missing-data problems excluded 100 of these, leaving 4,258 indi-
viduals for the regression analysis sample.

A principal problem for the analysis of wages is that the income vari-
able includes all sources, making it difficult to isolate wage income.® Fortu-
nately the survey design asks respondents about their primary source of
income for cost-of-living expenses, and then gives them the opportunity to
list as many as four additional sources of supplementary income. This makes
it possible to identify which workers have only labor income.’

For the analysis, three samples of individuals were considered. The
first is limited to all individuals who reported working in the past week and
defines their total income as their wage income, excluding all those who
reported no labor market earnings. The second sample includes only those
workers who reported labor market earnings as their primary source of in-
come. The third includes only workers who reported labor market earnings
as their sole income source.

All three samples suffer from potential bias, but the second sample is
the most reasonable for analysis. Consequently the results from the second
sample, comprised of workers who report wages as their principle source of
income, are featured in the sections that follow. These results may, however,
skew the results downward since the subsample is healthier than the sample
of all workers, making it more likely that one will find a lower impact of

8 The income question is phrased as follows: “;Contando todas las formas de ingreso que tiene,
me puede indicar por favor, en cuanto calcula sus ingresos mensuales?” (Including all sources
of income, how much would you calculate your monthly income to be?).

®For more details, including the wording of particular questions and the characteristics of
excluded observations, see Parker (1999).
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health on wages. The results therefore should be interpreted as conservative
estimates of the true effect.!”

An additional problem is that the National Aging Survey reports in-
come as a categorical variable (0 pesos, 0—500 pesos, 500-1000 pesos, etc.).
To gauge hourly wages for all workers, then, the midpoints of the income
categories are used to construct total earnings, which are then divided by
hours worked in the previous week.

The survey has sufficient information to consider a number of differ-
ent health indicators. After weighing the options, this research finally settled
on three categories of indicators for health in the elderly population:

¢ Disabled days. The total number of disabled days in the sample is
equal to the number of sick days, hospital days, and accident days
during the previous 180 days. Thought was given to excluding hos-
pital days since they may partly be determined by whether or not
hospitals exist in the area where the individual lives, therefore mak-
ing this measurement endogenous to the health indicators. It was
decided to include this measurement, however, because of the very
high correlation that exists among the three kinds of disabled days.
Since most of the sample reports no disabled days, a dummy vari-
able is used in the empirical analysis to represent whether or not
disabled days were incurred."

¢ Self-reported ordinal indicators of health. There are two such mea-
sures in the survey. The first measures how a respondent’s health
compares—on a scale of 1 to 5—to the health of other individuals
the same age. The second, also measured on a scale from 1 to 5,
indicates whether respondents consider their health to be very bad,
bad, all right, good, or very good. Since correlation between these
two variables is very high, only results from the first measure are
included here. For ease of exposition in the descriptive analysis, a
dummy variable set equal to 1 was also used for respondents who

1¢ Estimates for the third sample can be found in Parker (1999, Appendix B). The conclusions
are substantially the same, although the specific point estimates differ.
' 1t is important to note that most disabled-days indicators in other data sets are defined over
a much shorter reference period (for instance two weeks or a month).
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considered their health to be better or much better than individu-
als the same age, and 0 if otherwise. The five distinctive categories
were retained in the regression analysis, however.

¢ Functional limitations. This variable ranges from 0 to 4, defined as
the sum of the number of following activities that can only be per-
formed with difficulty or not at all: walking up stairs; walking at
least 300 meters; carrying a heavy object for 100 meters; or doing
light domestic tasks such as washing dishes, sweeping, cooking,
etc.”?

The survey also includes information on migration. Respondents were
asked how long they had lived in their present residence. More than 43 per-
cent replied, “Always.” This variable can be used to divide the sample into
“movers” and “stayers.” Migration is an important variable in this analysis
for at least two reasons. First, it can be considered a type of human capital
investment in and of itself. Second, it can be expected to affect some of the
critical variables used in the analysis. For example, the health service supply
variables for the place of current residence would be expected to be less
relevant to the portion of the population that had migrated from some-
where else.!’

In addition to the information available from the community segment
of the National Aging Survey, this research uses two sources of municipal-
ity-level information. First is the Indicadores Socioecondmicos e Indice de
Marginacién Municipal (Socioeconomic Indicators and Index of Margin-
alization at the Municipal Level) generated by the National Population Coun-
cil, or Consejo Nacional de Poblacién (1993). The Consejo, also known as
CONAPO, used results from the national population census of 1990 to de-
velop an indicator of socioeconomic exclusion for each of Mexico’s munici-
palities. This database records the percentage of inhabitants in each

12 This classification follows the one in Davis et al. (1997), which in turn was based on the
Nagi disability scale. In this classification, tasks are sorted in three groups of daily living activi-
ties (such as getting out of bed, getting dressed, etc.). See, also, Strauss et al. (1993) for similar
health measures used in Jamaica.

I* Unfortunately no information is available on where the elderly lived before their current
residence.
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municipality who are adult illiterates, are adults without a complete pri-
mary education, lack electricity in their homes, live in dwellings with earthen
floors, lack toilet and drainage facilities, are without running water, live in
overcrowded homes, reside in localidades with less than 5,000 people, and
earn less than twice the minimum salary per month. The second source of
information is a database jointly developed by researchers at the Colegio de
México, CONAPO, and Johns Hopkins University. Based on records of the
Secretariat of Health and the Mexican Social Security Institute, it includes
data on doctors, clinics, and hospitals of the Mexican health system at the
municipal level. The analysis in this chapter merges both of these data sets
with municipal level results from the Aging Survey.!?

Characteristics of Mexico’s Elderly

Table 3.3 shows the labor force participation rates of the elderly. The first
pair of columns for males and females measures overall labor force partici-
pation, whereas the second and third pairs represent subsamples of workers.
The table clearly shows that men participate much more in the labor force
than do women. A significant share of elderly Mexican men continue to
work well into their 80s. More than 22 percent report that they are still work-
ing, much higher than comparable figures for the United States and other
more-developed countries.

Only about one-third of elderly Mexicans report having been sick or
disabled within the last 180 days (see Figure 3.1). Of these, the sample is
fairly uniformly distributed between 1 and 180 days, although there is some
bunching at 1-10 disabled days and at 180. The histogram suggests it may
be inappropriate to assume that disabled days is a continuous variable. Thus
in the estimations below, a dummy variable indicator will be used to mea-
sure disabled days. The other health variables show better-behaved distri-
butions. All of the health status variables show that women tend to be less
healthy than men.

14 Because of coding problems, it was only possible to identify about half of the rural munici-
palities in the Aging Survey. For the other half, community-level indicators were developed
for each state using an average from all its municipalities in the sampling framework of the
Aging Survey. For 685 of the 4,358 individuals, an average of several (ranging from 2 to 10)
municipality characteristics was used for their community characteristics.
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Figure 3.1 Health Status Measures of the Elderly in Mexico
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Source: 1994 Mexican National Aging Survey.

Note: Possible functional limitations involve self-reported difficulty/inability in (1) walking upstairs, (2)
walking 300 meters, (3) carrying a heavy object, or (4) performing light domestic tasks.
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Figure 3.2 Health Indicators for Individuals Aged 60-79

Disabled Days
0.6 T
0.5
—
| B
0.4 P +
f“ » 7/ ° ~
0.3 — - P e S o
» ™~ " » bl
02 |- S 4
o
0.1
0 . . ‘
60-64 65-69 70-74 75-79
Comparative Health
06 |
|
05 |
04 | S
0.3 |
| &
0.2
0.1
0 v ; .
60-64 65-69 70-74 75-79
- Functional Limitations
L - il
TN T N R -
"
1.2
1 I =
0.8 e T -
0.6 L B = -
0.4 L — @ -
@ L -
0.2 . - ey
0 = . .
60-64 65-69 70-74 75-79

&— All Women --8-- Female Workers - =~ All Men @& Male Workers

Sources: 1994 Mexican National Aging Survey, and author's calculations. See Parker (1999) for more
details in Tables 4 and 5.

Notes: The following definitions apply. Disabled Days refers to whether a disabled day was incurred in the
last 180 days, including sick days, days spent in hospital, and days injured due to an accident. Comparative
Health is equal to 1 if respondent reported his/her health was better or much better than the health of
others one’s own age (otherwise = 0). Functional Limitations record the number of functional limitations,
from 0 to 4, including self-reported difficulty/inability in (a) walking upstairs, (b) walking 300 meters, ()
carrying a heavy object, or (d) performing light domestic tasks.



ELDERLY HEALTH AND SALARIES IN MEXICO 89

Table 3.3 Percent of Elderly Workers by Age, Gender, and Alternative
Measures of Work Status

Elderly workers Elderly workers

whose primary whose only

source of income  source of income
Age group All elderly workers is labor earnings® is labor earnings

Male Female Male Female Male Female

60-64 63.6 14.0 54.2 10.7 41.0 7.1
65-69 57.6 13.0 45.2 10.0 28.7 6.9
70~-74 44.5 1.3 34.4 8.8 234 5.4
75-79 40.2 3.4 27.9 1.5 19.0 0.7
80+ 22.5 4.2 17.4 33 12.3 2.6
N 1,990 2,268 1,990 2,268 1,990 2,268

Source: 1994 Mexican National Aging Survey.

a/ Sample used for main estimation models.

Looking at health status among the elderly by age demonstrates that
women, again, uniformly seem worse off than men in all cohorts (see Figure
3.2). As expected, all health status indicators worsen as the population ages.
However, the figure shows that elderly workers display better health status
than the overall elderly population since the rate of decline is lower. Health
status appears to be worse among female than among male workers, but the
very small sample size of working women makes any conclusion specula-
tive.

Since a main contribution of this study is the evaluation of several
different health indicators, it is of interest to know how correlated they are
among themselves and how correlated they are with the other potential hu-
man capital indicators of education and migration. Higher correlation among
the health status indicators would be reassuring since similar and consistent
results could indicate they are measuring from different vantage points an
“objective” and common health characteristic.

All three health indicators indeed are correlated significantly and have
the expected signs (see Table 3.4). Education levels are also very highly cor-
related with the health indicators. Perhaps surprisingly, migration does not
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Table 3.4 Correlation between Health and Other Human Capital Indicators

Disabled Better
days health Limits Migrated Educ.

Indicator (1) 2) (3) @ (5)
With disabled days (1) 1.000
Better or much better health than -0.253 1.000
others one’s own age (2) {0.000)
Number of functional limitations (3) 0.193 -0.167 1.000
(0.000) (0.000)
Migrated (4) 0.042 0.013 -0.004 1.000
(0.117) (0.659) (0.887)
Education level (5) -0.0802 0.203 -0.040 0.020 1.000
(0.028) (0.000) (0.167) (0.481)
N 1,098 1,098 1,098 1,098 1,098

Note: Figures are correlation coefficients, with significance level in parentheses. See Figure 3.2 for
sources, and definitions of disabled days, comparative health, and functional limitations.

appear to be especially correlated with health.!> Despite the significant cor-
relation among health measures, only one health indicator—the one based
on whether individuals report they are in better or much better health than
their peers—is significantly correlated with log wages (with a correlation
coefficient of 0.15 and significant at the 0.1 percent level). Log wages are
also significantly correlated with whether or not an individual has migrated
to his or her current residence and with educational level.!® Finally, the means
and standard deviations of the independent variables used in the analysis
can be found in Table 3.5.

15 Migration is coded as to whether or not an individual has always lived in the current resi-
dence. Approximately 44.3 percent of the sample reported having always done so. Another 37
percent reported having lived in their current house for 10 years or more. Unfortunately there
is no information on previous place of residence.

16 The specific correlation measures and significance levels can be found in Table 7 of Parker
(1999).
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Table 3.5 Means of Variables for Individuals Aged 60-79
{Standard Deviations)

All elderly individuals Elderly workers®

Variable Men Women Men Women

g

Age 65-69
(.454)
Age 70-74 .209
(.407)
No education AN
(.495)
Primary education 450
(.499)
Migrated (= 1) 516
(.501)
With savings (= 1) 061
(.241)
Number of sons living 1.99
(1.91)
Number of daughters living 2.25
(2.07)
Widowed 459
(.499)
Owns car 071
(.287)

Log wage (1994 pesos)®

Urban-rural residence 661 703 629 .706
(urban = 1) (.473) (.456) (.483) (.456)
Household dwelling has access a3 749 I3 725

to running water

% of municipal households 209 19.5 224 199
with dirt flooring (17.9) (16.64) (16.9) (18.6)
Per capita hospital beds in municipality .0014 .0014 .0013 .0013
(.0011) (.0011) (.0014) (.0013)
N 1,990 2,268 879 208

Source: 1994 Mexican National Aging Survey.

Note: Specific information for the 74-79 age group is not presented because of the small number of
observations.

af Sample includes workers whose primary source of income is labor earnings.
b/ The 1994 exchange rate was approximately 3.5 pesos per dollar.
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The Determinants of Health among Elderly Mexicans

This section evaluates the determinants of health, as measured by the differ-
ent health indicators described previously. Although primarily intended for
use in the second-stage regressions, these estimations are interesting per se.
They shed light on which factors affect elderly health status and the extent
to which their impacts differ by sex. They also shed some light on the effects
of health policy variables, such as the supply of health services.

For self-reported health status and number of functional limitations,
ordered-probit-regression and ordinary-least-squares estimates were per-
formed. Ordinary least squares may not be appropriate for estimating ordi-
nal health indicators since it assumes that the difference between ranks is
identical (e.g., it assumes the difference between “bad” and “very bad” is
identical to the difference between “bad” and “all right”). Ordered probit
models are more appropriate for estimating the relationship between an
ordinal (and ordered) dependent variable and other independent variables.
Nevertheless, ordered probit estimation in this first stage complicates sub-
stantially our subsequent instrumental variable estimates. Ordinary-least-
squares estimation is more computationally convenient.!” For these two
ordinal health indicators, the threshold point parameters from the ordered
probit estimation were used to evaluate whether it was reasonable to use the
linear specification based on the ranking of 1 to 5. Since they both appeared
to be fairly linear, the 1-to-5 ranking was retained for computational con-
siderations.

The main determinant variables included in the health status equa-
tions are age, education, and urban-rural residence of the individual, along
with wealth measures, including whether the household dwelling has in-
door running water and whether the individual reports having savings.
Higher economic status is expected to have a positive impact on the health
status of the elderly.

Disaggregation of the health status determinants by migration sug-
gests that the effects of variables such as education and municipality mea-
sures differ for those who have moved to an area and those who were born

17 The problem can be expressed as follows: y* = b + ¢, where y* is unobserved, and y = 0 if
y*E0; y=1if0<y  <miy=2if m < p*<my.;y=Jif m, < y* The threshold
parameters (m,) are estimated in the model (for fuller exposition see Greene, 1997).
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and still live there. That is, many in the sample of elderly have moved from
where they were born and grew up and from the environments that helped
shape many of their human capital investments. Thus the characteristics of
the current area of residence may be expected to have had less impact on
their health than on the health of native residents.!® To test this hypothesis,
interactions were included of all variables whose impact could possibly be
affected by migration.

Each table reports the joint significance tests for the identifying vari-
ables. This is critical to demonstrating whether the use of instrumental vari-
able estimates is justified in the next stage of analysis. If the set of identifying
variables is insignificant, the use of instrumental variables to adjust for po-
tential endogeneity of health is not justified.

In examining the results, there appear to be some differences depend-
ing on which health status indicator is used, although some important simi-
larities are retained. For the sample of men, all of the determinant health
status regressions (Tables 3.6 to 3.8) show that, as expected, health status
clearly declines with age. Education generally has an important impact, with
higher education leading to better health status. The household wealth indi-
cators for men (whether the dwelling has running water and whether the
individual has savings) also show positive effects on health.

For women, the results differ substantially between health measures.
It is interesting to note that while health status worsens with age according
to the disabled-days indicator and the functional limitations measure, it does
not worsen according to the self-reported indicator. Nevertheless for the
rest of the independent variables, there are few consistent results. For the
self-reported health variables, education is positively related to health sta-
tus, as is living in an urban area. Wealth measured by whether the household
has running water and whether the women have savings also positively af-
fects self-reported health status. Yet the regression results for the determi-
nants of the probability of disabled days and the functional limitations
indicator show few significant variables apart from age.

18 Of course even when individuals are still living where they grew up, the local conditions will
have changed over time. Unfortunately, one cannot say much about these changes since infor-
mation about the development of Mexico’s social infrastructure is sparse. There has, however,
been a historical tendency for health services of IMSS to be overly concentrated in urban
areas, particularly in Mexico City (Gonzilez and Parker, 1998).
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Table 3.6 Determinants of Self-Reported Health Status for People Aged 60-79

OLS Regression

Ordered Probit Regression

Variable Men Women Men Women
Constant 2.96 3.13
(23.4) (22.2)
Age 60-64 (Coef. x 100) 17.7 0.100 22.3 -0.300
(2.95) (0.02) (2.89) (-0.05)
Age 65-69 (Coef. x 10) 1.24 -0.210 1.51 -0.290
(1.98) (-0.34) (1.87) (-0.36)
Age 70-74 (Coef. x 10) 1.19 -0.960 1.53 -1.23
(1.85) (-1.50) (1.85) (-1.50)
No education -0.197 -0.164 -0.254 -0.213
(-2.07) (~1.66) (-2.06) (-1.68)
Primary education (Coef. x 10) -0.220 -0.110 -0.250 -0.190
(-0.27) (-0.12) (-0.23) (-0.16)
Urban-rural residence (urban = 1) 0.277 0.237 0.363 0.301
(4.02) (3.51) (4.08) (3.47)
Per capita hospital beds? 44.4 3.45 59.2 7.07
(2.14) (0.16) 2.21) (0.26)
Dirt floors?  (Coef. x 100) 0.100 0.048 0.100 0.058
(0.58) (0.24) (0.55) (0.23)
With savings (= 1) 0.187 0.154 0.245 0.203
(2.29) (1.73) (2.25) (.77
Indoor running water 0.106 0.088 0.137 0.114
(2.27) (1.98) (2.28) (2.01)
Migration (migrator = 1) 0.540 0.480 0.720 0.622
(3.47) (2.84) (3.58) (2.87)
Interaction of migration -0.600 -0.600 -0.700 -0.800
with dirt floors? (Coef. x 100) (-2.40) (-2.52) (-2.43) (-2.48)
Interaction of migration with -37.8 -45.2 ~48.7 -58.3
per capita hospital beds® (-1.35) (-1.55) (-1.34) (-1.56)
Interaction of migration -0.297 -0.201 -0.389 -0.253
with urban residence (~3.00) (=2.13) (-3.05) (-2.09)
Interaction of migration ~-0.184 -0.142 -0.255 -0.197
with no education (-1.47) -1.12) (-1.58) -1.21)
Interaction of migration -0.256 -0.161 -0.348 -0.219
with primary education (-2.25) (-1.33) (-2.35) (-1.40)
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Table 3.6 (continued)

OLS Regression Ordered Probit Regression
Variable Men Women Men Women
Threshold-1 Coef. (Std. Err) -1.60(0.17) -1.81 (0.19)
Threshold-2 Coef. (Std. Err) -0.631(0.16) -0.857(0.18)
Threshold-3 Coef. (Std. Err) 0.673(0.16) 0.442 (0.18)
Threshold-4 Coef. (Std. Err.) 2.03(0.16) 1.81(0.18)
Sig. test of F(4,1973)=3.28 F(4,2251)=3.34 Chi? (4)=13.83 Chi? (4)=12.82

identifying variables

Sig. test of migration  F(6, 1973)=2.83 F(6, 2251) = 1.59 Chi? (6) = 17.60 Chi? (2) = 9.51

and migration interaction terms
N; R? 1,990; 0.061 2,268; 0.046 1,990 2,268
Model statistic F(16, 1973)=8.0 F(16, 2251 )=6.8 Chi?(16)=128.22 Chi*(16)=107.52

Source: 1994 Mexican National Aging Survey.

Notes: The omitted education category is “more than primary schooling”; the omitted age category is
ages 75-79. For the OLS regression, t-statistics are reported in parentheses; for the ordered probit, Z-
statistics are reported in parentheses.

a/ Identifying variables for health in the wage equation.

The total effects of migration depend both on the migration dummy
as well as the interaction of migration with other community variables. In
the results here, the effects of migration on health vary, depending on the
health status model. In the case of men, only in the model in which personal
health is compared to that of other individuals does migration have a sig-
nificant (positive) effect; whereas for women, the effect of migration is only
significant in the model of disabled days.! In the remaining models, migra-
tion has no significant effect on health status.

Finally, the F tests of our identifying variables are generally significant,
except for the disabled-days model in which the set of identifying variables is
insignificant for women. Related to this, the health service indicator (hospi-

19 The total marginal impact of migration on male health in the comparative health status
model is 0.091, whereas for women in the disabled-days model it is 0.039. The total effects of
migration on health are calculated by summing the marginal effects of migration and the
other migration interaction terms, which are evaluated at the means of all the variables inter-
acted with migration.
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Table 3.7 Probability of Iliness/Injury in Past 180 Days of People Aged 60-79

Independent Variables

Probit Regression

Men Women
Age 60-64 -0.098 -0.131
(-3.03) (-3.95)
Age 65-69 -0.089 -0.114
(-2.66) (-3.29)
Age 70-74 ~-0.066 -0.050
(-1.92) (-1.39)
No education 0.095 0.030
(1.65) (0.52)
Primary education 0.087 0.004
(1.70) 0.07)
Urban-rural residence (urban = 1) 0.023 -0.084
(0.60) (-2.10)
Dirt floors? 0.002 0.0002
(2.22) (0.18)
Per capita hospital beds? -20.1 -7.34
(-1.64) (-0.59)
Migration (migrator = 1) -0.019 ~0.152
(-0.22) (~1.52)
Interaction of migration with dirt floors? (Coef. x 10) -0.0002 0.0009
(-0.15) (0.62)
Interaction of migration with per capita hospital beds? 23.0 27.07
(1.42) (1.57)
Interaction of migration with urban residence (Coef. x 10) 0.090 0.590
(0.16) {1.08)
interaction of migration with no education 0.049 0.146
(0.66) (1.89)
Interaction of migration with primary education 0.003 0.105
(0.05) (1.41)
With savings (= 1) -0.169 -0.003
(-3.55) (-0.06)
Indoor running water (Coef. x 10) 0.210 -0.080
(0.83) {-0.35)
Sig. test of identifying variables Chiz(4)=12.2 Chiz(4) = 3.67
Sig. test of migration and Chi? (6) = 4.83 Chiz(6y=13.17
migration interaction terms
N 1,990 2,268

Model statistic

Chi? (16) = 58.92

Chiz (16) = 63.72

Source: 1994 Mexican National Aging Survey.

Notes: Omitted education category is “more than primary schooling”; omitted age category is ages 75—

79. Z-statistics are in parentheses.
a/ Identifying variables for health in the wage equation.
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tal beds per capita) seems to be a much more important and significant de-
terminant of the level of health for men than for women. These results ap-
pear consistently in all of the health status equations. One can only speculate
about the reasons for these gender differences. They may reflect differential
access to or usage of health services. That is, elderly men may be more likely
to use available services (e.g., they may be more likely to have social security
health insurance than women). Or perhaps the quality of services offered
differs between male and female patients. Nevertheless, the fact that the iden-
tifiers are significant (with the exception noted above) implies that we may
cautiously proceed to the estimation of the full instrumental variable results.

The Impact of Health on Wages

One of the main concerns in estimating the impact of health on wages is the
possible endogeneity of health. In this section, wage estimations that con-
sider health status to be endogenous are compared with wage estimations in
which health status is exogenous.

Sample selection bias is also addressed. Given the low labor force par-
ticipation rates of the elderly, it is reasonable to hypothesize that the sample
of elderly workers is not necessarily representative of those who do not work.
For instance, the elderly who work may be those who are most able to do so,
and therefore the most productive. In such a case, the main impact of health
may be to permit people to enter the labor market and find employment,
rather than affect their wages directly. On the other hand, if elderly labor
market participation is largely determined by economic need (due to lack of
other sources of income), one may find that the sample of elderly workers is
less productive than is the population of those who do not work. Presum-
ably, being needy is associated with low education and other factors that
may reduce productivity.

There is an additional restriction in the selection model due to the
decision to use only workers whose primary source of income is through
labor market earnings (rather than all workers). Therefore a selection cor-
rection is made for both being in the labor force and having earned income
as the primary source of income.?

0 The level of health would be expected to have strong positive effects on the labor supply of
elderly workers (and in probit models of working, in which health is assumed to be exog-
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Table 3.8 OLS and Ordered Probit of Number of Functional Limitations for
Individuals Aged 60-79

OLS Regression® Ordered Probit Regression®

Variable Men Women Men Women
Constant 1.17 1.34
6.61) 6.36)
Age 60-64 -0.733 -0.839 -0.649 -0.699
(-8.69) (-9.56) (-7.87) (-8.94)
Age 65-69 -0.516 -0.623 -0.440 -0.501
(-5.87) (-6.71) (-5.17) (-6.08)
Age 70-74 -0.394 -0.350 -0.289 -0.246
(-4.33) (-3.66) (-3.33) (-2.95)
No education 27N 0.189 217 -0.304
(Coef. x 10) (2.01) (0.13) (1.62) (-0.23)
Primary education 0.910 -0.043 0.490 -0.830
(Coef. x 10) (0.76) (<0.31) (0.40) (-0.66)
Urban residence 2.02 1.07 2.14 0.820
(Coef. x 10) (2.08) (1.06) (2.23) (0.89)
Dirt floors® 0.500 0.800 0.600 0.670
(Coef. x 100) (2.14) (2.89) (2.44) (2.54)
Per capita hospital beds® -48.0 -20.9 -52.8 -23.2
(-1.65) (-0.67) -1.77) (-0.80)
Migration 0.273 -0.182 0.239 -0.212
(1.25) (-0.72) (1.08) (~1.04)
Interaction of migration -0.500 -0.0001 -0.500 0.0003
with dirt floors? (Coef. x 100)  (-1.58) (-0.04) (-1.66) (0.10)
Interaction of migration with -3.79 42.0 -19.5 38.7
per capita hospital beds® (-0.09) (0.984) (-0.47) (0.96)
Interaction of migration with -236 -1.90 -20.6 -0.200
urban residence (Coef. x 100)  (-1.69) (-0.14) (-1.48) (-0.17)
Interaction of migration -0.242 0.245 -0.193 0.257
with no education -1.37) (1.30) (-1.09) (1.49)
Interaction of migration with -0.700 173 1.90 218
primary education (Coef. x 100) (-0.05) (0.95) 0.12) (1.30)
With savings -0.199 -0.029 -0.015 -0.015
(Coef. x 10) (-1.69) (-0.22) (-1.27) (~0.13)
Indoor running water -1.60 0.210 -1.250 0.305

(Coef. x 10) (-2.44) (0.32) (-1.93) (0.51)
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Table 3.8 (continued)

OLS Regression® Ordered Probit Regression®

Men Women Men Women
Threshold Tests
Threshold 1 (Std. Err.) -0.086 (0.18) -.284 (0.19)
Threshold 2 (Std. Err.) 0.567 (0.18) 0.290 (0.19)
Threshold 3 (Std. Err.) 0.935(0.18) 0.711 (0.19)
Threshold 4 (Std. Err) 1.27(0.18) 1.17 (0.19)

Significance Tests
Sig. test of F(4,1973)=290 F (4,2251)=480 Chi*{4)=163 Chiz (4)=17.0
identifying variables
Sig. test of migration F(6,1973)=1.65  F(6,2251)=0.53 Chi? (6) = 9.90 Chi? (6) = 3.33
and migration interaction terms
N, R? 1,990; 0.0570 2,268; 0.0625 1,990 2,268
Model statistic F(16,1973)=7.54 F(16,2251)=9.47 Chi?(16)=105.5 Chi?(16)=132.8

Source: 1994 Mexican National Aging Survey.

Notes: Maximum number of functional limitations is 4, defined as having difficulty with 1) walking up
stairs, 2) walking 300 meters, 3) carrying a heavy object 100 meters, and 4) performing light domestic
tasks. Omitted education category is “more than primary schooling”; omitted age category is ages 75-79.

a/ T-statistics are reported in parentheses.
b/ Z-statistics are reported in parentheses.

o Identifying variables of health for wage equation.

To test for the possible impact of sample selection bias, Heckman (1979)
sample selection models are estimated, using the number of still-living sons
and daughters and whether the individual has been widowed. Given the
Mexican custom of family support (and the general lack of governmental
welfare programs such as unemployment insurance), it is hypothesized that
the number of living children will be an indicator of likely income transfers

enous, the effects are large and significant). Nevertheless it is also likely to be an endogenous
variable to labor supply, and it is beyond the scope of this chapter to estimate a model of labor
supply and wages with endogenous health measures. For this reason, health has not been
included as an independent variable in the probit participation equation.
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and therefore be negatively related to the probability of elderly parental par-
ticipation in the labor market. Being widowed may imply fewer dependents
to support with labor market income, or it may have the opposite effect and
imply an increased need to work given the absence of spousal support.

The results of the probit model of labor force participation are re-
ported in Table 3.9. As expected, the table shows that older individuals are
less likely to be working. The education variables show no impact on the
participation of women, whereas for men, those with lower levels of educa-
tion are less likely to be working than are higher-educated individuals. Men
in rural areas are more likely to be working, whereas there is no impact of
residence on female labor force participation.

Turning to the identifying variables, being a widower reduces the prob-
ability of working for men, but widowhood increases the probability for
women. This difference may occur because for a man to lose his spouse
might imply a reduction in financial dependents, whereas for women, who
are not traditionally the main source of family income in Mexico, to lose a
spouse means needing to find new means of support.

It is interesting to note that the number of children, both males and
femnales, has a negative effect only on the probability of women’s labor force
participation, whereas there is no significant effect for males. Additionally,
the negative effect of having sons is much higher on women’s labor force
participation than is the effect of having daughters. If sons tend to give more
monetary support to their mothers than do daughters, this would be consis-
tent with the lower rates of labor force participation among women in gen-
eral. That is, women in Mexico may be less able to transfer resources to their
parents since they are less likely to be working and earning their own dis-
posable incomes. Finally, greater wealth, as proxied by the existence of in-
door running water, is negatively related to the probability of men working.
The effect for women, however, is insignificant.

Table 3.10 contains results from regressions for men, using all three health
status measures and treating health as either exogenous or instrumented. The
coefficients on health in the OLS equations that treat health exogenously are
significant, with the exception of the functional limitation measure. By con-
trast, the instrumental variation (IV) estimation models show that the im-
pacts of health on wages are much larger and much more significant for all
three of the health measures. The table also reports the Hausman tests of
exogeneity in health, showing exogeneity to be strongly refuted in all cases.
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Table 3.9 Probit Estimates of Probability of Working
for Individuals Aged 60-79

Variable Men* Women?
Constant 0.023 -1.93
0.171) (-7.76)
Age 60-64 0.655 1.08
(6.83) (5.07)
Age 65-69 0.447 1.02
(4.51) (4.73)
Age 70-74 0.170 0.883
(1.65) (4.03)
No education -0.028 -0.054
(-2.88) (-0.42)
Primary education -0.317 -0.090
(-3.62) (-0.73)
Urban—rural residence (urban = 1) -0.157 -0.027
(-2.30) (-0.30)
Migrated (= 1) -0.013 -0.069
(-0.22) (-0.89)
Number of sons living® -0.004 -0.085
(-0.269) (-3.90)
Number of daughters living® -0.016 -0.034
(-1.07) =1.71)
Widowed® -0.197 0.274
(-2.33) (3.49)
Indoor running water (Coef. x 10) -1.83 -0.069
(-2.73) (-0.77)
Chiz (12) 117.0 76.2
N 1,990 2,268

Source: 1994 Mexican National Aging Survey.

Notes: Sample is limited to workers whose principal earnings are from labor income. Omitted education
category is “more than primary schooling”; omitted age category is ages 75-79.

a/ Z-statistics are in parentheses.

b/ Identifying variables for wage equation.
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The impact of education on wages appears to be significantly reduced
when IV estimations are done for disabled days and comparative health sta-
tus, relative to when health is assumed to be exogenous. In both the com-
parative health status model and the disabled-days models, the effects of
education on wages are reduced as much as 50 percent in some cases, al-
though there is no significant change in the functional limitations regres-
sion. Overall, these results may suggest that estimations of the effect of
education on wages that do not take account of health may overestimate the
returns to education.

The impacts of health on wages for elderly men implied by the estima-
tions are quite large. The coefficient on disabled days suggests that poor
health, as measured by workdays lost during the previous 180 days, reduces
hourly wages by 3.29 log points or 96 percent.?! The functional limitations
health measure indicates that having an additional functional limitation re-
duces salaries by 0.867 log points or 58 percent. Finally, while perhaps more
difficult to quantify, improving one’s health relative to others (for instance
from a similar to a better health level) is associated with receiving a wage
that is 0.998 log points or 172 percent higher, controlling for observable
characteristics.

All of these estimated effects are large and should be treated as upper-
bound estimates of the impact of health. A more conservative estimate of
the impact of health can be derived from the lower-bound 95 percent confi-
dence interval estimates. These would imply that poor health in the case of
disabled days is associated with a wage reduction of 40 percent, and in the
case of functional limitations, with a reduction of 26.9 percent. Good health
for the comparative health measure, meanwhile, is associated with an in-
crease in wages of 58.2 percent. Clearly, even extremely conservative esti-
mates demonstrate that health has large effects on wages.

The other variables have the expected effects. Education is positively
related to wages, as is urban residence. Migration has an important signifi-

2 The estimated impact of disabled days on wages is improbably large. No other study using
this indicator as a dummy variable was available for comparison. Schultz and Tansel (1997)
found that one disabled day is associated with as much as 33 percent and 26 percent reduc-
tions in hourly wages in Cote d'Ivoire and Ghana, respectively, although the magnitudes de-
creased as disabled days increased. In the sample for this chapter, workers who incurred dis-
abled days reported an average number of approximately 22.
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cant and positive impact on wage levels both for men and women. The
impact is perhaps surprisingly strong since many of these individuals may
have migrated decades earlier. One interpretation is that the migration vari-
able may be a proxy for greater investments in human capital over the
individual’s entire lifetime, which are not adequately captured with age or
education.??

Finally, the sample selection correction coefficients show ambiguous
results, with generally positive significant effects in the exogenous health
wage equations and generally insignificant effects in the endogenous health
equations. It is important to note, however, that the sample selection coeffi-
cients for men are extremely sensitive to the inclusion and exclusion of some
variables, such as that of running water, so the results on sample selection
bias should be evaluated cautiously. For comparison, the results with no
sample selection correction can be found in Parker (1999, Appendix).

In contrast to the findings for men, the findings for women are disap-
pointing (see Table 3.11). There is virtually no measured impact of health
on women’s wages. This may be due to several factors. First, we have a very
small sample subset since female elderly labor force participation is less than
10 percent. Moreover the participation rate has never been large through-
out their lifecycle.?? It is to be hoped that future data on the well-being of
the elderly will include larger samples so that the important topic of health,
aging, and women’s earnings can be studied. Second, health identifiers in
this study were weaker at explaining health status for females than for males.
Further study is needed to find why health service indicators and overall
development seem to have less impact on the health of elderly females than
on elderly males.

A final aspect deserving further comment is that wages do not appear
to be declining by age in our sample. This could be due to bias in our in-
come variable if, for instance, older workers are more likely to receive trans-
fers from other sources that are contaminating our income measures.
Nevertheless, the results from the sample limited to workers whose sole source
of income is from labor also show similar relationships between age and
salaries (Parker, 1999, Appendix). Additionally, this analysis was compared

2 ] am grateful to T. Paul Schultz for suggesting this interpretation.
3 Por instance, the labor force participation rate in 1950 of women in Mexico was approxi-
mately 12 percent (Gregory, 1986).
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to the trends in wages of the elderly population in the Mexican National
Employment Survey of 1995. This data set also showed no decline in wages
between the ages of 60 and 80, the age group used in the analysis for this
chapter.

Conclusions

This is one of the first studies to explore the relationship between health and
wages among the elderly population of a developing country. It finds that a
number of health measures have an effect on wages for male elderly work-
ers. Although there is some variability in the results depending on the health
measure used, this finding is consistent and strong. The point estimates dem-
onstrate that poor health lowers the hourly earnings of elderly males by no
less than 58 percent; and even with more-conservative 95 percent confi-
dence intervals, the lowest estimated effect of poor health is 27 percent. These
are important factors, particularly within the context of a developing coun-
try that lacks a widespread social security system and in which many elderly
individuals are therefore required to work whether or not they are healthy.
Health problems may also, of course, prevent poor people from working
and contribute to high poverty rates among the elderly. Future research
should more explicitly incorporate the impact of poor health on the work
behavior of the elderly.

The most important econometric implications of this study are that
health cannot be treated as an exogenous factor in influencing wages and
that the measured impact of health on wages increases tremendously when
proper corrections are introduced. The Hausman tests uniformly reject the
hypothesis of exogeneity of health to wages for the elderly, confirming the
appropriateness of using an instrumental variable estimation approach. It is
also important to mention that the education coefficient tends to decrease
in the instrumental variable specifications in two of the three health models
used. This implies that the returns to education may be overestimated when
health is not included in wage analyses. Those returns may include impacts
that should actually be attributed to health.

In setting priorities for future research, the relationship between avail-
able health services and the health status of the elderly warrants closer at-
tention, as do the overall determinants of health status among the elderly.
Mexico is undergoing a number of important health reforms within its health
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sector. Given the extent to which the elderly population in Mexico will grow
in coming decades, further research on health and the elderly is crucial if
effective policies are to be designed to assess their health needs and dedicate
sufficient resources to meet them.

It is also likely that poverty and elderly health status are closely linked
and that these relationships affect labor force decisions and salary levels.
Mexico’s social security retirement system does not yet have universal cov-
erage of the elderly, a pattern that can be expected to continue due to the
country’s large informal sector. This makes it all the more urgent to better
understand how poverty and health interact to determine labor force par-
ticipation by the elderly and the salaries they receive.
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CHAPTER 4

Adult Morbidity, Height,
and Earnings in Colombia

Rocio Ribero and Jairo Nufiez!

In this chapter, both public and private investments in health in Colombia
are analyzed in relation to future earnings of individuals. The magnitude of
labor market returns from good health status, as identified through instru-
mental variables, shows that each additional day of disability decreases earn-
ings between 13 percent and 33 percent, and that each additional centimeter
of stature increases earnings by about 7 or 8 percent. The returns to height
are larger than those found in some other countries and suggest that invest-
ments in nutrition may be as important as investments in education for fu-
ture increases in productivity and growth. Estimations of health production
functions show that it would be desirable to increase social security coverage
in rural areas in order to lower the incidence/duration of illness there. How-
ever in urban areas, where coverage is more developed, the degree of benefit is
less certain because improvements in the social security system may only in-
crease the tendency to report illness. Policies to improve housing appear to
translate into better health status, productivity, and earnings for individuals.
There is also some evidence that expanded access to social security in rural
areas will have a significant and positive effect on both health status and
earnings.

' Dr. Rocio Ribero is a Professor at the Universidad de los Andes in Bogotéa and a Researcher at
that university’s Centro de Estudios de Desarrollo Econémico. She is also a Postdoctoral Fel-
low at the Economic Growth Center at Yale University. Jairo Nuiiez is a Researcher in the
Colombian Departamento Nacional de Planeaci6n.
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Introduction

This chapter examines how public and private health investments affect the
earnings of individuals in Colombia. It is the first study to analyze the links
between primary health indicators and individual labor productivity in the
country, and to look at how additional public expenditures might improve
the health status of Colombians.

It is well established that investing in education is associated with higher
productivity and earnings. Such investment is considered a form of “human
capital” (Becker, 1964). But human capital has many forms besides school-
ing. Investments in health also affect individual productivity. Such invest-
ments include personal decisions about resource allocation and consumption
that determine the nutritional intake and health of children and adults within
the household. They also include public investments in health services and
environmental improvements.

Research in recent decades has expanded the framework that Mincer
(1974) devised to analyze the impact of schooling on wages, by including
additional human capital determinants such as migration, fertility decisions,
and health status. For example Schultz (1997) analyzes how state and family
investments influence the formation of reproducible human capital and how
these in turn affect labor earnings and growth. He asks two primary ques-
tions: What determines the household demand for human capital, and what
are the wage returns of human capital stock in the labor market?

Schultz (1996) finds that health status, as measured by adult height, is
an important determinant of adult productivity. Height is a measure of adult
health status that reflects cumulative health investments beginning with pre-
natal care and continuing through the conditions of early childhood and the
nutritional intake provided by parents as a child matures (Strauss and Tho-
mas, 1995; Martorell and Habicht, 1986). Adult height has been shown to be
inversely correlated with chronic health problems among the middle-aged
and elderly. Moreover, studies show that height is inversely related to mor-
tality and consequently directly related to the length of productive life. Fogel
(1994) also finds that height and the body mass index (BMI) are related to
male mortality at older ages, and to chronic diseases for those between 20
and 50 years of age. The increasing average height of populations over time
has been well documented and may be attributed to changes in reproducible
human capital investments or in disease environments (Fogel, 1994).
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In line with Schultz (1996), Thomas and Strauss (1997) used Brazilian
urban household data containing height and BMI, and found that height has
a large and significant effect on wages for males and females. This chapter
confirms that height is positively related to individual earnings in Colombia.
It then explores this relationship in order to identify policies that can improve
health outcomes and promote economic growth efficiently and equitably.

The analysis that follows proceeds in four stages. First, the data sources
and the main characteristics of the surveys that were used are described,
including the indicators that were chosen to measure health status. Second,
the sample characteristics are discussed. Third, results of econometric analy-
ses and policy simulations are presented and explained. Finally, conclusions
and suggestions for future action are offered.

The Data

Two major surveys conducted by the Departamento Administrativo Nacional
de Estadistica (DANE) were used for this study. Other sources were con-
sulted to obtain regional data on environmental factors. That data was merged
with the individual household survey data so that each individual was linked
to the characteristics of his or her community.

The first survey is the 1993 Encuesta de Caracterizacién Socioeco-
némica (CASEN), which was national in scope and includes specific mod-
ules on health, education, and child mortality. Interviews were conducted in
a total of 27,271 households—22,257 urban and 5,014 rural. The sample
includes 33,395 individuals between 18 and 70 years old with positive wages
or earnings, of which 64 percent are male and 74 percent live in urban areas.

From this survey two indicators of health were used: disability and
days disabled. Disability was measured as a dichotomous variable, equal to 1
if the respondent reports that he or she was unable to work in the month
before the survey because of an illness. Specifically, respondents were asked,
“During the last month did you not go to work or not do your ordinary
activities because of the illness or health problem mentioned above [in the
preceding question]?”? The answer recorded was either “yes” or “no.”

2The question asked in Spanish was, “;Durante el dltimo mes dej6 usted de asistir al trabajo o
realizar sus actividades ordinarias debido a la enfermedad o problema de salud sefialado an-
tes?”
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Days disabled equaled the actual number of workdays lost because of
the specific illness (as reported by the respondent). Specifically, individuals
were asked, “For how many days during the last month did you not go to
work or did you stay in bed?”?

The survey also includes a rich set of variables describing each
individual’s socioeconomic characteristics, such as age, education, hourly
earnings, whether or not the person is a salaried worker, sources of nonlabor
income, whether the individual lives in a house or an apartment, and the
characteristics of the dwelling.

In order to analyze health outcomes, it was also necessary to have in-
formation on the individual’s environmental conditions. Such variables were
constructed from CASEN by averaging the observations in rural and urban
areas in each departamento, or department.* Using this approach, the fol-
lowing community characteristics were linked to each individual:

¢ Availability of credit (either from the public or private sector) in
the departamento, by rural and urban subareas;

¢ Education level in the departamento by rural and urban subareas,
including illiteracy rates and coverage of primary and secondary
schooling;

¢ Percentage of persons with social security in the departamento by
rural and urban subareas; and

¢ Infrastructure conditions (water, electricity) in the departamento
by rural and urban subareas.

The Instituto Geografico Agustin Codazzi (1996) provided the follow-
ing additional information regarding environmental factors that affect health
outcomes:

¢ Temperature, altitude, and rainfall ranges in each municipality;

¢ Distance from each town to the department capital, where major
hospitals are located;

*In Spanish, “;Cuéntos dias estuvo incapacitado o en cama durante el Gltimo mes?”
4 Colombia is divided into 26 departments.
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¢ Availability of schools in the municipality; and
¢ Availability of hospitals and hospital beds in the municipality.

The Ministry of Health provided information regarding coverage of
vaccination programs by municipality, the number of hospitals in each
municipality and their “quality,” and other relevant topics. Another exter-
nal source provided an index of the kilometers of paved roads per capita
and square kilometer in each departamento.S

The second survey utilized in this chapter is the Encuesta Nacional de
Hogares—Etapa 74 (ENH-91). Collected in December 1991, this household
survey covers Colombia’s 11 major cities: Bogota, Cali, Medellin, Barranquilla,
Bucaramanga, Manizales, Pasto, Ciicuta, Pereira, Ibagué, and Monteria. Sur-
rounding metropolitan areas are also included. These urban centers repre-
sent almost 40 percent of the national population and about 70 percent of
the urban population, with the smallest of the 11 cities having had at least
two hundred thousand residents at the time of the survey.

The urban part of ENH-91 is the only survey in Colombia that in-
cludes the height of individuals. Fortunately this makes it possible to ana-
lyze health status and earnings in urban areas, using adult height as the
measure of health. Unfortunately the survey does not include any informa-
tion about recent illnesses or lost workdays, making direct comparisons to
the CASEN impossible. The sample population from ENH-91 was between
ages 18 and 70 years old, but the age range is restricted in some estimations
and figures (the wage equations and health equations are estimated for those
between 18 and 60 years old). This restriction is made because individuals
after the age of 60 may grow shorter and individuals younger than 18 may
not yet be full-grown (in both cases understating favorable childhood nu-
tritional status). From all persons who earn positive wages or earnings, those
with unreasonable heights (less than 135 cm) were excluded, leaving a work-
ing sample of 23,910 adults.

Asin the CASEN, ENH-91 includes many socioeconomic variables that
describe the individual, such as age, education, hourly earnings, whether the
person is a salaried worker, nonlabor income, and whether the respondent

> Institutions were graded 1-6 to indicate the service level provided (from attending minor
wounds to performing major medical interventions).
¢ Econémica Consultores (1996),
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or the respondent’s family owns the dwelling in which he/she lives (e.g.,
owner-occupied housing).

In order to explain adult height, two environmental health factors were
derived from ENH-91. First was the percentage of households in the com-
munity with access to basic services: water, sewerage, and electricity. In con-
structing the dummy variable, housing with all three services was considered
to have access to basic services while housing without one or more was con-
sidered to lack access. The second factor was the percentage of households
in the community with favorable population density according to poverty
standards (i.e., the percentage of households in the community without over-
crowding as defined by DANE).

The characterization of the respondent’s resident community was made
first by city and then, within each city, by socioeconomic strata. In Colom-
bia, the populations of major cities are classified into six socioeconomic strata
depending on the economic capacity of the households in each area of the
city (thereby yielding 66 values for community variables for the 11 cities).
These classifications are used to charge differential rates for public utilities
such as water, electricity, and telephone service; and individuals are well aware
of which classification applies to their housing.”

It is assumed that the individual’s place of residence is exogenous, al-
though people may have migrated to a specific area or community as a con-
sequence of variables that are treated here as exogenous. This introduces
potential bias into study estimates (Rosenzweig and Wolpin, 1988).%

Descriptive Statistics of the Colombian Surveys

The first sample (CASEN) includes persons who lived in rural or urban ar-
eas in 1993, were earning a wage or had positive labor earnings, and were
between 18 and 70 years old. This sample is 36 percent female and 64 per-
cent male. Only 9 percent have more than 13 years of schooling, and 8 per-
cent have 0 years of schooling. Some 46 percent of the sample have partial or
complete primary schooling, and 74 percent live in urban areas. This sample

7 Sometimes the interviewer is ordered to ask the respondent for an electricity, phone, or wa-
ter bill to check that the information of strata is accurate.

8 This study does not try to explain migration decisions because the surveys provide insuffi-
cient information on migration histories and the height of rural populations.
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is used to estimate the models with disability and the number of days dis-
abled.’

The second sample (ENH-91) covers only urban areas. Only wage earn-
ers or individuals with positive labor earnings between 18 and 60 years old
were included in this study. About 60 percent of this sample is male, and 40
percent female. Only 4 percent have 0 years of schooling, and 13 percent
have more than 13 years of education. This survey includes measurements
of adult height, which are used as a measure of health status for this analysis.

In general, illness as measured by disability and number of days dis-
abled in the CASEN is more frequent for women than for men, and it in-
creases with age. Illness is more common among the less educated than the
more educated (within rural and urban populations), and occurs more fre-
quently for rural than urban residents at all levels of education. The patterns
for disability and number of days disabled observed in Tables 4.1 and 4.2 are
similar. In each case, illness declines with education with the single excep-
tion of an upturn in number of days disabled for urban men and women
with 13 or more years of schooling. This contrasts with findings for Ghana
and Cote d’Ivoire by Schultz and Tansel (1997), where the propensity of
adults to report illness was positively related to education. The average num-
ber of days disabled may increase in Colombia for urban residents with more
than 13 years of schooling because they may have higher expectations about
their health, be more able to perceive illness, or be more willing to seek pro-
fessional advice (Johansson, 1991). In addition, more-educated individuals
may have more resources to “indulge” their illnesses and be able to take more
days off work when they are ill.

The distribution of the number of days disabled for the population
who reported some disability is shown in Figure 4.1. The bulk of this sample
(78 percent) has fewer than 10 days of disability, 10 percent have 15 days
disabled, and 7 percent have been disabled for the entire past month (they
may be chronically disabled).

The ENH-91 survey shows that the youngest cohort (18-24) is about
2.9 cm taller than the oldest cohort (60-70) for both men and women (see

® Editors’ note: For clarity to the reader, the figures in this paragraph relate to the entire sample,
while the information provided later in Table 4.1 is only for the population that has experi-
enced some disability.
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Figure 4.1 Distribution of the Number of Days Disabled

Frequency

Days Disabled

Source: CASEN.

Table 4.3). These patterns of height, summarized in Table 4.3, refer to the
whole sample between 18 and 70 years old, not only to the labor market
participants. Most of the height differential is between age groups 45-59 and
60-70, suggesting that gains from nutrition to height may be subject to sharply
diminishing returns. However since part of the change observed between
these two age ranges may be due to the fact that old people shrink for bio-
logical reasons, the environmental causes may be less significant than they
seem at first glance. The best-educated subsample has an 8.4 cm per person
advantage over those with no schooling, although this varies by age. There is
about a 1 cm difference within each of the education subgroups and across
ages (between youngest and oldest age groups), except for the group with no
schooling, for whom there was a 2 cm difference. Within each cohort, the
more highly educated are significantly taller. This gap between the least- and
most-educated groups (0 versus 13+ years of schooling) is about 5 ¢cm for
the youngest group (18-24 year olds) and is about 9 cm for the oldest cohort.

Figure 4.2 shows the trends in height for the entire population aged 25
to 55 in 1991, in relation to their dates of birth. Figure 4.3 shows the results
for labor force participants from the same pool. There is a secular increase
in height similar in shape and size to the one observed in Brazil by Strauss
and Thomas (1998). The slope in the trendline is steeper for females than
males, as can be deduced from Table 4.3. Additionally, comparing the two
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Figure 4.2 Mean Height by Year of Birth (Ages 25-55)
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parts of Figure 4.2, the slopes for labor force participants are higher than the
slopes for the entire population. This indicates that a larger share of indi-
viduals with better health entered the urban labor market. In Colombia, the

height gains per decade are approximately 0.65 cm for urban men and 0.71
c¢m for urban women. !

1% The age ranges in these Figures are restricted to avoid bias at the ends of the age range. Younger
people may still be growing and therefore have a lower height than their peak adult height, and
older people may shrink. The growth reported here is free of biological growth/shrinkage.
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Table 4.1 Number and Share of Individuals with Disability

Area Sex

Education Rural Urban Male Female All

0 years 52,184 24,606 53,164 23,626 76,790
9.6 6.5 80 9.1 83

1-6 years 139,580 222,164 237,664 124,080 361,744
6.8 6.8 6.5 7.6 6.8

7-12 years 18,315 237,096 150,262 105,149 255,411
4.8 6.3 6.1 6.2 6.2

13+ years 1,298 42,179 13,723 29,754 43,477
3.6 43 2.4 6.6 43

All 211,377 526,045 454,813 282,609 737,422
7.0 6.3 6.2 7.0 6.5

Education Sex

Age 1-6yrs. 7-12yrs. 13+ yrs. Male Female All

18-24 49,186 64,010 3,139 70,496 48,305 118,801
5.4 5.8 3.2 50 6.2 5.5

25-34 85,494 87,591 18,020 118,245 80,457 198,702
6.2 53 4.1 52 6.1 5.5

35-44 81,775 68,222 15,559 398,094 80,226 178,320
6.4 7.4 4.8 59 7.6 6.5

45-59 98,301 28,814 6,544 104,983 55,392 160,375
7.3 7.2 4.9 7.0 79 7.3

60-70 46,988 6,774 215 62,995 18,229 81,224
1.5 88 1.3 121 9.8 1.5

All 361,744 255,411 43,477 454,813 282,609 737,422
6.8 6.2 4.3 6.2 7.0 6.5

Source: CASEN.

Notes: The sample incfudes all persons between ages 18 and 70 in the labor force. Share of total
population is indicated below the number of peaple.

To our knowledge, this is the first time secular height gains have been
quantified in Latin America, except for Brazil. Such information is also avail-
able for the United States, some European countries, some African coun-
tries, and Vietnam. Strauss and Thomas (1998) show that in the United States
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Table 4.2 Mean Number of Days Disabled by Sex, Education, and Area
Area ] Sex

Education Rural  Urban Male Female All
0 years 8.54 10.55 9.38 8.74 9.18
(8.24) (8.52) (8.93) (8.21) (8.72)

1-6 years 8.77 7.37 8.45 6.87 7.91
(8.34) (7.49) (8.32) (6.77) (7.86

7-12 years 6.62 6.22 7.07 5.06 6.24
(5.15) (6.7) (7.07) (5.66) (6.60)

13+ years 3.67 9.66 9.15 9.63 9.48
(0.95 {(10.29) (9.67) {10.41) (10.19)
All 8.49 7.18 8.12 6.65 7.56
(8.09) (7.62) (8.09) (7.17) (7.78)
Education Sex

Age Oyears 1-6yrs. 7-12yrs. 13+yrs. Male Female All
18-24 6.153 5.862 5.51 11.244 6.87 428 5.82
(4.66) (5.9) (5.02) (10.25) (6.25) (4.23) (5.66)

25-34 7.821 6.943 5.866 5.521 6.38 6.36 6.37
(6.5) (6.54) (6.14) (6.24) (6.44) (6.26) (6.37

35-44 8.026 6.936 6.213  13.551 7.53 7.05 7.31
(8.81) (6.77) (8.03) (12.99) (8.35) (8.37) {8.36)

45-59 8.922 9.549 7.672 9.737 10.17 7.12 9.12
(8.83) (9.35) (6.66) (6.41) (9.47) (6.8) (8.76)

60-70 10.627 10.057 12.304 13.046 10.30 10.95 10.44
(9.14) (8.97) (5.26) (13.08) (8.57) (9.61) (8.82)

All 9.18 7.907 6.244 9.479 8.12 6.65 7.56
(8.72) (7.86) (6.6) (10.19) (8.09) (7.17) (7.78)

Source: CASEN.

Notes: Standard deviations are in parentheses; the sample includes all persons between 18 and 70 in the
labor force with at least one day of disability during the month prior to being surveyed.

the mean male stature increased 1.25 cm per decade between 1910 and 1950.
The relative figure in Vietnam was 1.05 cm per decade, and in Brazil 0.77 cm
per decade. Fogel (1994), using historical European data on stature and
weight, reports that mean male height in Sweden increased 0.81 cm per
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Table 4.3 Mean Height in Centimeters by Sex, Age, and Education

Sex Education

Age Male Female Oyears 1-6yrs. 7-12yrs. 13+yrs. All
18-24 169.32 160.40 160.37 162.11 164.72 165.76 164.23
(11.43) (9.98) (14.81) (11.06) (10.97) (14.03) (11.49)
25-34 169.50 160.38 158.27 162.69 164.75 166.84  164.55
(10.10) (9.93) (15.98) (10.82) (10.97) (9.97) (10.96)
35-44 169.13 160.21 160.28 162.50 164.73 167.61 164.30
(9.57) (9.75) (8.27) (10.53) (11.20) (8.15)  (10.57)
45-59 168.05 158.63 158.28 161.62 164.47 168.08 162.94
(8.51) (10.86) (13.19)  (10.53) (10.86) (8.56) (10.91)
60-70 166.41 157.52 157.59 160.92 162.85 166.10 161.32
(10.67) (10.62) (10.74) (10.41) (12.44)  (19.11)  (11.47)
All 168.89 159.81 158.58 162.04 164.63 166.94 163.89

(10.14)  (10.17) (12.46) (10.68) (11.05)  (10.74) (11.08)

Sex

Education Male Female All
0 years 164.66 155.25 158.58
(9.52) (12.79) (12.46)
1-6 years 167.01 158.30 162.04
(9.10} (10.28) (10.68)
7-12 years 169.44  160.72 164.63
(10.63) (9.80) (11.05)
13+ years 171.64  162.01 166.94
(10.25) (9.05) (10.74)
All 168.89 159.81 163.89
(10.14) (10.17) (11.08)

Source: ENH-91.

Notes: The sample includes all persons between 18 and 70 in and out of the labor force; standard
deviations are in parentheses.

decade between the third quarter of the nineteenth century and the third
quarter of the twentieth century. During the same period, the increase in
male stature was 0.64 cm per decade in France, 0.57 ¢cm in Norway, and 1.07
cm in Denmark. Schultz (1996) reports that the gain of height per decade
has been almost 1.33 cm for men and 1 cm for women in Cote d’Tvoire, and
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Table 4.4 Log Hourly Earnings by Education and Health Indicators

Men - Women

Indicator 0 1-6 7-12 13+ All 0 1-6 7-12 13+ Al

No 564 595 .37 7.20 6.16 541 568 622 699 6.05

(0.88) (0.85) (0.82) (0.78) (0.92) (1.14) (1.02) (0.86) (0.73) (1.03)
Yes 555 599 6.42 7.10 6.11 537 565 624 713 599
(1.12) (0.90) (0.74) (0.81) (0.96) (1.08) (1.01) (0.78) (0.64) (1.03)
All 563 596 6.37 7.20 6.16 541 568 622 700 6.05

(0.90) (0.85) (0.81) (0.78) (0.92) (1.14) (1.02) (0.86) (0.72) (1.03)

564 595 637 720 6.16 41 568 622 699 6.05

(0.88) (0.85) (0.82) (0.78) (0.92) : (1.02) (0.86) (0.73) (1.03)
1-7 541 597 641 6.96 6.11 : 557 624 712 599
(1.21) (0.86) (0.71) (0.80) (0.94) : (1.04) (0.79) (0.65) (1.06)
8-14 577 6.04 649 742 6.16 . 580 626 697 6.01
(0.90) (0.96) (0.72) (0.46) (0.93) ; (0.95) (0.68) (0.60) (0.89)
15-29 572 595 638 7.78 6.09 : 562 611 744 583
(1.05) (0.91) (0.90) (1.01)  (1.00) . (1.01) (0.74) (0.77) (1.04)
30 558 6.04 6.56 7.02 6.10 . 6.18 635 718 633
(1.15) (1.04) (0.80) (0.55) (1.06) - (0.73) (1.00) (0.56) (0.92)
All 563 596 6.37 7.20 6.16 ] 568 6.22 700 6.05

(0.78)  (0.92) (1.02) (0.86) (0.72) (1.03)

135-154 690 7.14 743 794 7.24 659 673 715 793 702
(0.61) (0.71) (0.78) (0.47) (0.74) (0.72) (0.72) (0.72) (0.60) (0.81)
155-159 678 7.14 7.41 820 7.29 658 683 727 802 7.9
(1.00) (0.65) (0.66) (0.73) (0.72) (0.63) (0.73) (0.72) (0.66) (0.82)
160-164 654 7.16 7.38 819 7.33 665 688 731 801 728
(0.65) (0.63) (0.70) (0.67) (0.72) (0.59) (0.65) (0.65) (0.69) (0.77)
165-169 6.96 7.16 7.47 8126 7.43 690 686 734 803 736
(0.60) (0.66) (0.62) (0.75) (0.74) (0.69) (0.73) (0.64) (0.68) (0.79)
>169 698 7.21 751 834 7.58 656 684 734 807 739
(0.62) (0.59) (0.63) (0.78) (0.77) (0.94) (0.70) (0.63) (0.65) (0.79)
All 695 7.18 748 831 7.50 665 683 729 802 7126
(0.64) (0.62) (0.64) (0.76) (0.76) (0.68) (0.71) (0.67) (0.67) (0.80)

Sources: CASEN (excluding domestic servants) for disability and number of days disabled, ENH-91 for height.

Note: Standard deviations are in parentheses.
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0.66 cm for men and 0.33 cm for women in Ghana. Although the figures for
these countries are not strictly comparable because they cover different time
periods and represent different historical and economic stages of national
development, the measurements provide useful perspective. They suggest
that the order of magnitude of height changes in Colombia is similar to
what has occurred elsewhere in the world.

The main question addressed by this study is whether or not health
and productivity are related at the level of an individual. Table 4.4 shows the
mean values of the logarithm of hourly earnings for males and females by
education ranges and by different values for health indicators. Although some
cells of the table contain too few observations for the means to be statisti-
cally representative of the subsamples, taller individuals (males and females)
generally earn higher wages, and individuals with more disability earn lower
wages.

Estimates of the Productivity of Health Investments

To assess the returns to health investments, the health indicators are included
in standard earnings equations, with corrections to address potential bias in
those indicators. The analysis proceeds through several stages. First,
Mincerian log earnings equations are estimated under the assumption that
health is exogenous to wages. This is the simplest specification and serves as
a basis for evaluating the impact of correcting for different kinds of bias.
Next, the selection bias introduced by considering only individuals with
positive labor earnings is adjusted with a standard Heckman (1979) correc-
tion for labor force participation. Subsequently, health equations are esti-
mated to understand the determinants of health. These estimates show the
connection between local health policy instruments and adult health out-
comes, and are used to construct instrumental variable estimators of health—
corrected for endogeneity. This procedure generates estimators of health
that are free of “noise” and better indicate the relationship between the part
of health status that is influenced by individual choice and policy and labor
earnings. Finally, the earnings functions are reestimated with these corrected
health status measures.'!

! The sample means and standard deviations of the variables in both surveys can be found in
Ribero and Nuiiez (1999, Tables Al and A2).
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The Determinants of Earnings—A Simple Model

The following earnings function is estimated:
log(w;) = a+Eb,X; + Zc,Cyy + EdyHyi + f; 4.1]

where w, is the productivity measure (hourly earnings), X, contains only
exogenous endowments that are not modified by the individual or family,
C,; are reproducible forms of human capital, and H, are the health status
indicators. In this subsection, the health status indicators are assumed to be
exogenous to the hourly earnings function and not correlated with the er-
rors (f) in equation [4.1]. The parameters 4, b, ¢, and d are estimated; the
error-term (f) is assumed to have 0 mean and be independently distributed.
The subscript i refers to individuals; and subscripts j, &, and h refer to the
specific variables in the sets denoted by X, C, and H, respectively. The sample
includes wage earners and also nonwage workers with positive earnings.

Among the exogenous endowments (X), age and age squared are in-
cluded. The variable in C,; is the number of years of schooling. Although a
dummy variable for migration (equal to 1 if the person lives in a different
place from the residential site five years prior to the survey, and 0 otherwise)
was initially included in set C, this did not affect substantially the coefficients
of health or education in any manner. Therefore these results are not reported.

As health status indicators (H, ,".)) three variables are considered in sepa-
rate regressions:

¢ Disabled—a dummy variable that is 1 when the person did not go
to work at least one day in the previous month because of illness;

¢ Days disabled—the number of days that the person was disabled in
the previous month;'? and the

¢ Height of the individual—measured in centimeters.

The number of days disabled uses the threshold of inability to work to
provide an objective measure of morbidity, just like the binary variable, dis-
ability. However the number of days disabled adds information about the

2The persons who were not disabled in the previous month had a value of 0 in this variable.
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severity of the illness based on its duration. As the empirical results show,
both variables explain more or less the same facts. On the other hand, adult
height—used as an indicator of child nutritional status, exposure to dis-
eases, and variation in other environmental factors (Schultz, 1997)—dem-
onstrates significantly stronger effects on earnings.

To check the robustness of the findings to differences in the sample,
the equations were estimated with and without domestic servants. The co-
efficients of all the variables except for the intercept were effectively the same
when domestic servants were included or excluded from the sample. Simi-
larly the model was estimated separately for wage carners and the self-
employed without revealing any substantive differences. In the results pre-
sented below, introducing two dummy variables—one for domestic service
and one for wage earners—controls the level effects of these different cat-
egories of worker.

Although in estimating equation [4.1] the human capital variables may
be correlated with the error, education is treated as an exogenous variable.
The earnings functions were also estimated separately for men and women,
taking into account that some of the health status and control variables may
differ by sex, height in particular. The earnings function was also estimated
separately for rural and urban areas, though they are linked by the choice of
migration.

The hourly earnings regressions are shown in Table 4.5. A surprisingly
weak correlation is observed between wages and disability and the number
of days disabled. The variables are not significant and do not even have the
expected signs. With regard to the other included variables, the results are
plausible. The weak measured effect of health in these simple estimations
was expected because the health variables are themselves simultaneously
determined and measured with error. Hence it will be necessary to correct
for downward biases introduced by measurement error and endogeneity.

The regressions with height show that, even in this simple model, height
has a significant impact on earnings and has the correct sign. Height ben-
efits men’s earnings more than women’s (comparing the coefficient of the
linear term for males and females). Quadratic terms in height and in the
number of days disabled are included to check for nonlinearities, and only
height and height squared are significant.

Estimations of the model for the whole sample with a gender dummy
confirm that women systematically earn less than men, a result previously
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found in other studies (Ribero and Meza, 1997). Similarly earnings in rural
areas are lower, a result also previously documented by Leibovich et al. (1997).
The age variables are significant and have the expected signs.

Being a salaried worker appears to have different effects on wages in
the two data sources. In the CASEN survey of 1993 that includes both urban
and rural sectors, a salaried worker generally has higher wages than one who
is nonsalaried. The variable is positive and significant for rural males and
females and urban females, but not significant for urban males. By contrast
in the 1991 ENH-91 survey that covers only urban areas, salaried workers
earn less if they are male and more if they are female. These varying results
may be due to changes in labor market conditions between 1991 and 1993,
to differences in the sampling process, or to real earnings differences for
salaried and nonsalaried employment. In the case of domestic servants, earn-
ings are systematically lower than for the rest of the sample.

The model was also estimated excluding the health variables from the
right-hand side of equation [4.1]. Notice that the returns to education are
not altered by the inclusion of health variables in the regressions. The high
degree of correlation between education and health was apparent in addi-
tional regressions (not reported) that used height but not education. With-
out education, the earnings coefficients for height were 0.21 and 0.15 for
men and women, respectively. When education was included, these coeffi-
cients drop to 0.072 and 0.048, respectively.

Hourly Earnings with Corrections for Selection Bias

When an earnings equation is estimated to calculate the returns to hu-
man capital in the population based only on a sample of individuals who
are market participants, the estimated returns may be biased (Heckman,
1979). The selection bias may be particularly serious in estimations of
female earnings because significantly fewer women choose to enter the
labor force. In such cases, the individual will probably take her potential
earnings into account when she decides whether or not to enter the labor
force. By finding variables that simultaneously affect the decision to seek
employment and are unrelated to the observed wage, it is possible to ob-
tain corrected estimates of the returns to human capital through joint
estimation of the probability of receiving positive earnings and the earn-
ings equation itself.
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The model, incorporating the selection correction, then has two parts.
The first is a probit estimation for labor force participation (selection mecha-
nism):

Z; =g'p;t;
z=1ifz;>0andz =0ifz <0
Prob(zi =1)=F(g'pi) and Prob(z,— =O)=1—F(g'pi), [4.2]

where z; = 1 when the individual (i) participates in the labor market, and z,
=0when i does not participate in the labor market. The symbol F represents
the standard normal cumulative distribution function. The error term (u) is
assumed to be distributed with the mean 0, and the variance 1. The sub-
script i refers to individuals, and g' are the parameters estimated in the probit
model. The variables p; determine the decision to participate and are exog-
enous to the market wage offer. In theory, the individual will enter the mar-
ket if the wage offer he or she receives is higher than his or her reservation
wage. It is theoretically appealing to consider variables such as nonlabor
income as determinants of the probability of working because those vari-
ables determine the reservation wages of individuals and may affect their
entrance into the labor market.
The second part of the model is the hourly earnings equation:

log(wi) =a+2b;X; +Zc,Cyy +Zd,Hy,; + f;, observed if z, = 1

(u,-,f,-) ~ Bivariate Normal (0>0,1,5i(,r). [4.3]

The hourly earnings equation [4.3] is equal to equation [4.1], but it is
observed only when the individual is a participant in the market. The sym-
bol srepresents the standard deviation of the error term (f), and r is the
correlation coefficient between the error terms (u) and (f). The variables z,
and p, are observed for a random sample of individuals, but log (w,) is ob-
served only when z, = 1. The model with selection correction included is
then:

E[log(w,- )‘zi = 1] =a+Zb;X; + L, Cp; +Zd,Hy;+7s fﬂ(g'pi) [4.4]
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where Z.( g£'p; ) = j( £'p; )/ F ( £2'p; ), and j is the standard normal probability
density function.

Besides age and education, the additional variables used to explain
labor force participation (p;) were nonlabor income, the dummy for living
in a house or an apartment, a dummy variable for having adequate house
flooring, and a dummy for owning the house in which one lives.!* These
variables are all proxies for the individual’s assets and are expected to reduce
his or her likelihood of participating in the labor force.

The estimates from this model for females are shown in Table 4.6. The
variables explaining labor force participation are significant and have the
expected signs. The nonlabor income proxy and the other proxies for wealth
diminish the probability of participation for the rural and urban samples,
except for the case of adequate flooring in the rural sample.

The returns to schooling in the earnings equations for women are simi-
lar to those found in Table 4.5 for men in urban areas, but they are smaller
(less than one-third) for the rural areas. The significance of the coefficient
for Aindicates that the returns to schooling estimated without the Heckman
correction are not biased for the urban sample, but they are biased for the
rural sample. According to the sign of A, rural women who work, holding
the observables in equations [4.2] and [4.3] constant, are those who would
be paid less, suggesting that they are “pushed” rather than “pulled” into the
labor force.

For women, the productivity effects of disability remain insignificant
after the correction for the labor force participation decision. Table 4. 6 shows
the coefficients of height and height squared change when selection bias is
corrected, but the derivatives of earnings with respect to height evaluated at
the sample mean remain equal, with and without the correction. The pa-
rameter A is significant in the specifications of columns (5), (7), and (8), but
remains insignificant for the others. Although the correction for selection
bias was found relevant in some cases, it is ignored elsewhere in this study
because it is computationally difficult to implement instrumental variables
together with selection bias correction. This does not affect the main con-
clusions of the study because the selection correction appears to have no
significant impact on estimates for the variables that are of primary interest.

B For more details on the definitions of these variables, see Ribero and Nuifiez (1999).
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Table 4.6 Determinants of Women's Earnings Corrected for Choosing to Work

Urban Rural
Variables and Statistics 1 2 3 4 5 6 7 8
Age 0.127 0.083 0.083 0.286 0.099 0.066 -0.016 -0.016
3563 1280 1282 41.37 24.97 820 1.04 1.05
Age¥1000 -1.558 -0.826 -0.826 -3.551 -1.040 -0.693 0.244 0.248
3526 1017 1018 3860 20.10 7.22 135 1.37
Education (years) 0.051 0.106 0.106 -0.014 0.090 0.062 0.032 0.032
2264 3790 3783 4.24 66.64 943 278 2.79
Salaried worker 0.224 0.224 -0.032 0.155 0.155
11.72 11.70 2.79 225 225
Domestic servant -0.700 -0.700 -0.029 —0.580 -0.579
2549 2546 0.26 6.33 631
Nonlabor income/108 -0.946 -1.160 0.161
6.69 11.37 0.28
Occupy complete house  ~-0.135 -0.366
or apartment 3.63 4.11
Adequate floors -0.009 0.103
0.49 2.02
Owner-occupied home 0.021
1.24
Days disabled/100 -0.480 -1.543
0.61 0.71
Days disabled?/1000 0.302 0.821
0.92 0.87
Disabled 0.004 -0.032
0.14 0.33
Height/100 -0.986
589
Height/10* 0.515
7.98
Intercept -2.653 3.225 3222 -3970 4764 -1.865 7.099 7.102
Lambda 0.113 0114 0.404 -1.291 -1.292
(0.06) (0.06) (0.02) (0.08) (0.08)
Rho 0.131  0.132 0.628 -0.851 -0.851
Sigma 0.865 0.865 0.643 1.518 1.519
Log. likelihood -32,807 -32,807 -19,395 -5,200 -5,200
Observations 27,292 11,956 11,956 16,974 9,824 5390 1,472 1,472

Sources: ENH-91 for columns 4 and 5. CASEN for all others.

Notes: Italics indicate t-statistics for the wage regressions using log of hourly earnings and Z-statistics for
probit regressions of whether or not the woman is working (participating in the labor force). Figure in
parentheses for lambda is standard error. Boldface figures indicate coefficients that are statistically

significant at the 10% level.
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The model was also estimated for males, but these results are not re-
ported. The negative effect of the wealth proxies on participation that was
found for females holds for males. However for males the parameter A was
insignificant, implying no sample selection bias. In the absence of selection
bias, the uncorrected estimates are more efficient as well as consistent
(Heckman, 1979).

The Determinants of Health Status

In this section the determinants of the observed health outcomes are ex-
plored. Using information on individuals’ education and wealth, local prices
(0), and the community health infrastructure prices and policies (P), the
model tries to account for variation in the individual indicators of health
status (H). The estimated equation is:

H=g+X¢X,+LhO,+Zr P +1, (4.5]

where g, ¢, h, and r are estimable parameters; ¢ is the error term; /, j, and k
index the sets of exogenous endowments to the individual (X}, private op-
portunities (O), and public policies (P), respectively; and i indexes the indi-
vidual. Equation [4.5] was estimated with probit models when the health
variable is the dichotomous variable for disability. The model was estimated
with ordinary least squares when the health variables were the number of
days disabled in the last month, and height.!*

In the 1993 CASEN survey, the sample includes urban and rural indi-
viduals, and the health variables are disability and the number of days dis-
abled in the last month. The age of the individual is specified as an exogenous
endowment. Nonlabor income and a dummy to indicate the type of hous-
ing were included as indicators of individual private opportunities (O) since
these forms of wealth might shift health outcomes positively by providing
more resources for health maintenance and improvements. Variables to de-
scribe the community-specific environment (P) were derived from various
sources and matched to sample clusters. The variables of P are defined for
52 regions (approximately twice the number of departamentos since most

1 Because the number of days disabled is truncated at 0 and 30, a tobit analysis was also used,
but it did not significantly alter the conclusions.
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of the regions have rural and urban areas). At the municipality level, charac-
teristics that were expected to be related to the health outcomes were cli-
mate, availability of health centers, enrollment in social security,'®
transportation infrastructure, transportation time to reach hospitals, trans-
portation time to reach schools, and availability of water and electricity. Few
of these, however, result in significant correlations and some have a
counterintuitive sign. At the departmental level, the only significant vari-
able was the number of yearly transfers from the central government to the
departamento for health.'®

Regional differences in Colombia are very important. Levels of earn-
ings, formality of labor markets, education levels, and health status are
generally worse in coastal regions than in the interior. The Pacific Coast, in
particular, is known as the poorest region in the country. Although the
altitude variable may capture some of these regional variances, there are
persistent cultural, racial, and institutional differences that are not cap-
tured by climate. To capture some differences due to these elements, two
additional dummy variables were introduced: one for living in a
departamento on the Pacific coast and one for living in a departamento on
the Atlantic coast."”

In the ENH-91 survey, the data covers only the urban population,
and the only health indicator is adult height. The model includes the fol-
lowing characteristics of the individual: age, nonlabor income, and a dummy
to indicate owner-occupied housing. The variables that capture environ-
mental health risks (P) are two indicators constructed at the city level. The
first measures availability of basic services in the households of the com-
munity where the respondent lives. An aggregate indicator of the availabil-
ity of water, sanitation, and electricity was used because the variables entered
separately proved to be insignificant. The second community variable mea-

15 In 1993 approximately 25 percent of urban residents and 8 percent of rural residents were
affiliated with or beneficiaries of the Social Security Institute for health services; 10 percent of
the Colombian population used private health care; and 5 percent were covered by other ser-
vices.

16 Other variables that were available and tested but not included in this final model were: the
number of primary and secondary schools per capita, the number of hospital beds per capita,
average times to reach schools, and average daily hours in schoals.

I” The reference category was residency in the interior.
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sures the percentage of houses in the community that are not overcrowded.
City and strata define the communities or sample clusters for these urban
areas.

Estimation results show that age is an important factor in explaining
the three health indicators, with older individuals tending to have worse
health (see Table 4.7). The coefficients of age and age squared are individu-
ally significant for the number of days disabled and jointly significant for
the probability of having a disability. Estimation of this model using only a
linear term for age (not reported) showed that one more year of age in-
creases the probability of having disability by 0.6 percent and 0.8 percent for
urban males and females, respectively, and by 1.1 percent and 1.3 percent
for rural males and females, respectively.

The negative effects of age on health are larger in rural than urban
areas and for females than males. Nonlabor income is not significant, but
the wealth proxy of living in a house or apartment is negatively related to
the number of days disabled and to the incidence of disability. This wealth
measure is significant in the urban samples. Home ownership is also posi-
tively related to height. These results coincide with the intuition that wealthier
individuals tend to have better health, controlling for the individual and
community characteristics listed in Table 4.7.

The number of hospitals or clinics per capita is not significant, except
in the regressions for the number of days disabled using the urban male
sample. In this case, however, the variable has a sign that contradicts our
expectations, implying that more hospitals or clinics per capita led to more
days disabled in this subsample.

In rural areas, the mode! shows the expected negative sign for the vari-
able “percentage of people directly enrolled in or beneficiaries of social se-
curity,” and it is significant when the health outcome is the number of days
disabled. The econometric model reveals that a 10 percent increase of the
population enrolled would reduce the mean disability for a rural male by
more than 0.2 days. At the same time, the incidence of disability for rural
females would be reduced by two percentage points. In urban areas, how-
ever, the “percentage of people directly enrolled in or beneficiaries of social
security” has a positive coefficient on disability, contradicting the expecta-
tion that access to social security should improve health. This could be due
to the fact that significantly more urban individuals are affiliated with social
security and therefore have greater contact with medical diagnostic services,
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therefore leading to more frequent reports of disabilities even when the ac-
tual incidence is not greater.

Health outcomes were expected to be affected positively by access to
electricity because it allows households to store food more safely (e.g., with
refrigeration) and increases exposure to public health campaigns through
radio and television. Furthermore access to electricity, unlike potable water,
is significantly less widespread in rural areas. Nevertheless electrification
showed no significant impact on health status in these estimations. Climate
variables such as altitude were significant in the rural samples for the num-
ber of days disabled, yielding a negative sign, which implies that people re-
siding at higher altitude enjoyed better health. The negative sign of the
coefficient for altitude was expected since the regions closer to sea level are
more humid and have a higher prevalence of communicable diseases. This
coincides with a general perception that the lowlands in Colombia are less
healthy (Rosenzweig and Schultz, 1982). Estimations with altitude and alti-
tude squared (these regressions are not reported) suggested that nonlinearities
in the effect of altitude on the study’s health indicators are not strong.

The distance in kilometers between the municipality and the
departamento capital is an approximation of travel time, or the cost of using
public health services. This variable was significant only for the explanation
of the rural male subsample’s number of days of disability, with greater dis-
tance being associated with more days of disability. It is intuitive that dis-
tance is significant for a rural sample because urban areas usually have at
least one health center, while rural individuals often have to travel very far to
find one. However, it is hard to find an economic explanation for the gender
difference in this result.

In addition to the other factors taken into account in Table 4.7, living
in the Pacific Coast region contributes positively to disability and to the
number of days disabled for all females (rural and urban) and for rural males.
People living in that region have on average between 0.25 and 0.87 more
days disabled. The dummy variable for residency in the Atlantic Coast re-
gion was significant in reducing the number of days disabled for the rural
male sample, but it did not contribute significantly to individual health in
the other samples. When the models were estimated without the regional
dummies, the other coefficients were very similar.

The estimations for height by gender are shown in column 5 of Table
4.7. Disaggregating by sex, a regression is first reported on age as a linear and
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then a quadratic function to quantify the trend in height and nutrition. The
trend indicates that each cohort has, on average 0.06 cm less height than the
cohort born one year later, and this is more or less the same for males and
females. A woman with one more year of schooling is expected to be 0.3 cm
taller, while a man with more schooling is 0.4 ¢m taller, holding only age
constant. When other individual characteristics—such as nonlabor income,
owner-occupied housing, and community characteristics—are taken into
account, the partial association between schooling and height decreases.

Owner-occupied housing is a significant determinant of height and has
the expected positive sign. The wealthier an individual is, the better his/her
health status is. The percentage of houses in the community with basic ser-
vices is correlated with individual height and has a positive sign. Residingin a
community with a high level of basic services is associated with greater indi-
vidual height, although only the male coefficient is significant. The supply of
adequate housing, measured by the percentage of houses in the community
with adequate number of rooms per person, is also associated with better
health outcomes for individuals (males and females) as measured by height.

When wealth is interacted with public policies to analyze the personal
distribution of health benefits, the product of nonlabor income and the per-
centage of community houses with adequate space per person is significant
and positive. This suggests that nonlabor income and the adequacy of com-
munity housing are complementary. In other regressions, run with the same
explanatory variables but excluding the interaction term, nonlabor income
was significant and positive, and the effect was greater for females than for
males (not reported).

Tests of joint significance of the identifying variables imply that they
are jointly significant. The hypothesis that the coefficients of the identifying
variables in each model are jointly equal to 0 can be rejected at the 10 per-
cent level.

Earnings Equations with Corrected Health Indicators

In this section, the earnings function [4.1] is reestimated because the hu-
man capital health stocks (H) may be correlated with the earnings error or
be measured with error, imparting bias to single equation estimates. These
problems are addressed by estimating equation [4.1] using instrumental
variable (IV) methods. The estimated equation is:
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log(w, )=a+2Zb. X, +Zc,C.. +Zd, H. .+ f: [4.6]
g\W; jji k™ki [ al * i

where w; is the hourly earnings, in contains only exogenous endowments,
C,, are forms of human capital, and H 4; are the endogenous health status
indicators. The health status variables are assumed to be endogenous be-
cause they result from a process that is systematically related to individual
resource opportunities (0), and community prices and policies (P). The
fitted health indicators (H',;) are computed using the estimated parameters
from the equations of health determination in the previous section.

A A

The identifying instruments used to predict H' are included in the
environmental variables (P) and (O).!2

Table 4.8 reports the estimation results for the model using instru-
mental variables for health. The pattern of health effects changes signifi-
cantly when using the IV method to correct for bias. The health variables
are now more statistically significant and appear to affect wages in the ex-
pected directions.

For the dummy variable “disability,” the impact of health is negative
and significant for all the samples, although they are more significant for
males than females. This is the expected sign for this variable, and it was not
observed in the estimations without IV methods that are shown in Table
4.5. Having a disability in a given month decreased the earnings of urban
men by 25 percent and urban women by 13 percent. In rural areas, earnings
appear to be reduced by 34 percent and 17 percent, respectively.! In each
case, the effect is statistically significant for men but not for women.

The effect on earnings of the number of days disabled is negative and
significant for men and women in the rural samples when the health indica-
tor enters linearly. The coefficients indicate that one more day of disability

'8 The squared endogenous variables are computed by running first-stage regressions on the
quadratic term and using that auxiliary regression to predict the squared endogenous variable.
These auxiliary regressions can be found in Ribero and Nufiez (1999, Appendix, Table A-4).
19 Note that the percentages reported here differ from the coefficients reported in Table 4.8
due to the log-linear nature of the specification. The percentage change is equal to (e? — 1),
where b is the reported coefficient.
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experienced in rural areas reduces male earnings by about 28 percent and
female earnings by about 13 percent. When entered quadratically, the mar-
ginal impact of an additional day ill in rural areas for men and women who
are healthiest (i.e., no days ill reported) is less than 5 percent, but is associ-
ated with more than a 50 percent reduction in earnings for individuals who
reported seven days disabled. The results in urban areas are less reliable. For
the estimates in which days disabled are entered linearly, the coefficients are
insignificant; whereas the quadratic specification yielded implausibly large
effects, on the order of 90 percent reductions in earnings. In sum, these
results indicate that health does have an impact on earnings in rural areas,
and that days disabled is an effective health measurement in rural areas when
properly instrumented. For urban areas, the results are less clear—either
because health has a smaller impact on wages or because the days-disabled
measure is less accurate as a proxy.

The instrumented models in columns (4) and (5) of Table 4.8 show
that height is significant in the determination of wages, in both the linear
and quadratic specifications, for both males and females. The size of the
coefficients in the linear specification of column (4) is much larger than the
corresponding OLS estimates from Table 4.5 (the male coefficient is 11 times
larger, and the female coefficient is 14.5 times larger). This indicates that
when the endogenous character of height is taken into account, the “true”
effect is substantially greater.

According to these estimates, a taller man receives hourly earnings
that are 8 percent higher per centimeter, and a woman receives hourly earn-
ings 7 percent higher per centimeter. The size of the returns in Colombia
are in line with those found in Ghana (Schultz, 1996), where a 1 cm increase
is associated with a wage gain of 5.7 percent for males and 7.5 percent for
females, using instrumental variables and holding constant for BMI and
migration. In Céte d’Ivoire, the effect of male height is not significantly
associated with a wage gain based on instrumental variable estimates, hold-
ing constant for BMI and migration. These estimated returns to height in
Colombia reveal that investments in childhood nutrition may be of great
importance for future labor productivity and growth.

Unlike other studies, returns to education appear to be unaffected by
the correction for bias in the health measures, and are approximately the
same as those shown in Table 4.5. The returns to education change only
slightly from 9.8 percent without height to 9.1 percent with height for ur-
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ban men and from 9.6 percent without height to 9.0 percent with height for
urban women. They are approximately equal when the instrumental vari-
ables for disability or the number of days disabled are included in the earn-
ings equation.

Strauss and Thomas (1995) used survey data from urban Brazil and
found that relative to the returns to education without controlling for health,
the estimated returns to education with health controls were 45 percent
smaller for literate men and 30 percent smaller for men with secondary edu-
cation or more. Schultz (1996) finds that the estimated wage returns to
schooling are reduced between 10 percent and 20 percent with the addition
of three other human capital inputs in the regression: migration, BMI, and
height. Parker’s study in Chapter 3 also finds reductions in the returns to
education for elderly Mexicans of as much as 50 percent when health vari-
ables are included; however, the returns to education are almost invariant to
the introduction of health in the earnings equations in this Colombian data.

Policy Simulations for Health Status and Earnings

The last step of the research combines the estimates from the earnings func-
tion and the health outcome equations to simulate how changes in policy
variables are likely to affect lifetime earnings. In order to apply this proce-
dure, the simplifying assumption is introduced that the effects of health on
wages are uniform over the life cycle. The effects of policy changes on the
probability of having a disability, on height, and on productivity are pre-
sented. These calculations rely on the parameters estimated in Tables 4.7
and 4.8.

Most of the policy variables were not significant for the explanation of
disability (see Table 4.7), which makes it difficult to draw many inferences
from the model. Therefore, the only variable considered for simulations with
disability was the coverage of affiliation with social security. Table 4.9 shows
the impact of affiliation levels on the probability of being disabled when the
share of individuals with social security coverage in the departamento and
area (urban or rural) is increased by 10 percent, 20 percent, and 30 percent.
The second part of Table 4.9 shows the associated changes expected in log
earnings from this policy.

The simulation demonstrates how greater affiliation with social secu-
rity in rural areas would decrease the probability of being disabled and would
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Table 4.9 Policy Simulations Affecting Disability, by Area and Gender

Incidence of Disability

Urban Urban Rural Rural
Male Female Male Female
Model Prediction of Incidence 0.050 0.069 0.068 0.077
Change in coverage of social security:
Increase by 10% 0.051 0.071 0.067 0.075
Increase by 20% 0.052 0.073 0.067 0.073
Increase by 30% 0.054 0.076 0.066 0.071

Mean Hourly Labor Earnings

Urban Urban Rural Rural
Male Female Male Female
Model Prediction {pesos per hour) 535.500 448.855 293.536 262.146
Change in coverage of social security:
Increase by 10% 533.415 447332 294.241 263.038
increase by 70% 531.339 445813 294.919 263.934
Increase by 30% 529.271 444 300 295.627 264.860

Sources: Calculations from Tables 4.7 and 4.8 and CASEN.

increase productivity, while the opposite would hold in urban areas. Ac-
cording to the model described by equation [4.5] and controlling for the
other variables included in columns (1) to (4) of Table 4.7, an increase of 20
percent in social security coverage in rural areas could reduce the probabil-
ity of being disabled by 5.3 percent for rural women and by 2.1 percent for
rural males. This particular change would be associated with a productivity
increase of 0.7 percent for rural women and 0.5 percent for rural men, after
controlling for the other variables included in columns (3) and (8) of Table
4.8. This conclusion must be viewed cautiously since the link between social
security and better health may not be causal. In urban areas, social security
may be simply associated with a higher tendency to report illness, so that the
indicator may only be reflecting the formality of labor markets in these sub-
regions.
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The effect on height and the consequent changes in earnings from
performing diverse simulations are shown in Table 4.10. The first row shows
the estimated model without variations. Subsequent lines show diverse simu-
lations with “percentage of houses in the community with basic services”
and “percentage of houses in the community with adequate number of rooms
per person.” Simulations confirm that both policies would be positively as-
sociated with height and earnings, as expected from Tables 4.7 and 4.8. Al-
most all the simulations produced a greater impact on female height than
on male height, but the related increases in earnings to each policy are higher
for males than for females. This is consistent with the fact that the produc-
tivity effects of height for males are higher than for females. The effect on
earnings of increasing the provision of adequate housing would be greater
than that of increasing the provision of public services. Holding constant all
the other variables included in the models and assuming that it was possible
to increase by one-third the “percentage of houses with adequate number of
rooms per person,” height would increase by 2.2 percent for females and by
1.9 percent for males. The implied health status improvements could be as-
sociated with substantial increases in hourly earnings of 27 percent and 29
percent for women and men, respectively.

Conclusions

The main finding of this study is that health does have a significant and
sizeable impact on individual earnings. The study identified the magnitude
of the returns to having good health status through the direct effect of health
variables on earnings of individuals. One more day of disability is associ-
ated with a decrease in earnings by rural men of 28 percent and by rural
women of about 13 percent. Having any disability in a given month was
associated with lower earnings for urban men and women of 25 percent and
13 percent, respectively. Of all the health measures, adult height was the
most robust and consistently significant. In Colombia, after controlling for
other factors, men earn 8 percent more per centimeter, while women earn
about 7 percent more. These effects appear to be stronger than those found
in studies of two African countries (Schultz, 1996).

A general result, whichever health status measure is chosen, is that
wealthier individuals (those who have higher nonlabor incomes, own their
dwellings, or live in a house or apartment) tend to have better health, even
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controlling for age, community characteristics, and geographic location.
Wealthier individuals also appear to be healthier when they reside in wealthier
communities (as measured by the community average for rooms per per-
son), confirming the expectation that community resources complement
individual resources in improving health status.

Analyzing health status determinants also demonstrated ways to im-
prove health through public policy. Social security coverage in rural areas
was one of the most important factors in explaining disability. Greater cov-
erage was associated with fewer reported illnesses. By contrast, greater ur-
ban social security coverage is associated with worse health status. This
relationship may, however, be spurious since social security coverage could
be correlated with some negative and unobserved factor or with an unex-
pected sample bias. Rather than individual health improving in tandem with
social security coverage, at some threshold increased coverage may simply
lead to respondents reporting illnesses more often, accounting for the find-
ings in urban areas. A more troubling conclusion would be that urban social
security services are so poor that they threaten health status, leaving benefi-
ciaries worse off than those who don't qualify for or use the system.

In urban areas, individual wealth and favorable environmental condi-
tions such as the provision of public services and adequate community hous-
ing were the most important determinants of health. In analyses using adult
height as the health measure, an increase in the supply of adequate housing
was strongly associated with better health and earnings. Housing policies
generally would benefit the health status of men and women comparably,
but would generate slightly larger earning gains for men probably due to the
structural differences of reward and opportunity for men and women in the
labor market.

Finally, it should be noted that the quality of available information
about public health interventions limits the study. Despite a major effort to
collect social and environmental data at the departamento and municipality
levels and merge it with results from individual household survey data for
analysis, most of these general indicators could not account for the varia-
tion in individual health indicators. Although several patterns are sugges-
tive, variables that were expected to be highly correlated with health
outcomes—such as the coverage of vaccination programs for different dis-
eases, the regional supply of hospitals, the number of hospital beds per re-
gion, and the number of primary and secondary schools—were not
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significant. This, however, may simply reveal the lack of reliable informa-
tion and/or the need for better indicators of the standards and costs of health
services. While one could conclude that health services have negligible im-
pact on the indicators used in this study, it is also possible that what is being
measured is simply the poor quality of services presently available.

Future research that utilizes adult height as a measure of health looks
particularly promising. This kind of research should be extended by collect-
ing data that measures acute and chronic illnesses and weight in relation to
height, and improving the database on local policy and environmental con-
ditions. This would permit a firmer case to be made for targeting invest-
ments in particular health programs and policies that could raise labor
productivity by improving the health status of Colombians.
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CHAPTER 5

The Returns to Health
for Peruvian Urban Adults
by Gender, Age, and across

the Wage Distribution

Edmundo Murrugarra and Martin Valdivia'

This chapter analyzes the determinants of health status for urban adults in
Peru and estimates the impact of health status on earnings. Using the reported
numbers of days ill as an indicator of an individual’s health status, it was pos-
sible to show that household infrastructure and the associated costs of reaching
health centers have a significant effect on health. Schooling effects on health are
also found important, especially among older people. When the former vari-
ables are used as instruments to correct for endogeneity and measurement er-
ror in the health variable, health status has a strong and positive impact on
wages, especially for males. Using quintile regression techniques, this paper finds
that the largest effects of illness on productivity are estimated among those in
the bottom of the wage distribution. The lowest-paid workers have their hourly
wages reduced by 3.8 percent due to one day of sickness. Other important effects
are found by type of employment, where the effects on the self-employed are
larger, especially among the eldest (—4.3 percent). Private-sector workers have a
smaller but significant reduction due to illness (—1.8 percent). These results
suggest that the impact on wages is stronger for jobs in which productivity and
health are more closely connected or better observed, as in the private sector
and among the self-employed.

! Dr. Edmundo Murrugarra is with the World Bank, and Dr. Martin Valdivia is with the Centro
de Investigacion y Docencia Econémicas (CIDE) in Mexico and the Grupo de Anilisis para el
Desarrollo {(GRADE) in Lima, Peru.
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Introduction

The empirical connection between investments in education and wages has
been widely analyzed in both developed and developing countries. The la-
bor market returns to investments in health have been studied much less,
even though the connection has long been implicit in development litera-
ture through concepts such as efficiency wages.” Health effects have not been
explored enough because databases seldom include both health variables
and measures of wages or productivity, and also because of the empirical
difficulties in identifying them.

Two problems arise in estimating the impact of health on earnings.
First, measurement error appears since adequate measures of health status
are generally scarce in developing countries, especially for adults. The com-
monest available indicators involve self-reported morbidity (days ill or days
disabled), but they face serious limitations due to self-reporting biases
(Schultz and Tansel, 1997). Second, endogeneity of health represents poten-
tial biases in the estimates. It is not only that healthier individuals tend to be
more productive, whether at work or school, making them more likely to
receive higher wages in the labor market. Richer individuals will also tend to
be healthier, either because they have more resources to spend on health or
because they have more knowledge about how consumption choices and
behaviors affect personal health. In that context it is difficult to infer the
impact of health policy interventions on individuals’ earnings.

This chapter estimates the effects of health—as measured by the days
ill that adult respondents report for the four weeks prior to being surveyed—
on the average hourly income of wage earners and self-employed individu-
als in urban Peru. The database comes from the 1994 Peruvian Living
Standards Measurement Survey (PLSMS). In principle, it is assumed that an
equation representing the determination of wages includes an unobserv-
able health status variable, which must be approximated by the observed
morbidity indicator. Using these tools, this study analyzes the nature of the
interaction between the two classical measures of human capital, education
and health. Secondly, the study examines the effects of health on wages us-
ing different subsamples based on gender, age, income rank, and type of

% For an overview, see Strauss and Thomas (1995).
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employer (public or private; large or small) and employment (blue collar or
white collar; wage earner or self-employed).

To properly estimate these effects, a predicted value for health status
from a health equation is used to control for the endogeneity and measure-
ment error in the available health indicator. The health equation is obtained
by solving a household modet that has health in the utility function, and a
particular production function for health. Individual health outcomes are
thus a function of individual, family, and regional characteristics. To iden-
tify health in the wage equation, sanitary infrastructure and the availability
of health services are used as variables that directly affect health but not
wages.

The analysis will proceed in six stages. First, we describe the model
used to derive the wage and health equations. Second, the nature of the data
in the 1994 PLSMS is discussed, focusing on the relationship between health
and wages. Third, we describe the econometric model used to estimate both
equations and discuss the strategy for correcting bias. Fourth, the relation-
ship between health and earnings is examined more deeply by looking at
different subpopulations. The final section summarizes the findings and
weighs the implications for policy and research.

The Conceptual Model

The first step is to describe how health affects individual and household
decisions. This analysis is based on a household model with constrained
maximization of a joint utility function, following the framework initiated
by Becker (1965). It is assumed that a household with » members is run by
the household head who maximizes a utility function (U), which depends
on the consumption, health, and leisure of all members,’

U=U(c",h",l") i=1,2,0n (5.1]
c":(c",...,c".,...,c".) i=1,2,.m
1 ] J

*This is equivalent to assuming that household members have identical preferences, that a
dictator rules the household, or generally, that it is a unitary household model. Assuming that
bargaining determines intrahouschold allocations complicates the results without providing
additional insights for the goals of this paper.
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where, i.e., C' is a J dimensional vector, with elements corresponding to a
commodity group, k' denotes the health status, and I’ denotes the leisure of
member i. It is assumed that the utility function is continuous, strictly in-
creasing, strictly quasi-concave, and twice-continuously differentiable in all
its arguments. Also, it satisfies the Inada conditions, i.e., the marginal utility
U, > as x—0,for x=c',h',I, for all examples of i.

The health status of each household member is determined by a gen-
eral production function:

h = hi(Ci,Yi,li,Zi,X‘i,Z‘i,F,ui,u'i) i=1,2,.on  [52]

where Y’ denotes the consumption of health-related inputs by the indi-
vidual (i), Z' denotes the member’s observed characteristics, F denotes the
access to sanitary/medical infrastructure, and u denotes the vector of un-
observed characteristics. Also, X~ denotes the consumption, health, and
leisure of the other members of the family; and Z~ and u~ denote their
vectors of observed and unobserved individual characteristics, respectively.
The specific variables that appear in the health production function change
if the i member is an adult, a child, or an infant. For instance, in a child’s
health production function, milk consumption and parental education are
important components in C' and Z~, respectively, although they would
probably be unimportant in an adult’s health production function. Since
adults tend to take care of themselves, only their own education would
matter. In the case of adults, the set of unobservable characteristics (1)
includes the health and nutritional status in earlier years, especially child-
hood.

The household also faces a full-income constraint, which is derived
from the time and income constraints:

J k
i i i_ i _
jElZi P]C] ——k=E]+IZi PkYk+§Wl —Zi WT + V—S [5.3]

where P, represents the price of the j™ consumption good, P, represents the
price of the k™ health-related input, V is nonlabor income, w is the wage
rate, T' is the total time available for the it" adult member, and $ is the full
income. Nonlabor income (V) includes net profits of any home enterprise,
as well as other rents.
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The reduced-form health demand function for adults would be as fol-
lows:*

= h(PC,Py,S,F,Zi,ui) [5.4]

Although the conditional demand functions have the usual proper-
ties, this is not true for the reduced-form demand equations in [5.4]. The
key point is that consumption affects health too, and substitution effects
may attenuate some of the direct effects. For instance, as pointed out by Pitt
and Rosenzweig (1986), a decrease in the price of health services (P)oran
improvement in sanitary or housing infrastructure (F) could generate sub-
stitution in consumption patterns that can reinforce or attenuate the posi-
tive health effects of such changes. Consequently nothing conclusive can be
said about the effect of prices or even of sanitary infrastructure upon health
status, prior to empirical analysis.

Finally, following Mincer (1962) or Mincer and Polacheck (1974), the
hourly wage equation is defined as a function of the individuals’ working
experience (A), education (E), health status (h), and regional variables that
characterize local labor markets (L), as in:

w; =w(Aij,Eij,h,-]-,Lj;£,j,) (5.5]

The specific functional forms for equations [5.4] and [5.5] to be used
in the empirical analysis are discussed after the description of the data.

The Peruvian Data
The 1994 PLSMS contains information on adult morbidity and net income

for wage earners and the self-employed, as well as characteristics of 19,284
individuals in 3,623 urban and rural households.’ The analysis in this chapter

4 The health production functions are assumed to be twice-continuously differentiable, strictly
increasing, and strictly concave in all arguments. Then the constraint set formed by [5.2] and
the full-income constraint [5.3] is convex, and the optimization of [5.1] yields a unique solu-
tion. Assuming that the health production functions satisfy the Inada condition guarantees
the solution to be interior.

5See Grosh and Glewwe (1995) for more details on LSMSs.
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Figure 5.1 Self-Reported Ocurrences of lliness and Disability for Peruvian
Adults (%)
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is restricted to urban areas because rural labor markets have a very different
pattern of wage determination that would probably require a more compli-
cated model.® Further restricting the analysis to adults between the ages of
16 and 60, the final sample tgJe is 6,610 individuals, of whom 3,102 are
males.

The health measure used in this chapter is the number of days sick or
injured reported by respondents for the four weeks prior to being surveyed.
Typically LSMSs include a sequence of questions on health and sickness.
They begin by asking, “Have you had any illness or injury during the past
four weeks?” and then ask about the number of days sick, the number of
days disabled due to sickness, and other related information. Among these
variables, the number of days sick was chosen because it was presumed to
contain more information about the latent health status of individuals. That
is, it was presumed that an individual with fewer days sick in the last four
weeks is generally healthier than one who reports more.

The typical problem with self-reported health status indicators is that
they are contaminated by other individual characteristics such as education
and other measures related to the ability to detect illnesses. Given two simi-
lar individuals, the one with more unobserved skills to detect an illness would

¢Valdivia and Robles (1997) look at Peruvian labor markets, providing information on rural
and urban differences.
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Figure 5.2 Distribution of Days Ili for Individuals Reporting illness (%)
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tend to report a larger number of sick days than the one who is less skilled.
This would generate a positive bias for health variable coefficients. Thus
Schultz and Tansel (1997), in their study of Ghana and Céte d’Ivoire, used
the number of days disabled (i.e., days the individual was unable to work
due to illness), assuming that this indicator is less biased since it is arguably
more objective. However it also loses considerable morbidity information
since those sick but not disabled are considered to be just as healthy as are
those who experienced no illness at all. In this sense, there is a tradeoff be-
tween using a stricter measure that loses information, or using a measure
that is more subjective but also more informative.

In the PLSMS, 27 percent of the individuals between 16 and 60 years
old reported having been ill or in an accident during the four weeks before
the survey (see Figure 5.1). About a third of those individuals also report
having been disabled.

The days-ill variable is not only censored at 0 but also at 28 days since
the question refers to the number of days that the individual was ill during
the prior 4 weeks. As mentioned before, 73 percent of surveyed individuals
did not report any sickness. Figure 5.2 shows the distribution of individuals
by the number of days they reported being ill, including only those who had
at least one reported day. Note that 14 percent of this subsample reported
being sick for all 28 days. Overall, the average number of days ill is about 2.5,
but the number is positively correlated with age, as can be seen in Figure 5.3.
For instance the average number of days ill is less than 2 for individuals
under 30, but rises above 4 for individuals over 50. This trend is not only the
result of a higher probability of getting sick as one ages, but also of older
people tending to get sick for longer periods.
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Figure 5.3 Average Reported Days I, by Gender and Age Group (Includes
respondents with no days ill)
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The main question here is the connection between health and pro-
ductivity, with the latter measured by earnings in the labor market. Thus
one must understand how features of this particular labor market are likely
to affect wage determination. One cannot ignore the fact that a considerable
fraction of the labor force is self-employed, and the percentage has been
growing over time. In the 1994 PLSMS, about 33 percent of individuals aged
16 to 60 were employed in the wage sector, while almost 27 percent were
self-employed.” These proportions represent 56 percent and 44 percent of
all working individuals, respectively. The rest were unemployed, working as
unpaid family workers, or not participating. The self-employment rate also
differs by gender, accounting for 49 percent of working women, but only 41
percent of working men.

Earnings are measured by the average hourly wage or net income dur-
ing the 12 months prior to the interview. This indicator varies significantly
between sectors, with the self-employed earning more, on average, than

7 Descriptive statistics for the full sample can be found in Appendix B of Murrugarra and
Valdivia (1999).
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wage earners. When differences are examined by gender, self-employed men
seem to be better paid than their wage sector counterparts. Among women,
however, wage earners fare slightly better, but the difference is insignificant.
This may reflect a gender gap in the accumulation of human capital since
self-employed women have four fewer years of education on average. Dif-
ferences can also be observed in morbidity indicators. The self-employed
report the most days ill during the previous four weeks, followed by those
who are not participating in the labor force. Wage earners report the fewest
days ill.

Given the observable differences among individuals in different em-
ployment sectors, other unobserved variables in the wage equation could
also affect the sector selection process, potentially generating some self-
selection bias. Therefore one must control for such selectivity in order to
estimate wage equations for each sector. The next section discusses the econo-
metric techniques used to address some of the potential biases in this study.

The Econometric Methodology for Resolving Bias

This section discusses the entire system of regressions that are necessary to
address the selectivity, endogeneity, and measurement error biases that were
discussed above. This system is composed of three equations: the health
status equation, the labor force participation equation, and the wage equa-
tion. First, the model specification for each of these equations is presented.
Then, the simultaneity issues that complicate the estimation are discussed.

Finally, a complete strategy to estimate the desired unbiased parameters is
described.

The Health Status Equation

First, we specify a latent health variable (h") that is determined by a linear
specification of equation [5.4] from the earlier discussion of the conceptual
model. In particular,

K =Hp=u, where H,=(P,P,S,F,Z')

As we observe only the proxy, number of days ill (h), the relationship
between h” and h is given by the following conditions:
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0 if b = H B+u; <0,
h=4 h*if c>K =Hf+u; >0, [5.6]
28if i =H f+u;>c.

The double censoring of the proxy (h) requires that h* be estimated
through a two-limit tobit model. Following Lee (1981), predicted values
fl,— =H iﬁ are obtained, and this constructed variable is inserted in the wage
equation. To identify health (H) in the wage equation, food prices, housing
infrastructure, and indirect health cost are used as instrumental variables.
These variables are assumed to be highly correlated with individuals’ health
status and uncorrelated with individual wages. Both assumptions will be
tested with appropriate specification tests.

According to equation [5.4], self-reported individual health status de-
pends on prices of consumption and health-related goods, total household
income, access to sanitary infrastructure, and observed and unobserved in-
dividual characteristics. Here, self-reported morbidity events for the four
weeks prior to the survey are used as a proxy for (negative) health status.

For measures of full income (§), the household’s productive and non-
productive assets are used. The values of the house and other durable goods
are included as nonproductive assets. A dummy for the operation of a house-
hold business is included as a measure of productive assets. Reported profits
from household businesses are not used since there is considerable report-
ing error in the data, a phenomenon previously observed in other develop-
ing countries (Thomas and Strauss, 1997).

Individual observed characteristics include the age of the individual
and his/her education, among others. Measures of sanitary infrastructure
(F) include the existence of indoor connections for potable water and sew-
erage, and whether the dwelling has proper floors, walls, and roofing. Dirt
floors tend to provide less-healthy environments. For prices of health ser-
vices, proxies are constructed using the costs of service access, e.g., the dis-
tance to the health center and the waiting time before treatment. Since these
indicators are reported only by those who were sick and received medical
care, the district averages are used. Given intradistrict correlation of errors,
the corrected covariance matrix suggested by Moulton (1986, 1990) is ap-
plied.
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The Sector Choice Model

As discussed previously, the estimated wage equations in each sector must
be corrected for potential selectivity biases. The choice of sector is esti-
mated as a multinomial logit (MNL) model, from which correction terms
are constructed following Lee (1982, 1983). Specifically, we identify three
employment status choices (0 = nonparticipation, 1 = wage earners, and 2
= self-employment),® and estimate an MNL in which nonparticipation is
the base category and in which the underlying latent variable is a linear
function of a set of observable characteristics of the individual (B,). That
is,

where v; is an unobserved error term and G is the variance of this term.
Then, an individual (7) chooses to be in sector (k) if:

b,, = max {b;}, for $=0,1,2. [5.8]

This choice model has a utility interpretation in which b, is inter-
preted as the indirect utility for an individual (i) of choosing sector S. A
utility-maximizing individual will behave as in equation [5.8]. This equa-
tion includes controls for individual, household, and community character-
istics. The variables used to identify labor force participation are community
labor market characteristics, household assets, and other nonlabor income,
as defined for the health status equation.

The Wage Equation

Given the employment status choice, each individual has an associated wage
in each sector, which is described by the following equation:

In (wSi)= 050+ 65, E; + 05,4 +5S3};ij +05,L;+ &g, for S=1,2[5.9]

8The self-employment sector includes both independent workers and owners of firms.
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since no equation is estimated for the nonparticipants. The earnings equa-
tions for wage earners and self-employed individuals are estimated, taking
into account the necessary selection correction that is analogous to the
Heckman two-step estimation procedure (see Lee, 1983).

The selection correction term variable is identified in the wage equa-
tion through the inclusion of household assets and nonlabor income in B,
which are assumed to be highly correlated with individual participation in
the wage labor market but uncorrelated with individual wages. Both assump-
tions will be tested with appropriate Wald tests.

The controls include potential work experience and its square, de-
fined as the number of years after leaving school. The terms for experience
and education in [5.9] could be included in different ways. Age and health,
for instance, could include a linear as well as a quadratic term. Schooling is
included in a spline specification in order to capture differential returns to
education at each education level. Three terms are included. First is the simple
number of years of schooling, which is interpreted as the returns to pri-
mary education. The second term, the secondary spline, is the product of a
dummy that equals 1 if the individual reached some level of secondary edu-
cation, multiplied by the number of years. It captures the additional returns
to secondary schooling, defined as years 7 to 11 of education. The third
term, the higher spline, is defined analogously for postsecondary schooling
and captures the returns to higher education beyond results obtained at the
other two levels. Consequently, the returns to an additional year at the uni-
versity, for instance, would be obtained by adding the value of all three co-
efficients.

Firm-size controls were also included in the earnings equations for
wage earners, following the research by Anderson Schaffner (1998). A firm
is classified as a micro firm if it has between 6 and 10 workers. Firms having
between 11 and 20 workers are classified as small; those with more than 20
but no more than 200 are medium-sized; and those with more than 200 are
large. The omitted category is the firm that has one to five workers. Even
though wage effects of employer size are not totally explained by unioniza-
tion, regulatory compliance, or higher worker quality, the wage premium
associated with working for a larger employer is still found to be important
in developing countries, and in Peru in particular (Anderson Schaffner, 1998).
In order to capture the potential employer-size wage premium, indicators
were included for the four firm categories described above: micro, small,
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medium, and large. A control was also included for the degree of market
arrangements in each province that may affect the hourly payment in either
wage or self-employment.

The community variables included in the model are the local unem-
ployment rate and the percentage of hired labor in the locality. For each
province, the share of labor days worked in exchange for a wage is the indi-
cator of local labor market development. Presumably when local labor mar-
kets are more developed, the number of labor days worked for a wage rises
relative to the number of labor days worked by the self-employed and by
unpaid family members. The selection correction term is reported as “IMR”
in the tables. Regional dummies are also included to control for geographic
differences among the regions compared to Lima (the omitted category).

Some Empirical Issues in the Estimation of the Effects
of Health Status on Productivity

In the 1994 PLSMS, a relatively small percentage of individuals reported
being ill. This presents a problem when estimating the relationship between
health and productivity because the health indicator contains less informa-
tion. That is, the health indicator cannot distinguish health status differ-
ences among those who did not report any sickness. This problem is
circumvented by using the predicted estimate from a tobit model as an in-
dex for the latent health variable. By using the estimated index, it is assumed
that a healthier person has a lower index (more negative), providing a basis
for evaluating whether this implies a higher productivity for the individual.
This estimated index is used in the second-stage wage equation.’

Some further caveats regarding the econometric strategy should be
mentioned. First, unobserved heterogeneity in the health status regression
could cause several problems. If those unobserved characteristics are cor-
related with the regressors, the estimates might be biased. On the other
hand, if these unobserved components are not correlated with observed
characteristics, heteroscedasticity patterns might appear. Even though
this problem does not affect consistency in linear models (OLS), it is a

% A referee pointed also to the possibility of using a censored estimated index. The large cen-
soring fraction made this inappropriate. Moreover, to the extent that the symmetry assump-
tion in the tobit model holds, the estimated index recovers the censored latent variable.
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potential source of inconsistency in nonlinear models (see Maddala, 1981,
p- 179). The conditional expectation, however, is still consistent, and this is
the instrument used in the second-stage estimation. Second, the tobit equa-
tion actually identifies the parameters of the model based on the uncen-
sored section of the data. The conditional expectation used in the second
stage is based on those estimates to predict the latent health status variable
for the entire working sample. The assumption is that the estimated pa-
rameters from the health equation [5.6] are common for all individuals.
Third, to obtain the conditional expectation of the health status through
the tobit estimates, a normality assumption is imposed. While this is a di-
rect approach to the problem, the conditional expectation loses any
nonnormal behavior that could be present in the latent health variable. If
these data peculiarities are important, a more flexible approach should be
examined. It must be mentioned, however, that these caveats could not be
circumvented when the censored portion is relatively large, as in the case
of this study.!°

Health and Productivity
The Health Status Equations: A Two-Limit Tobit Model

The health status equation is estimated as a function of individual charac-
teristics (age, schooling), household characteristics (such as assets and hous-
ing infrastructure), cost of health services (distance and waiting time for
medical care), and regional and date-of-interview controls. In addition to
age and education, the individual characteristics include rural background
through a dummy that indicates who migrated from the countryside. Some
interaction terms are also included: first, the interaction between schooling
and age and the implicit health prices; and second, the interaction between
rural background and age.

Table 5.1 shows the results of the estimation of the tobit model for
males and females.!! Since days ill is negatively associated with health status,

10 For more details on alternative estimation strategies and qualifications of these results, see
Murrugarra and Valdivia {1999).

I Regressions with alternative dependent variables and specifications can be found in the
Appendix of Murrugarra and Valdivia (1999).
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Table 5.1 Two-Limit Tobit Health Regressions of Days lll for Adults
by Sex and Region
Variables Males Females
individual Characteristics 83.59** 69.6**
Age 0.675** 0.243%*
5.67 2.96
Years of schooling 0.720 -0.735
1.18 -1.51
Schooling x Age (x 107%) —3.996** -0.066
-3.51 -0.09
Rural migrant 11.539%* -1.982
3.55 -0.59
Rural migrant x Age -0.236** 0.076
-3.04 0.88
Household Assets 5.98 0.77
Nonlabor income 0.132 0.056
1.24 0.64
Nonproductive assets -0.093 0.024
-0.51 0.14
Home business 2.471%* 0.572
2.13 0.59
Housing Infrastructure 6.12*%* 7.19**
Adeguate roofing ~2.707** —-2.864**
-2.29 -2.63
Adequate floors -0.533 0.394
-0.45 0.33
Health Infrastructure 7.84*% 4.45
Distance time to health service ~13.375%* -9.651~
-1.80 -1.64
Waiting time for medical attention -0.015 -2.649
-0.01 -1.25
Travel time to health service x Schooling 1.314%> 0.681
2.40 1.33
Waiting for medical attention x Schooling 0.123 0.246
0.50 1.20
Food Prices 5.59* 14.27**
Potato price 7.265%* 5.087
2.36 1.35
Milk price 3.688 13.330
0.83 3.58
Log likelihood -3,399.62 —4,863.72
Global Chi2 281.00 387.27
Number of observations 3,083 3,486

Notes: A constant and control variables for regions and interview months are included in all regressions

but not reported; t-statistics are in italics.

* Statistically significant at 10% level of confidence.
** Statistically significant at 5% level of confidence.
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a positive coefficient means that the corresponding variable affects the
individual’s health status negatively. Similarly, the positive coefficient for
age indicates that the health of individuals deteriorates with age. The nega-
tive coefficient for the housing infrastructure variables, on the other hand,
indicates that individuals living in houses with better quality tend to be
healthier. It is important to notice the negative coefficient found with re-
gard to distance to the closest health facility. This indicates that the more
accessible the health facility is, the worse the health indicator is. Presumably
this is due to the fact that people with access to health facilities are more
likely to report illness rather than being a sign that health facilities aggravate
illness. A similar, counterintuitive finding can be seen for education, an ef-
fect that is discussed below.

Household permanent income—proxied by the per capita value of
family assets (see Table 5.1)—is included in the regression analysis, but none
of the variables appear to be significant. Although any theoretical frame-
work would seem to require some measures of household income, previous
studies have not succeeded in obtaining a strong empirical relationship (e.g.,
Schultz and Tansel, 1997). Two alternative measures—per capita household
expenditures (exogenous) and per capita full income (instrumented)—were
also tried, but neither was significant.

The analysis presents consistent and robust results for men but not
particularly for women. Nevertheless the proposed instruments for
endogenizing health in the wage equation are strongly significant for both
subsamples. Recall from section 2 that key instrumental variables are the
indicators for food prices, housing infrastructure, and implicit prices for
health inputs. Access to a house with adequate floors and roofing does im-
prove the health status of adults.

Differences of Human Capital Effects over the Life Cycle

The interaction between the different forms of human capital is of particular
interest for public policy. Human capital can include age, completed years of
schooling, and migration experience, over the life cycle (across cohorts). The
first finding is that even after controlling for other factors, the health of Pe-
ruvian adults clearly deteriorates with age, an effect that is stronger for male
adults. When included, the quadratic term for age was not found significant,
a result consistent with the strong linear correlation observed in Figure 5.3.



THE RETURNS TO HEALTH FOR PERUVIAN URBAN ADULTS 167

Somewhat surprisingly Table 5.1 seems to indicate that education only
significantly affects health for males. Nevertheless, when calculating net
schooling effects (Table 5.2), it can be seen that this variable is also signifi-
cant for women at particular ages.!? But there are, indeed, important gender
differences in the role of human capital endowments for the determination
of individual health status. First, more-educated men have more reported
days ill when they are younger than 33, but the effect turns increasingly nega-
tive for older men. This result differs from those of Strauss et al. (1993), in
which anthropometric measures are used, and would indicate differences in
the magnitude of the self-reporting bias over the life cycle. That is, young
noneducated males may be less inclined to report illnesses than their more
educated counterparts. At older ages, though, the seriousness of the illnesses
may eliminate subjectivity in reporting. On the other hand, the schooling
effect for females is constantly around —0.25 over the life cycle. This implies
that the schooling effect for individuals around the age of 30 is larger (more
negative) for women than for men, but much smaller afterwards. These re-
sults were corroborated with regressions by age groups (Murrugarra and
Valdivia, 1999, Appendix).

The other indicator of human capital included for the regressions for
urban areas was the dummy variable indicating whether the individual had
migrated from a rural area. The positive coefficient in Table 5.1 indicates that,
other things being equal, a rural background implies poorer health status for
adult males. This could be a consequence of poorer environmental or eco-
nomic conditions in childhood. It is also possible, though, that such an indi-
cator could be capturing some ethnic differences since it is limited to migration
events from rural areas where there is a strong concentration of indigenous
peoples. But if that were the case, the effect would be persistently negative (or
positive) throughout the life cycle. That is not the case, though, since the
coefficient of the interaction term is clearly negative. Table 5.2 shows that the
net effect is indeed negative for males over 45 years of age. These findings

12Net effects reported in Table 5.2 refer to the variation of the schooling and migration effects
due to the interaction terms with age and implicit health prices included in the tobit model of
Table 5.1. Table 5.2 also includes the estimated net effects associated to a regression without
the interaction terms for education and implicit health prices. It is interesting to note that the
individual coefficients for education change significantly, but do not do so for the estimated
net education effects.
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Table 5.2 Net effect on Health by Gender and Age Group

Male Female
Age (1) (2) (3) (4)
Net schooling effect on heaith
16 years 0.70** 0.69** -0.25 -0.24
(0.01) (0.01) (0.29) (0.30)
30 years 0.13 0.13 -0.25* -0.25*
(0.37) (0.38) (0.09) (0.10)
45 years —0.47** -0.47** -0.26** -0.26**
(0.00) (0.00) (0.02) (0.03)
60 years ~1.08** -1.07** -0.27 0.27
(0.00) (0.00) (0.12) (0.12)
. Net migrant effect on health R
16 years [ kit 7.76** -0.63 -0.77
(0.00) (0.00) (0.77) (0.72)
30 years 4.44** 4.46** 0.40 0.30
(0.00) (0.00) (0.74) (0.80)
45 years 1.06 0.92 1.50 1.44
(0.40) (0.47) (0.18) (0.20)
60 years -2.31 -2.62 2.60 2.58
(0.25) (0.19) (0.22) (0.23)

Notes: Results in columns (1) and (3) refer to regressions reported in Table 5.1. Results in columns (2)
and (4) are based on a regression that includes interaction terms between schooling and housing
infrastructure. Numbers in parentheses are the corresponding p-values. For values of {(*) and (**) see
Table 5.1.

support the interpretation that the migration indicator captures previous sani-
tary and economic conditions that put migrants at an initial disadvantage
compared to urban natives. The other implication is that evidence suggests
that the gap in health conditions closes significantly as time passes.

Work Status Choice: Nonparticipation, Wage Earning,
and Self-Employment

The potential selection bias in the estimation of the earning equations is
corrected here using the MNL-OLS two-stage correction method proposed
by Lee (1983). In Table 5.3, MNL sectoral choice estimates are shown for
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both men and women. Education is controlled in the sectoral choice model
by including three dummies for each level of formal education, and interac-
tions of these dummies with the number of years of schooling. This flexible
functional form is intended to capture any nonlinearity in the effects of edu-
cation on choice of employment sector. Results indicate that education in-
creases the participation of individuals in a nonlinear way. Moreover, as
education increases, the likelihood of participation increases faster for join-
ing the wage sector than the self-employment sector.

Wealth and income control variables included measures of assets,
nonlabor income, and the existence of a household business. The accumu-
lation of nonproductive assets has an important negative effect on joining
any sector, and is particularly strong for wage employment, probably re-
flecting some complementarity between household nonproductive assets
(e.g.,a stove) and self-employment activities (e.g., cooking). The home busi-
ness variable also can be interpreted as the existence of another income
source, which clearly increases the propensity to join the self-employment
sector as a firm owner. However this finding differs by gender. There is little
effect among men, probably because they are strongly attached to the wage
sector. The effect is negative among women, which is consistent with tradi-
tional norms that women are more commonly attached to home-related
activities. Possible discrimination or labor market segmentation cannot be
excluded as contributing factors.

The effect of the local unemployment rate is positive for both genders
but weaker for males. Individuals living in provinces with larger unemploy-
ment rates tend to participate more, especially among women. In other words,
provinces with weak economic growth have higher labor force participation
by women, possibly driven into the labor market to find additional household
income. By contrast, the proportion of wage employees in each province does
not have a significant effect on the sectoral choice. There is only an imprecise
negative effect on the probability of joining the wage sector among women.

The estimates from this sectoral selection model are used to construct
selection correction terms for use in the wage equation as explained below.

Wage Equations with Corrections for Endogeneity and Selection

Using the information obtained from the health status and sectoral choice
equations, it is now possible to analyze the determinants of wages, including
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Table 5.3 Participation Equation for Urban Adults: A Multinomial Logit Model

Males Females
Wage Self- Wage Self-
Variables Earner  Employed Earner Employed
Individual Characteristics 493.22** 581.56** 323.59**  279.81**
Age 0.594** 0.702** 0.228** 0.393**
(18.29) (18.85) (8.48) (14.26)
Age? (x 107%) -0.734** —0.824** —0.341%* ~0.469**
—(16.69) —(16.65) —8.84) —12.88)
Dummy primary school 2.130** 1.649** -0.403 -0.145
(3.08) (2.29) -(0.92) —(0.45)
Years of school (Primary) -0.130 -0.015 -0.041 0.043
-(1.16) ~(0.13) —-(0.53) (0.78)
Dummy secondary school 0.976 1.038 -1.580*~ 0.033
(1.26) (1.21) —(2.29) (0.05)
Years of school (Secondary) 0.061 0.048 0.142** -0.003
(0.94) (0.66) (2.28) —(0.05)
Dummy higher education -1.695* -0.395 -5.427**  -1219*
—(1.63) —{0.33) -(6.29) —-(1.04)
Years of school (High) 0.204** 0.093 0.441%* 0.077*
(3.04) (1.20) (7.77) (0.97)
Household Assets 28.89** 344.27** 12.47** 611.09**
Nonlabor income (x 10-%) -0.467 -2.770%* 0.688 0.246
—(0.42) —(2.12) 0.77) (0.25)
Nonproductive assets -0.155** —0.144** -0.046** -0.077**
—{5.25) —-(4.45) —(2.27) —(3.80)
Home business -0.007 21.330** —0.237** 20.785**
—0.06) (18.35) —(2.44) (24.67)
Labor Market Variables 6.24** 1.89 7.41%* 4.96*
Unemployment (% by prov.) 1.556* 1.426 2.073** 1.764**
(1.74) (1.37) (2.65) (2.21)
Hired rate (by province)® 0.641 -1.019 -1.384* -0.964
(0.69) —0.85) —(1.85) -{1.02)
Log likelihood -2290.5 -2290.5 -2770.3 -2770.3
Global Chi* 546.4**  205851** 349.6%* 338244%*
Chi? 33.18** 798.07** 17.78%*  1657.94**
R? 0.305 0.305 0.208 0.208
Number of observations 3,102 3,102 3,508 3,508

Note: See notes to Table 5.1, including values of (*) and (**).

a/ Refers to the proportion of the employed individuals that work for a salary and nct independently.
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the effects of health status. After making these corrections, there appears to
be a robust positive effect of health status on productivity and wages, and
also some evidence of interaction between health and education.

In Tables 5.4a and 5.4b, different specifications for the earnings equa-
tions are presented separately for wage earners and the self-employed, re-
spectively. The dependent variable in all cases is the logarithm of net earnings.
The tables show the estimated earnings equations without health (columns
1 and 4), which are discussed first in order to establish the consistency of the
specification with previous estimations. For instance, an important finding
in terms of the estimated returns to schooling is that they are higher for
women and increase with the level of educational attainment, especially
among wage earners. The use of a spline specification for the returns to
schooling allows this pattern to be discerned. The first coefficient in column
1 of Table 5.4a means that each year of primary schooling is associated with
an increase of 5.2 percent in male earnings. The second coefficient is not
significantly different from 0, which means that the return for each year of
secondary school is about the same. Finally, the third coefficient means that
each year of postsecondary school would increase wages for men by about
13 percent (5.2 + 1.2 + 6.6).

Among women, returns to primary and secondary schooling go as high
as 8.7 percent, which is 3.5 percentage points above the returns for men.
Nevertheless this gender difference almost vanishes when individuals reach
higher education. The results in Table 5.4b for the self-employed show a
very similar pattern, although less precisely. The return to primary school-
ing is 5.0 percent and 7.7 percent among these men and women, respec-
tively, reproducing the gender difference observed among wage earners.
Returns to higher education increase for self-employed men, but no evi-
dence of such a pattern is apparent for women.

In terms of firm size, the results indicate a significant positive effect,
consistent with Anderson Schaffner (1998). Among male wage earners, the
premium is about 16 percent for those employed by micro firms (6-10 work-
ers), increases to 23 percent for small firms (11-20 workers), 36 percent for
medium firms (21-200 workers), and remains almost constant afterwards.
Among women, the estimated firm size premium shows a similar pattern,
although no significant effect is found for micro firms.

Tables 5.4a and 5.4b also show the wage regressions including health,
treated as both exogenous and instrumented (IV). When health is included
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exogenously there is no significant effect, nor does it change any of the esti-
mates for the control variables for any gender or sector.

When health is instrumented, using the predicted value from the health
equations, the number of days ill do have a significant effect on wages in
both sectors, although this effect is small. Among men, an increase of one
day in the morbidity indicator is associated with a 1.2 percent decrease in
earnings for wage earners and a 3.1 percent decrease in hourly net income
for the self-employed. One possible explanation for this result is related to
sectoral differences in the observability of individual productivity. In the
wage sector, the employer cannot observe individual productivity (effort)
by looking at the final output when the production function is stochastic
and the external shock not observed. Even in a deterministic environment,
employers face an observability problem if tasks are performed in large
teams.!® The results among women show no significant difference across
sectors. The effect of the morbidity indicator is —2.4 percent among wage
earners and —2.3 percent among the self-employed.

The inclusion of the corrected health measure also has different im-
plications for the estimated returns to education. In particular, estimated
returns to primary education are slightly smaller after properly controlling
for health. Returns to primary education for males drop from 5.2 percent to
4.8 percent in the wage sector, and the drop is even stronger among the self-
employed (from 5.0 percent to 3.5 percent). Nevertheless the effect of in-
cluding health for those with higher education is negligible in both sectors.
Among the self-employed, for instance, returns to schooling drop only from
15.4 percent to 15.0 percent.!

The returns to schooling among women, though, are not particularly
affected by the inclusion of health status. Perhaps the interaction between
the two dimensions of human capital, education and health, is more impor-
tant for men because of the kinds of work they do. It could also be argued
that this result is related to some sectoral sorting of individuals based on
unobserved characteristics. However, the estimated selection correction co-

13 For a more detailed discussion of the possible explanations for the observed differences
between sectors, see Murrugarra and Valdivia (1999).

' As indicated above, given the spline specification, the returns to education are constructed
adding the estimates for each education level.
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efficients indicate an insignificant selection problem between these sectors,
with and without health in the wage equation (see the coefficients for the
selection term in Tables 5.4a and 5.4b).

The results of estimating the wage equations with the instrumented
health variable are consistent with the stories of endogeneity and measure-
ment error discussed earlier. This is confirmed further by various diagnostic
tests. Results of a Durbin-Hausman-Wu specification test and an
overidentification test are shown at the bottom of Tables 5.4a and 5.4b. The
Hausman specification tests suggest that the endogeneity of health status is
important in the sense that the coefficient for the health indicator from the
OLS estimates is significantly different from that of the IV estimates. This
can be clearly observed for men, but is only true for women who are wage
earners.

On the other hand, a regression-based overidentification test suggested
by Hausman (1983), rather than the Basmann version, was used to test the
validity of the used instruments. The results indicate that the overidentifi-
cation restriction is rejected at the 5 percent level for men in both sectors
and for female wage earners. These values, however, are close to the critical
ones for both genders. As others have mentioned (Thomas and Strauss, 1997)
overidentification and exogeneity test results must be taken carefully when
the identifying instruments are weak. In this case, the corresponding pseudo-
R? from the tobit estimates for the health equations are about 0.039 for males
and 0.029 for females. The low correlation between instruments and health
and the censoring of the health variable make interpretation of these tests
difficult. Moreover according to Staiger and Stock (1997), weak instruments
would identically affect any version of the overidentification tests, whether
regression-based or Basmann, making any choice between them of little or
no relevance.

Evidence by Age Groups

There are numerous reasons to expect that the impact of health on earnings
would differ across different population groups, especially by age. Table 5.5
presents the wage equation estimates for wage earners and the self-employed,
but this time disaggregated by age. For each sector, the sample was divided
into two age groups: those who are 16 to 25 years old and those who are 26
and older.
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Table 5.5 Equation for the Log Hourly Earnings of Urban Workers: Comparing
Differences by Age Groups

Wage Earners Self-Employed
Variable <26years >26years <26years > 26 years

7.201 4964

Years of schooling (x 10%) 6. 4.029*
(0.76) (1.72) (0.82) (1.49)
Years of schooling minus 6 (x 10?) -3.635 2.722 7.524 3.081
—0.38) (0.87) (0.62) (0.70)
Years of schooling minus 12 (x 10-%) F:255% 5.854** 0.140 5.321*
(1.78) (2.53) (0.02) (1.64)
# of days sick, instrumented (x 10-%) 1.203 -2.008** 0.124 -4.274**
(1.12) —2.84) (0.06) —3.95)
Potential experience (x 10-%) -0.451 25,521 %% -13.668 4.804
—0.01) (2.78) —0.20) (0.32)
Potential-experience squared (x 107%) 0.600 -0.175 347 0.253
(0.26) -(0.97) (0.80) (0.88)
Number of observations 443 1,100 191 953
F-test 4.04%* 27.16** 6.24** 14.42+**

R 0.115 0.281 0171 0.161

Years of schooling (x 10) 8.036%*

22.475**  5617* -7.501
(3.70) (1.76) -(0.20) (3.43)
Years of schooling minus 6 (x 10%) -19.524** 3.523 14.596 -2.068
—2.29) (0.81) (0.34) —(0.54)
Years of schooling minus 12 (x 10) 13.298** 3.400 0.969 0.784
(2.35) (1.01) (0.08) (0.19)
# of days sick, instrumented (x 10-2) -2.510 -2.778** -3.484 -2.061
—(1.22) —(2.32) —(0.81) -(1.44)
Potential experience (x 107%) -43.382 36.388** 32.729 15.667
—(0.89) (2.59) (0.30) (0.99)
Potential-experience squared (x 107) 6.224* -0.287 -2.491 -0.015
(1.81) —0.97) —0.31) ~(0.06)
Number of observations 297 547 195 728
F-test 8.90** 19.84** 1.97** 793%%
R? 0.240 0.347 0.187 0.115

See notes to Table 5.4a.
*Statistically significant at 10% level of confidence.

**Statistically significant at 5% level of confidence.
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The results show that, although the size of the health effect may not
be robust across age groups, the previously reported finding of larger ef-
fects among the self-employed persists. A precise negative effect of about
-2 percent was found among those workers 26 or older, while no signifi-
cant effect was found among younger workers. A very similar pattern oc-
curs among the self-employed, but the —4.3 percent effect on the wages of
older individuals is even stronger. Among women, the pattern is roughly
the same, although the results are only statistically significant for older
wage earners. There are several possible explanations for these results. First,
younger workers are less likely to be sick, hence health effects on wages are
harder to capture; and this may be a reason for the large standard errors in
the estimates. Second and more importantly, the reporting bias identified
to be stronger among the young increases the imprecision of estimates for
this group. Probably due to a combination of these factors, the stronger
effects are found among the older group. Nevertheless, the radical changes
in the estimated coefficients for the younger group would indicate that the
model is incapable of capturing the variability in wages and productivity
for them.

Comparative Evidence between Public and Private Workers

In addition to age, there are other differences among workers that might
affect the magnitude of the relationship between health and productivity. If
the relation between health and productivity is related to the nature of the
tasks performed, then the type of job or the contractual nature of the job
would also be expected to have an impact. The division between public-
sector and private-sector workers is a feature of the labor market that prob-
ably has an impact on the health-and-productivity relationship.

In the previous subsamples, it was hypothesized that a stronger health
effect was found among self-employed workers since health (therefore pro-
ductivity) and net income in this sector are more closely associated. In the
wage sector, though, the connection between health and wages depends on
the employer’s ability to observe productivity. This subsection explores a
quite different hypothesis. Health premiums in the public sector might be
lower, or even negligible, compared with the private sector because of a
different remuneration policy. Public-sector employers may not be encour-
aged to monitor their employees” effort because their objective is not to
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maximize output, but includes such factors as keeping the employment level
constant.!®

The differences between the public and private sector were estimated,
as well as the distinction between blue-collar and white-collar workers, in
order to examine the alternative (but not exclusive) argument that health
has a stronger impact among those performing more physically demanding

tasks. The estimated equation is:!®
ln(Wi ) = X;;Bs +d53h;+55h;JOB; +85,JOB; + g5, [5.10]

where JOB is an indicator that takes the value of 1 if the worker is in the
public sector (or performing a blue-/white-collar job). The results of this
exercise for wage earners are shown in Table 5.6. Column 1 shows that de-
spite the small and significant effect of health on the overall population
(-0.015) no significant differences exist between the health effects for blue-
and white-collar workers (see variable “# of days sick for blue collar”). A
similar finding among women is found (column 3), where the negative ef-
fects of illness {(-2.49) are not affected by the imprecise effect for blue-col-
lared workers. This evidence suggests that the impact of health on
productivity and wages is not entirely due to differences in the physical de-
mands represented by different jobs, since blue-collar returns to health would
be higher (the impact of health would be more negative).

On the other hand, the effects of health among private workers are larger
than in the public sector. Even though these differences are small, they are
very precise. The estimated effect of worse health among private male work-
ers is —1.8 percent lower productivity, slightly larger but significantly different
than the net effect among male public employees (-1.6 percent). The same
pattern is found among women. It must be emphasized that the “public worker”
effect is not due to firm size since that effect has already been controlled for.

15 Recent labor market deregulation may have strengthened the connection between produc-
tivity and wages in Peru, but the added flexibility has been slower and more difficult to imple-
ment in the public sector.

1 We are aware of the problems these classifications introduce due to potential selectivity
biases. A fully specified participation equation with separate wage regressions for each sector
could compensate for this, but it would require additional identifying instruments that were
unavailable.
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Table 5.6 Equation for the Log Hourly Earnings of Urban Workers; Comparing
Effects by Employment and Employer Types

Males Females
White collar Public White collar  Public
vs. Vs, Vs, vs.
Variable blue collar private blue collar private
Individual Human Capital Variables 42.80** 75.07%* 31.34%*  38.71**
Years of schooling (x 107%) 0.048**  4513**  8.815** 8.140**
(2.14) (2.02) (3.25) (2.87)
Years of schooling minus 6 (x 10-%) 0.010 2.154 -4.909 -2.688
(0.33) (0.74) -(122) (067
Years of schooling minus 12 (x 10-) 0.057**  6.695**  8.670** 7.815**
(2.97) (3.55) (2.91) (2.67)
# of days sick, instrumented (x 102) -0.015%*  -1.812%* -2499** -2.813**
-(2.52) ~(3.25) 245  -257)
Other Individual Characteristics 33.04*%%  41.84** 26.20%*  22.56**
Potential experience 0.028** 0.032** 0.037**  0.033**
(5.11) (5.74) (4.63) (4.13)
Potential-experience squared (x 10-%) -0.269** -0.304** -0.337* -0.237
—2.15) —2.46) -{1.73) —(1.22)
Occupation Variables 6.22%* 8.87** 8.68** 4.63**
# of days sick for blue collar (x 10-?) 0.606 1.421
(1.08) (1.38)
Blue-collar dummy -0.051 -0.093
—(0.47) —{(0.58)
# of days sick for public worker 0.021** 0.016**
(3.56) (2.04)
Public-worker dummy 0.220*~ 0.336**
(2.11) (2.92)
F(21,1521) 37.34 36.82 30.55 32.26
R? 0.290 0.291 0.371 0.360
Net effect on health (x 107 -0.911 0.305 -1.078 -1.212
—(1.48) (0.46) -(0.81) -(1.13)
Number of observations 1,543 1,543 844 844

Note: See notes to Table 5.4a.
*Statistically significant at 10% level of confidence.

**Statistically significant at 5% level of confidence.
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Health Effects on Productivity across the Wage Distribution

Having analyzed different health effects among specific employment or em-
ployer types, this subsection turns to differences in health effects over the
wage distribution. It is not unreasonable to think that low-paid jobs imply a
stronger connection between health and productivity (therefore wages) due,
for instance, to more physically demanding tasks. To avoid splitting the
sample by wage groups, Buchinsky (1994) is followed to estimate a quantile
regression. The quantile regression model is:

}’i=x:-.39+“9i: [5.11]

where 6 denotes the log wage quantile being estimated, and x,', denotes
the 8" quantile. The parameters for the health status variables are inter-
preted as the effects on the 8 ™ quantile of In(wage), not on the mean In(wage)
as in the OLS case. Conditional on x," B, this is equivalent to examining the
6 ™ quantile of the residual ug; . Here, the effects on the 10, 25t%, 50th, 75t
and 90" percentiles are presented. This method is useful for several reasons.
First, by providing information about the effects at each part of the wage
distribution, it makes it possible to describe changes in the wage distribu-
tion when a bad health shock occurs, using the Interquartile Range (IQR) as
an estimate of the wage variance (inequality). Second, the quantile estima-
tor, when computed at the 50t percentile, provides the least absolute devia-
tion (LAD) estimator, which is more robust than is the QLS estimator in the
presence of outliers.

The results are shown in Tables 5.7a and 5.7b for wage earners and the
self-employed, respectively. In each table, the top panel shows the results for
men and the bottom for women. Before discussing the health effects, it should
be noted that returns to primary schooling are larger among the lower bot-
tom of the wage distribution. As before, returns to secondary schooling are
not any different from primary schooling. On the other hand, the premi-
ums to higher education are larger for those around the third quartile. Note
also that the returns to potential experience are lower for the top quartile.
Corresponding estimates for the self-employed are less precise.

Table 5.7a shows that the effects of bad health shocks on wages are
larger for men who are at the bottom of the wage distribution scale (-2.6
percent at the 10% percentile). This result indicates that men who earn the
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Table 5.7a Equation for the Log Hourly Earnings of Urban Wage Earners:
Comparing Effects across the Wage Distribution

- Quantile
Variable 10 25 50 75 20

# T
i .
a

b
Swmm g

&
5

Years of schooling (x 10%) 7.200** 5592+ 8.066** 3.708 0.712

(2.20) (1.58) (3.23) (1.00) (0.12)
Years of schooling minus 6 (x 10%)  -0.723 0.915 -3.488 1.529 5.975

—(0.18) (0.22) -{0.92) (0.39) (0.96)
Years of schooling minus 12 (x 10%)  5.040**  6£.468**  7.042** 8.813** 6.664**
(1.83) (3.59) (2.94) 4.11) (2.31)
# of days sick, instrumented (x 10%) -2.619** -1.471** -1.469** -0.866 -0.436
-{3.79) -(1.91) —{2.31) -(1.32) —{0.43)
Potential experience 0.047**  0.035** 0.032**  0.029** 0.031**
(5.25) (5.48) (7.22) (4.79) (3.31)
Potential-experience squared (x 10%) -0.577 -0.339** -0326** -0.268** -0.366*
-(2.92) —{2.14) -{3.13) —(2.00) —{1.69)

Number of observations 1,543 1,543 1,543 1,543 1,543
R? 0.167 0.180 0.174 0.174 0.167

13.754** 11.812**
(2.74) (3.03) (1.22) (0.97) (2.80)
Years of schooling minus & (x 10%)  -9.809 -4.298 1.058 1.071 -6.089
-(1.43) -(0.79) (0.17) (0.17) —{1.19)

Years of schooling minus 12 (x 10?) 12.522**  6.939** 8.147**  7.487** 7.665*

(2.15) (1.97) (2.44) (1.80) (1.72)

# of days sick, instrumented (x 10%) -0.860 -2.134 -2.877** -3.868** -3.610**
-0.33) -(1.44) —(2.46) -(2.56) -{2.20)

Years of schooling (x 10-?)

Potential experience 0.043**  0.039** 0.032** 0.035** 0.022*
(2.93) (4.85) (4.06) (2.78) (1.53)
Potential-experience squared (x 10-%) -0.499 -0.252 -0.211 -0.199 0.067
-{1.40) —1.10) —(1.06) —0.72) (0.23)
Number of observations 844 844 844 844 844
R? 0.222 0.250 0.255 0.205 0.164

Note: See notes to Table 5.4a.
*Statistically significant at 10% level of confidence.

**Statistically significant at 5% level of confidence.
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Table 5.7b Equation for Log Hourly Earnings of the Urban Self-Employed:
Comparing Effects across the Wage Distribution

Quantile

Variable 10 25 50 75 90

Years of schooling (x 10-?) 1.376 2.55%9 4.726 7.289** 9.531

(0.23) (0.72) (1.28) (2.04) (1.29)

Years of schooling minus 6 (x 103 8.936 6.995* 3.813 0.730 0.105
(0.96) (1.76) (0.84) 0.18) (0.01)

Years of schooling minus 12 (x 10%) -0.682 3.893 4871 9.116** 7.479
-0.11) (1.25) (1.37) (4.04) (1.19)

# of days sick, instrumented (x 107?) -3.752** -2.147** -0.930 -2.225* ~3.160**
-(2.00) —2.25) -(1.08) -{1.82) —2.75)

Potential experience 0.027* 0.029**  0.032** 0.025* 0.022
(1.80) (2.15) (3.59) (1.76) (0.80)
Potential-experience squared (x 10-%) -0.321 -0.256 -0.303 0.026 0.201
-{0.86) -(0.87) —(1.53) (0.08) (0.41)
Number of observations 1,144 1,144 1,144 1,144 1,144
R? 0.099 0.089 0.104 0.107 0.104

Years of schooling (x 10%) 3.718 6.604* 7.101**  5.939** 8.962*%*
(0.70) (1.80) (2.81) (3.01) (2.83)

Years of schooling minus 6 (x 10-%) 3.331 ~0.114 -1.203 2.026 0.530
0.43) —-(0.02) —(0.35} 0.64) (0.09)

Years of schooling minus 12 (x 102  1.808 -3.233 2.636 5.488 1.066
(0.24) —{(0.48) (0.52) (1.13) (0.18)

# of days sick, instrumented (x 102 -2.047 -2.275 -3.239** -3.117* -2.016
—(0.98) -(0.89) —(2.13) -(1.76) —{0.78)

Patential experience 0.038* 0.044**  0.029** 0.029** 0.018
(1.73) (2.66) (2.34) (2.78) (1.18)

Potential-experience squared (x 10-%) -0.288 -0.460** -0.254 -0.105 0.136
—{0.99) —(1.90) —(1.38) —0.47) (0.55)

Number of abservations 843 843 843 843 843
R? 0.096 0.064 0.067 0.079 0.098

Note: See notes to table 5.4a.
*Statistically significant at 10% level of confidence.

**Statistically significant at 5% level of confidence.
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least are more vulnerable to negative shocks in health. That is, the greatest
reduction in wages from an exogenous change in health status that led to
one more day of illness for all men would occur among the poor. On a more
positive note, this result would imply that a health policy that improves health
conditions equally for all men in the labor force would reduce wage inequality,
as measured by the log variance of wages, since the lower-income workers
would benefit more than proportionally. Clearly, the program’s impact on
wage inequality would be even larger if targeted exclusively among all the
poor. But even if some “leakage” to upper-income groups occurs, the net
impact will be inequality reducing. Among the self-employed, the results
show the same decreasing pattern for health effects up to the median (from
—3.8 percent at the lowest decile to —0.9 percent at the median). These effects
increase again for the upper tail, although they remain below those found
for the lowest decile.

Surprisingly the results for women show the reverse pattern. The larg-
est health effects are found among the top of the wage distribution scale.
This finding is consistent across sectors but accentuated among wage earn-
ers. While the result of the quantile regressions for men are consistent with
the hypothesis that the health effect is due to the extent of physical tasks
associated with jobs, the results for women are not. Notice that, as in all
previous estimations, health effects tend to be larger among the self-
employed than among wage earners, although the difference is not as pre-
cise for women.

Conclusions

This chapter has demonstrated that health does have a significant impact
on productivity as measured by earnings, particularly in the case of urban
men. Furthermore it showed that these effects vary across different sectors,
across wage distribution, across public and private employment, by age,
and by sex.

Estimates of the factors that influence health status were very robust
for men, but key instrumental variables also were found to be significant for
explaining women’s reported health conditions. For men, the effects of
schooling on morbidity differ by age. Older males tend to get sick more
often or for longer periods. Access to adequate housing infrastructure was a
significant factor in explaining reported illness, an effect that is very consis-
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tent across area (urban/rural) and gender divisions. On the other hand, ac-
cess to local health centers appeared to have no positive impact on health; if
anything access was associated with worse health status for men.

Table 5.8 summarizes the main results. First, health effects are found
to be stronger for men who are self-employed than for those employed as
wage earners. Second, health effects are weak and negligible among younger
individuals. For both age and employment types, imprecision in the esti-
mates for women make firm conclusions impossible. Third, the larger ef-
fects found among the self-employed and the negligible effects found among
public workers suggest that health has a greater impact on wages for jobs in
which productivity and wages are clcsely connected, either by observability
or by the design of the remuneration policy. Finally, when examining the
effects across the distribution of wages, the largest effects are found at the
bottom of the scale for both wage-earning and self-employed men. Surpris-
ingly, the reverse pattern is found among women.

The key caveat in the analysis presented here is the overall inability to
explain the relationship among health, productivity, and wages among
women. This suggests it would be important for future research to target
how women choose to enter the labor force and how they are selected into
particular sectors and occupations. In addition, better estimates might be
derived from less-subjective health indicators, such as anthropometric mea-
sures (see chapter 2).

Other interesting findings emerged regarding the relationship between
health and education. Returns to primary schooling were slightly reduced
when instrumented health measures were added into the wage equation,
suggesting that when health is omitted, part of the educational effect on
wages is due to health status and its associated productivity. The potential
effects of better health are significant, but are especially large among those
less endowed with human capital and hence earning lower wages. Thus public
health policies should contribute to reduced inequality and poverty—ef-
fects that generally may be overlooked in traditional program evaluations.
Moreover, if policymakers consider health to be a relevant human capital
measure, health packages could be included as part of a program package
designed to reduce poverty and improve living conditions. Focusing policy
on education as the sole human capital variable and ignoring health condi-
tions may lead to less-effective policies for development and social progress
for the less-favored people of Peru.
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Table 5.8 Summary of Health Effects on Hourly Earnings

Male

Female

Wage Earners

Self-Employed

Wage Earners Self-Employed

Full sample

Young

Old

Quantile 10

Quantile 25

Quantile 50 (median)

Quantile 75

Quantile 90

Public

Private

-1.22%**
—2.23)

1.20%
(1.12)

-2.01%**
—(2.84)

-2.62%**
—-(3.79)

—1.47%**
-(1.91)

-1.47%**
—(2.31)

-0.87%
-(1.32)

-0.44%
—(0.43)

0.30%
(0.46)

-1.81%**
—(3.25)

-3.15%**
—(3.29)

0.12%
(0.06)

—4.27%**
—3.95)

-3.75%**
~(2.00)

-2.15%**
~(2.25)

-0.93%
—(1.08)

-2.23%*
—(1.82)

-3.16%**
~2.75)

2.41%**
—2.32)

-2.51%
-(1.22)

-2.78%**
—(2.32)

-0.86%
—(0.33)

-2.13%
-(1.44)

-2.88%**
—2.46)

~3.87%**
—2.56)
-3.61%**
—2.20)
-1.21%
—(1.13)
-2.81%**
—2.57)

-2.29%*
—1.70)

-3.48%**
—~0.81)

-2.06%
—1.44)

-2.05%
-(0.98)

-2.28%
-(0.89)

-3.24%**
-(2.13)

-3.12%*
—1.76)

~2.02%
—(0.78)

Note: Numbers in parentheses are t-statistics.

*Statistically significant at 10% level of confidence.

**Statistically significant at 5% leve! of confidence.
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CHAPTER 6

Health and Productivity
in Peru: Estimates by
Gender and Region

Rafael Cortez'

This chapter seeks to measure the effect of health on the hourly wages of adult
men and women in the rural and urban areas of Peru. A health indicator based
on the number of reported days of illness is utilized to verify the association of
health with the wages of individuals, and to measure the returns of good health

to productivity. The principal finding of the research is that the health indicator
has a significant positive effect on the level of productivity as measured by wages.

The study reports the results of health indicator impacts on the wages of four
groups—by gender and across urban and rural populations. It also describes
the most important differences in the determinants of wages by population group.

It demonstrates that the rates of return to education may be overestimated when
the instrumented health variable is not included, principally in the cases of
urban women and rural men. The significant estimates of returns to health
indicate that one less day of reported illness in a month increases the wage rate
of urban and rural women by 3.4 percent and 6.2 percent, respectively. For men
the increase is higher—4.7 percent and 14.2 percent in urban and rural areas,

respectively. Consequently, public and private investment in health should be
recognized as mechanisms for increasing household income, principally in ru-
ral areas where rates of return to health are high.

! Dr. Rafael Cortez is a Professor and researcher with the Research Center of the University of
the Pacific and a Postdoctoral Fellow of the Economic Growth Center of the Department of
Economics, Yale University.
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Introduction

The study of economic growth and the distribution of wealth increasingly
emphasizes various kinds of human capital as factors in the determination
of economic growth and wage rates. However the returns on investment in
health have only recently begun to be studied in developing countries. Re-
cent studies (Schultz, 1997; Schultz and Tansel, 1997; Thomas and Strauss,
1997) confirm the idea that health is a form of human capital that influ-
ences the wage levels of individuals and their capacity to generate sustained
income over time. This, in turn, should have immediate positive conse-
quences for the level of spending and the standard of living of household
members.

By including health indicators in equations that seek to explain wages,
various studies have measured the returns to health in the labor market and,
simultaneously, facilitated an evaluation of the effects of public investment
policies on the condition of health and incomes. For example, Thomas and
Strauss (1997) utilize such a framework to analyze a Brazilian household
survey that contains information on the height of adults and conclude that
height has a positive effect on individual productivity. Interestingly, they
also say that estimated returns on education, which include the health vari-
able, were 45 percent lower for men with no education and 30 percent lower
for men with secondary or tertiary education. Schultz and Tansel (1997)
utilized estimates of instrumental variables for days of disability to estimate
wage equations in Ghana and the Ivory Coast; their principal finding is that
health conditions are a determinant of wage levels and the length of pro-
ductive life.

This chapter measures the association between health and wages in
Peru, and then estimates the impact of health on individual productivity.
The consequences of omitting the health variable in the estimates of other
variables included in the wage equation are evaluated, and the public policy
implications of spending priorities and the availability of public health ser-
vices are explored.

To conduct this analysis, we use an indicator based on days of illness
reported by adults in the 15 days prior to an interview for the Peruvian House-
hold Survey of 1995. The analysis proceeds in several stages. First, an over-
view is given of survey data, which contains demographic, social, economic,
and health information from almost 20,000 households. It also gives a basic
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Table 6.1 Conditions of Health, Medical Care, and Poverty in Peru
for Ages 18 to 70

Rate of Average
illness number of Rates of
Population reported days of illness health care

Poverty levels (%) (%) reported (%)
Nonpoor 64.0 25.9 2.58 42.9
Poor 22.8 27.5 2.74 32.8
Extremely poor 13.2 31.6 2.88 26.2
All — 27.0 2.65 38.0

Source: 1995 ENAHO, author’s own calculations.

description of the distribution of income and health in Peru. Second, the
choice of indicators for measuring health status is discussed. Third, issues
that make statistical analysis difficult are examined, including the simulta-
neity between health and wages, omitted variables, and measurement error.
Fourth, an analytical model based on Becker (1964) is presented to analyze
the data, followed by an outline of the approach to estimating the relation-
ship among public policy variables, health, and income. Fifth, the empirical
results are shown. Finally, conclusions summarize the main findings and
comment on the implications for policy.

The ENAHO Survey of 1995 and Peruvian
Population Characteristics

This analysis utilizes the National Household Survey (ENAHO) of 1995,
which contains socioeconomic and demographic information on 19,975
households and 98,984 persons. The data was collected between October
and December of that year by the National Institute of Statistics and
Informatics (INEI). Of interest here are the 51,545 individuals who are be-
tween 18 and 70 years of age and can be considered potential members of
the labor force. This group will be the focus of the analysis that follows.
Using information from ENAHOQO, Table 6.1 gives an initial approxi-
mation of poverty and health conditions in Peru. Approximately 36 percent
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Figure 6.1 Distribution of Days IlI
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Table 6.2 Health Service Providers by Patients’ Level of Poverty (% of Ill
Individuals Receiving Medical Care)

Poverty Levels

Provider of Health Service Total Nonpoor Poor Extremely poor
Public providers 60.0 57.9 63.2 66.0
Health Ministry post and center 26.3 225 311 38.7
Sacial Security hospital 16.6 18.0 15.3 1.2
Health Ministry hospital 12.6 12.4 12.9 133
Others 45 5.0 38 2.8
Private providers 40.0 421 36.8 340
Pharmacy 17.8 17.6 19.7 15.1
Private consultation 9.9 1.5 7.7 4.8
Private clinic 4.1 4.9 27 2.6
Folk healer 09 0.8 1.1 1.2
Others 7.3 6.3 5.6 10.3
All 100.0 100.0 100.0 100.0

Source: 1995 ENAHQO, author's own calculations.

of this population live in poverty and 13 percent in extreme poverty.> The
health status of this population is measured by the frequency of illness and
by the average length of illness during the 15 days prior to the survey, with
the latter illustrated in Figure 6.1. In both cases, there is a negative correla-
tion between poverty and health (see Table 6.1). The rate of reported illness
for the population in extreme poverty (32 percent) exceeds the rate for the
nonpoor population (25.9 percent). The average rate of illness for the work-
ing-age population is 27 percent.

The association between greater poverty and poor health constitutes
the subject matter of this study. Even in terms of a first approximation to the
problem, Table 6.1 indicates that poverty is not only associated with poor
health but also associated with a lower rate of seeking medical care when ill.

? Considering the entire population results in slightly lower rates: 32.6 percent for poverty and
12.6 percent for extreme poverty.
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This rate falls notably from 43 percent for the nonpoor to 26 percent for the
extremely poor. These differential utilization rates for health services could
explain part of the negative association between poverty and health.

Table 6.2 illustrates the importance of the public sector in the delivery
of health services. On average, public establishments handle 60 percent of
medical consultations received by the sick. This percentage is higher for the
poor (63 percent), and even higher for those in extreme poverty (66 per-
cent). Thus, on the few occasions when they seek health care, these house-
holds rely preponderantly on public health establishments.

Another way of seeing the relationship between health and earnings is
highlighted in Figure 6.2. Lower rates of illness are observed in the popula-
tion at the top of the wage distribution. For men, the rate of illness falls from
29 percent in the lowest quintile to less than 20 percent in the highest quintile.
Among women, the differences across the distribution are not as strong,
fluctuating between 35 percent and 28 percent.

Measuring Health

In comparison with other forms of human capital, health conditions are par-
ticularly difficult to measure. The state of an individual’s health (H*) can be
considered a hidden variable, a variable that is not observed and is only ap-
proximated by health indicators (H) such as days of illness and days when an
individual is too ill to work. These indicators, obtained from household sur-
veys, are reported values and, as such, are contaminated by measurement er-
rors. Such measurement errors bias the estimated impact of health towards 0.

Measurement errors are especially significant when the available in-
formation about health status is self-reported by individual respondents.
Perception of personal health (or of illness) could be inconsistent across a
population set in ways that are systematically correlated with other charac-
teristics. For example, individuals with more education or greater access to
health services may be more likely to detect and report symptoms of illness.
In an equation designed to explain the determinants of health, these effects
could confuse the direct impact of education or medical care.® The subjec-
tivity of self-reported data can also generate heteroskedasticity in the health

3Wolfe and Behrman (1984) find with data from Nicaragua that more-educated women re-
port fewer occurrences of parasitic diseases.
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equation because the variability of the measurement error could also de-
pend on some of its explanatory variables.

In addition, the severity of recent ilinesses will necessarily be under-
estimated since the particular episode may not have concluded at the time
of the survey interview. Even if the illness duration (D) were a perfect re-
flection of its severity, a survey would only observe the following relation-
ship:

D* = Min{D; L} [6.1]

where L is the period of time from the start of the illness to the time of the
survey. A dichotomous variable recording episodes of recent illness avoids
this potential distortion; however all sensitivity to the severity or type of
illness is lost. In any event, the longer the interval defined in the survey (e.g.,
the past month vs. the past week), the more reliable is its approximation to
the true condition of health. In a sense, the length “increases” the number of
observations, which reduces the sensitivity of the indicators to temporary
or random factors.

The usefulness of turning to the past is also explained by the impor-
tance of previous health conditions. According to the intra-personal varia-
tions proposed by Behrman (1990), the human organism can, in the short
term, maintain productivity despite adverse health conditions. With data
from the south of India, Deolalikar (1988) observes that current nutrition
indicators lose significance when other indicators are included that reflect
nutritional status over a prolonged period.

In practice, the selection of the best indicator of state of health is nor-
mally “resolved” by the absence of better alternatives in most of the available
surveys of households (or individuals). Even so, most studies find that the
most frequently used indicators are usually highly correlated. Haddad et al.
(1994) compare databases from the Philippines, Brazil, Ghana, and Mexico
and find that the occurrence of illness, as well as the days of duration, are
“useful” approximations of indicators based on weight and height. Other
studies in this volume arrive at similar conclusions (see chapter 3).

The 1995 ENAHO offers two possible indicators for health: a dichoto-
mous variable on the recent occurrence of illness and the number of days
that the illness or complaint affected the individual. Presumably the reported
illnesses were more likely to have occurred in individuals who were more
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susceptible to poor health. In other words, if H* is the real and unobserved
measure of health status, then:

G=1if H*<HS%and G=0if H*2H® [6.2]

where G is the proposed dichotomous variable and H® is a certain critical
level of strength of the individual’s constitution. Below H, the individual
falls ill.

Use of the number of days ill as an indicator of health status requires
an additional assumption: that the illness lasts longer when the individual’s
health is weaker (when recovery capacity is lower). In this case, the length of
the illness (D) depends negatively on H*:

D=D(H’*), if H*<H®,  where D'<0,
and D=0, if H*>HC, [6.3]

It isimportant to take into account that the description of health based
on days of illness would be censored for values greater than HC. Despite
differences between the health conditions of individuals who have not fallen
ill, the indicator D attributes the same value (0) to all of them (see Figure
6.1). Even so, days of illness is used in the following analysis as the indicator
of health status because it captures more of the interpersonal health differ-
ences than does the dichotomous variable.

An additional distortion associated with days of illness is that indi-
viduals tend to round off their responses, thereby erasing differences be-
tween individuals whose illnesses are similar in length. The tendency to round
off is stronger for longer illnesses. Accurate responses are more probable for
short illnesses.

The relationship previously cited in equation [6.1] between health sta-
tus and days of illness may not be linear. For this reason, several transforma-
tions of D must be tested to generate a health indicator (H). Since the expected
relationship between the health indicator (H) and the underlying health sta-
tus (H*) is an inverse one, the censorship of the health indicator at 0 would
imply an upper limit for health status defined as:

H*=D"(0). (6.4)
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The Simultaneity between Health and Productivity

The estimate of the impact of health on productivity is complex because the
relationship between wages and health is not one-way. While health is a form
of human capital that promotes productivity, wages (W) also affect health
in at least three ways. First, and most obviously, higher income favors posi-
tive health conditions when these are considered as normal consumer goods.
That is, the capacity to earn more permits greater consumption of health
“inputs” like food or medicines.

Second, higher productivity can generate incentives to alter specific
behaviors. For example, productivity can lead an individual to overwork
until it undermines the person’s health. Alternatively, the family might de-
cide to dedicate a greater portion of its available resources to strengthening
the health of the most productive member of the household.

Third, individuals may have specific characteristics that affect both their
health and productivity. These might be unalterable traits (e.g., physical con-
stitution) that are exogenous and random. If these characteristics are not
observed in the estimation and controlled for, then they will enter into the
respective error terms of the estimated equations—e,, for the wage equation
and e,,. for the health equation—and create no particular problem. How-
ever when the equations are viewed as simultaneous and estimated together,
these two errors are correlated and the resulting estimates are biased. There
is a problem of simultaneity whenever Cov(e,,, e;.) is different than 0.

The errors may be systematically correlated if the same “endowment”
or characteristic that facilitates greater productivity also permits the indi-
vidual to conserve a better state of health (a particular ability or physical
capacity, or some psychological trait). Such a systematic correlation can also
arise from individual choices. For example, any characteristic that increases
productivity and earnings also creates incentives to make additional invest-
ments in strengthening health. Those characteristics that are unobserved
will influence the error term in the health equation (e.g., a special concern
for promoting health) and introduce further bias.

A Household Model Incorporating Health

Extending Becker (1964), the decisions of a household can be usefully ana-
lyzed as the result of maximizing the utility that is derived from consumer
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goods (C'), consumer goods that improve health (1), state of health (H*), and
level of leisure (LY). For simplicity, household decisions are analyzed as if the
household were a single undifferentiated unit, and the household is constrained
by time restrictions and total income. The model can be presented as a house-
hold of n persons, with a head who seeks to maximize its utility function:

U=U(C",I",H",L"), andi=1,2,...,n. [6.5]

The utility function is considered to have the desired conditions; that
is, it is continuous, strictly growing, quasi-concave, and differentiable in the
second order in all its explanatory variables.

The first restriction is the health production function:

Hi =Hi(Ci’IitLi:X_iyzirz_i)Faui’u_i) andi= 1, 2,..., n [6.6]

where C', I, L' represent the level of consumption of goods, health inputs,
and leisure of an individual (7). X' denotes the level of consumption, health,
and leisure of other members of the household; and Z 7 and u are the vec-
tors of characteristics of these individuals that are observed and unobserved,
respectively. F denotes the availability of welfare or health programs and
community infrastructure.

The second restriction is total income (S), which is exhausted by all
the household’s consumption of goods, services, and leisure activities:

J k
Zzpjc;+ ¥ Zpklfc+2wl"=2wT"+V=S [6.7]

= k=j+1 i i

where V represents nonlabor income; p; and p, represent the prices of con-
sumer goods and health inputs; T" is the total quantity of time available; and
w is the market wage.

The reduced form for the health demand function is:

H'=h(P,,P,,$,F. 2w} (6.8]

where P_and P, represent the prices of consumer goods and health inputs,
respectively.
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Because equation [6.8] is a demand function for health inputs, not a
supply function, the vector X, must include the effects of income and the
prices of relevant health inputs. These variables influence the quantity of
health inputs (e.g., nutrients, medical services) that the family unit consumes.

Due to (a) the errors in the measurement of health and (b) their si-
multaneity with respect to wages or the endogenous character of the health
variable, it is necessary to use this reduced-form relationship to correct the
estimation with instrumental variables. Health is estimated by the equation:

where the error term ey includes the measurement error k(e;; = e+ k).
Furthermore, the explanatory variables are divided into those (X)) that af-
fect only health status and not wages and those (X,,) that affect both health
status and wages. Unless sufficiently good variables are found for X, the
instrumental variable technique will be ineffective.

Then, extending the framework of Mincer (1974) to include health as
a form of human capital in the wage equation leads to:

1n(W)=ocO+a1XW+aHH*+£W , [6.10]

in which X, is a set of variables that affect wages, H* denotes the corrected
state of health of the individual, and e,,isarandom error term. A semiloga-
rithmic specification is used since it is the most common specification found
in the empirical studies of returns to human capital.

The wage equation [6.10] presents selectivity bias that has to be cor-
rected by the Heckman procedure or two-stage estimate (Heckman, 1979;
Lee, 1983). The equation that predicts the decision to participate in the la-
bor market (LM) includes the explanatory variables of market wage, health,
and a set of variables (X)) that identify the system. The wage is not directly
included in the estimate because it is not observed when the individual does
not participate in the labor market and it is endogenous when the indi-
vidual is employed. Instead it is replaced by its predicted value based on the
variables X,,. Similarly health is replaced by its expectation based on a set of
variables (X, ) Thus:

LM =LM(W,H*X,), or LM =LM(Xy,X;,X,). [6.11]
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The set of equations [6.9], [6.10], and [6.11] form the system of equa-
tions to be estimated. Health is predicted in equation [6.9], which is esti-
mated with a tobit model due to censorship of the health indicator (H). The
fitted health variable is then included in the wage equation [6.10], which is
also corrected for selection by the Heckman term derived from equation
[6.11].

The Strategy of Econometric Estimation

Following the usual method in previous empirical studies, the sample is
divided by gender to estimate separate wage and health equations for men
and women. To consider the differences between urban and rural areas,
the wage functions for men and women are also estimated separately for
each geographical area. The determination of the explanatory variables
X,» X,» and X, also follow the usual method in the literature. Table 6.3
reports the definitions and the sample moments of all the variables uti-
lized here.

The health variable is critical. It is used both as the dependent variable
in the first-stage regression and as a regressor in the wage equation. The
variable used to indicate health status is the number of days ill in the 15 days
preceding the survey interview. Since this variable is truncated at 0, it is im-
possible to distinguish health status among the respondents who reported
no days ill. Rather than assuming a linear relationship between days ill and
the explanatory factors, and extrapolating these relationships through the
entire sample, a transformation with declining marginal impact was applied.
The transformation is:

H=1/(1+D) [6.12]

where D is equal to the reported number of days ill. For 0 days ill, this
health status variable is equal to 1. As the number of reported days ill in-
creases, it declines to a minimum in this survey of .0625 (i.e., 1/(1+15)).
Since the variable is necessarily censored at 0, a censored tobit estimation is
utilized.

The proposed health indicator has the advantage of showing a mar-
ginally decreasing impact for days of illness. This characteristic is conve-
nient because of the tendency to round off when individuals cannot
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remember the exact number of days of illness, which as previously men-
tioned, is more likely for prolonged illnesses. The indicator (H) reduces the
importance of variations in the reported days of illness as this number in-
creases.*

In addition to the health variable, the wage equation includes age, years
of study, and the quadratic terms for both. These terms consider possible
nonlinear effects. X, also incorporates two additional variables: residence
in the capital city and the local unemployment rate. The latter variable is
intended to capture interdistrict differences in labor markets.

Initially the wage equation is estimated without the health variable.
Then the health variable is included without and with corrections. In the
empirical estimates the following qualifications need to be kept in mind.

Limitations in the survey that prevent introducing all the relevant vari-
ables mean that some bias may remain. Recall that families acquire health
inputs for their members with the awareness, among other things, of their
unobserved endowments. As a result, the consumption of these inputs is
probably correlated with the error term (e,;). This will bias the estimates. By
contrast, factors that appear in the demand for health and that are not deter-
mined by the household, at least in the short run, can be considered exog-
enous and will not yield biased estimates. Some examples of these latter factors
are age, education, food prices, and the supply of public services.

Within the explanatory variables of health, access to medical care by
the state is important for analyzing the impact of public health investments
on individuals. Access to health services is not measured in terms of the
services received by each individual because the person or family endog-
enously determines this. Using such services results from a decision based

* Other transformations were tested, and showed that the highest likelihood ratios were regis-
tered by analyses that used transformations of the days-ill variable that presented decreasing
marginal impact. In particular, H, =—D"?, H, = —In (1+ D), and H = 1/(1+ D) all obtained the
highest likelihood ratios. The last of these transformations produced the maximum values for
the logarithm of the likelihood function in all the samples and was the preferred alternative.
The results of the following sections were robust in relation to changes in the selection of the
health indicator when the characteristic of the marginal reduction of the impact of D was
maintained (for more details see Cortez, 1999). It should be noted that using such nonlinear
transformations of the health variable in the final wage equation has its own serious limita-
tions for statistically extracting unbiased estimates, unless it is jointly estimated as a nonlinear
system. Nevertheless it was judged important to address directly the problems of representing
health status with these modifications.
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Table 6.3 Definitions and Sample Moments of the Variables
{population aged 18-70)

Variable

Days of illness reported

Rate of illness reported

Ln(Wage)

Standard
Mean deviation

Definition

Number of days of illness during the 15 days
prior to the interview.

2.21

4.49

1 = reported complaint or iliness in the 15 days

prior to the interview, 0 = otherwise. 027 044

Natural logarithm of individual hourly wage
(in new soles) (calculated on weekly hours of
work and monthly wages, weekly wages
and semiannual benefits).

034 1.5

Age
Years of education

Automobile

Other vehicle

Nonlabor income

Residence on coast

Residence in Lima

Hours of water supply

Appropriate system
of drains

Surfaced flooring

Health establishments
per capita

Age (not including fractions of year). 2322 8292
Years of study (calculated on grades approved). 8.07 4.08

Dichotomous: Owner of automobile = 1;

otherwise = 0. 0.10  0.31

Dichotomous: 1, if the household has a vehicle

other than an automobile; 0, otherwise, 032 047

Incomes in new soles (labor and nonlabor)

received by all household members in the

preceding month, excluding labor income

of the individual in observation, divided

by family size. 6.23 57.37
Dichotomous: Residence on coast =1;

otherwise = 0. 044 050
Dichotomous: Residence in capital = 1;

otherwise = 0. 0.14 035

Hours of supply of potable water from the public

system during the last week. 76.22 98.78
Dichotomous: Indoor household access to public

sewerage = 1; otherwise = 0. 056 050
District rate of households with surfaced floors. 060 025

District number of hospitals, posts, or centers

of Health Ministry, IPSS, local government

or other state agencies, per 10,000 inhabitants. 406 872
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Table 6.3 (continued)

Standard

Variable Definition Mean deviation
Unemployment rate District unemployment rate. 7.76 3.13
Poverty rate Provincial rate unsatisfied basic needs calculated

by FONCODES. 2.22 2.22
Head of household Dichotomous: Individual is head of the

household = 1; otherwise = 0. 0.35 0.48
Price of rice Price in new soles of one kilo of rice

in November 1995 in province. 1.27 0.15
Price of milk Price in new soles of one large can of evaporated

milk in November 1935 in province. 1.57 0.1
Price of tomatoes Price in new soles of one kilo of tomatoes

in November 1995 in province. 112 033
Urban area Dichotomous: Residence in urban or semi-urban

area = 1 (according to the INEI classification

included in the survey); otherwise = 0. 0.78 0.42

Source: 1995 ENAMOQ, author's own calculations.

on personal income, the opportunity cost of time, personal health status,
and perceptions of the quality and effectiveness of the service, among other
things known by the individual that are unknown to us. By contrast, the
number of public health establishments per person in each district indi-
cates the availability of public services independent of the individual deci-
sions to utilize those services or not. This community-average measure is
the variable introduced into health demand equation [6.9]. The quadratic
term of this variable is also included to observe possible nonlinear effects.

Using the community average of public health establishments in equa-
tion [6.9] solves the problem of endogeneity with regard to families and
individuals, but it presents another problem of endogeneity at the com-
munity level. If the state distributed services randomly, as in a social ex-
periment, then there would be no bias. However it is unlikely for the state
to distribute services without reference to some criterion—systematically
benefiting the rich or the poor or a particular economic sector or political
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Table 6.4 Censored Tobit Estimates of Health Determinants
by Gender and Region

Men ) Women
Independent Variables Urban Rural Urban Rural
Constant 3.020* 1.408%** 2.367*** 1 572%**
(10.54) (3.74) (10.84) (4.98)
individual characteristics 180.3%** 70, 7%** 280.5*** 128.5**%
Age (109 -0.578 0.105 —1.163%** 1 537**
111 (0.13) (-2.93) (-2.25)
Age? (109 -0.871 -1.584* -0.192 0.093
(-1.36) (-1.68) (-0.39) (0.12)
Variables of Human Capital 49.7*** 22 5*** 56.1%** 13,2%*>
Years of education (10-2) 3.827* 5.899*** 2.296*** 0480
(2.62) (3.26) (2.63) (-0.36)
Years of education squared (10-)  -0.071 -0.275** -0.024 0.178
(-0.76) (-2.05) (-0.39) (1.64)
Household assets
Nonlabor income 0.018 -0.017 0.041***  —0.097*
(1.35) (-0.53) (3.55) (~1.85)
Housing infrastructure 16.4*** 6.1 26.4%** 8.6%**
Hours of water supply (10 1.538 3.762* -0.155 2.907*
(1.25) (1.86) (-0.16) (1.75)
Adequate drainage system 0.006 0.048 0.013 -0.113
(0.22) (0.57) (0.61) (-1.63)
Nondirt flooring 0.276* 0.093 0.283***  0.124*
(3.66) (1.22) (4.96) (1.93)
Regional variables 13.9%%% — 21.2%%% —
Residence at coast -0.130* 0.131** ~0.107%** 0.228***
(-2.98) (2.31) (-3.05) (4.86)
Residence in Lima 0.182* — 0.176*** —
(3.64) [4.60]
Community variables 9.7%** 6.2** 17.4%** 6.7**
Poverty indicator -0.978** -7.095** -0.711~ -1.214
(-1.99) (-2.20) (-1.76) (-0.45)
-1.095**  -1.036* ~1.361%**  _1.236%*

Unemployment rate
(-2.22) (-1.74) (-3.65) (-2.57)
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Table 6.4 (continued)

___Men ____Women
Independent Variables Urban Rural Urban Rural
Health infrastructure 2.3 — 6.7** -
Health centers per capita -0.321 0.139** -0.797** 0.089*
(-0.66) (2.15) (-2.18) (1.70)
Health centers per capita’ 0.224 -0.014** 0.699**  -0.012%**
(0.48) (-2.50) (1.99) (-2.73)
Food prices 107.2%** 17.0*** 97.4%** 14.4%+*
Rice -0.977* ~0.410%** -0.718***  _.322%**
(-9.32) (-2.92) (-9.08) (=2.77)
Tomatoes -0.285* -0.092 -0.198***  -0.088
(-6.64) (-1.37) (-6.03) (-1.53)
Milk 0.276** 0.607*** 0.286%** 0.475%**
(2.08) (3.26) (2.77) (2.92)
H/ (Health centers) -0.304 0.135** -0.740** 0.085*
(-0.68) (2.14) (-2.20) (1.67)
Log Likelihood Ratio -12,209 -4,174 -16,107 4,721
Chi? 483 3% %% — 755.4%** —
Prob (H* < 1) 22.7% 29.1% 32.7% 38.0%
Number of observations 18,787 5,633 20,435 5,671

Notes: The dependent variable in all cases is H = 141 + number of days ill); t-statistics are in parentheses;
and tests of joint significance are in bold face and italics.

* Statistically significant to 10% confidence level.
** Statistically significant to 5% confidence level.

*** Statistically significant to 1% confidence level.

supporters.” In the case of Peru, public health posts appear to have been
built in localities with the worst health endowment, leading to a positive
correlation between the error term (e,;) and the number of public centers.

7 Sen (1995) describes the economics of the distribution of social program benefits. Beyond
the interest in benefiting the most needy—as suggested by Rosenzweig and Wolpin (1986)
and Pitt et al. (1995)—there are problems of political viability and the strength of powerful
interest groups. The well-known theory of pressure groups models this phenomenon, while
the theory of altruism formalizes the desire to compensate the most needy.



206 RAFAEL CORTEZ

This would generate a downward bias in the estimated impact of public
health services on health. It was not possible to correct for this bias in the
analysis because effective instrumental variables could not be found to make
the required adjustments. Therefore, the results have to be viewed cautiously
due to the possibility of downward bias.

Results: Health Affects Productivity

The sample used in the regressions includes only individuals aged between
18 and 70; that is, adults who are potential participants in the labor market.
Corrections were made for participation in the labor force using a probit
equation (see Appendix II in Cortez, 1999). Wald tests indicate that the set
of instruments (X, ) is significant in the four samples: men and women from
urban and rural areas.

The results of the health equation (see Table 6.4) generally follow our
expectations. In each of the samples, age is associated with a decline in health
status. Both the linear and quadratic coefficients are negative in all cases
except for rural men. But in this latter case, the negative coefficient on the
quadratic term leads to a negative relationship with age over the relevant
range (18 to 70 years). The estimated impact of age is always negative with
respect to health.

The variables that indicate wealth are only significant in some cases.
Nonlabor family income per capita is significant only for women, and rural
women obtain an unexpectedly negative coefficient. This result is difficult
to explain. Hours of access to the public system of potable water, adequate
drainage, and surfaced floors in the home are jointly significant and have
positive effects on the health of the urban population and of rural women.
These variables may be measuring the direct impact on health status of bet-
ter hygiene and environment and/or acting as proxies for wealth. The inter-
action of these variables with nonlabor income might account for the negative
coefficient on nonlabor income found for rural women.

Education has a positive impact that could be associated with better
use of knowledge and available inputs, leading to better health care. In gen-
eral the coefficients of education in Table 6.4 would be biased downwards if
there were a systematic correlation between education and reported health
status. For example, in our sample it appears that more-educated individu-
als tend to report illnesses more often than do those who are less educated.
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In relation to the impacts of health input costs, increased food prices
(with the exception of milk) significantly reduce health status in all the
samples. The positive coefficient of the milk price may be explained by its
correlation with the prices of other foods not included in the estimate.

Community conditions are relevant determinants of individual health
status. People living in provinces with higher poverty rates or local unem-
ployment rates tend to have poorer health. After controlling for these fac-
tors, living in Lima and at the rural coast is associated with better health
status, while living at the urban coast is associated with poorer health status.
These tendencies could be the result of greater access to better-quality health
care (in the case of Lima), to climatic factors, or to other health-enhancing
resources in generally wealthier areas.”

In rural areas, the availability of public health posts has a positive and
significant impact on health status. The negative coefficients on the qua-
dratic terms indicate declining marginal returns on public investment in
health. That is, for each additional health post provided, the marginal im-
provement in expected health status will be smaller. In urban areas the re-
sults are counterintuitive. The impact of more health posts in urban areas is
negatively associated with health status, and this effect is statistically signifi-
cant for women. One possibility is that health posts may be associated with
poorer sections of urban areas, while in wealthier sections people make
greater use of private services or public hospitals.

Using the results of the health equation, it is now possible to see the
effect of introducing a corrected health measure into an earnings function
(see Tables 6.5 through 6.8). Three different cases are shown for the wage
function: (i) excluding the health variable, (ii) including the reported values
of health status, and (iii) including the corrected values of the health indica-
tor. The latter are obtained from the regressions of Table 6.4 and are pre-
sumed to be free from the biases of simultaneity and measurement error.

As expected, health conditions have a significant and positive effect
on productivity. An improvement in health status raises wages across all

¢ Only some of the consumer prices were available for all the departments (provinces) in the
country. The data in this case are obtained from the 24 Departmental Statistical Compendi-
urns for 1995 by the National Institute of Statistics and Informatics {INEI).

7 Note that rural coastal Peru is relatively prosperous, with large, irrigated, and productive
commercial plantations,
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population groups, by gender and area, whether using the reported health
variable or the corrected variable. However both the coefficient and level of
significance of the health variable are much greater in the latter case.

The magnitude of the impact of health on productivity varies by popu-
lation group. Improvements in health conditions have a greater impact on
productivity in rural areas. This difference in favor of rural areas is greater
among men than women. To see this more clearly, Table 6.9 shows the im-
pact on hourly wages of an additional day of health per month.®

The results for the remaining variables in Tables 6.5 through 6.8 show
that when health is not controlled, the coefficients on age and education are
biased slightly upward. This suggests that when the health variable is omit-
ted, part of health’s impact on productivity is being attributed incorrectly to
age and education.

When the instrumented health variable is utilized in the wage equa-
tion and compared with the specification for no health variable at all, the
estimated returns to education for men are lower by 9.5 percent and 55.2
percent in urban and rural areas, respectively. For women, the proportion of
overestimation is 15.7 percent and 12.5 percent in urban and rural areas,
respectively. This upward bias is due to the expected positive correlation
between both forms of human capital: education and health (Schultz, 1996).
Education captures part of the impact of health when the health status vari-
able is omitted from the equation.

The effect of an additional year of education depends on the coeffi-
cients of the linear and quadratic terms of the education variable, and on
the number of years of study.’ At the bottom of Tables 6.5 through 6.8, the
marginal return to education is evaluated at the sample mean. The magni-
tude of the impact varies from one sample to another. Including the instru-
mented health variable, the correct returns to education in urban areas are
7.4 percent and 5.1 percent for men and women, respectively, and in rural
areas 5.8 percent and 10.4 percent.

8Given that H = 1/(1 + D), then W / 0D =(dW / H }x(9H / 9D) = —a,/(1+ D)?, where a,
is the coefficient of the indicator H in the wage equation and D is evaluated at the sample
means.

? Given equation [6.1], then Aln(W) = A% W = a, + 2a,, S with one additional year of study,
where ¢, and «, represent the coefficients of the linear and quadratic terms of the years of
study. Specifically for urban men, the return (A% W) is equal to 0.074 = 0.094 + 2 (-0.00101)
(9.13), where 9.13 is the sampling average of the years of study.
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Table 6.5 Wage Determinants of Urban Men

(ii)
(i) Exogenous (iii)
Variables Without health v Health
Constant -1.374* > —1.427%%* ~2.103%**
(-8.50) (-8.77) (~8.79)
individual characteristics
Age 0.052*** 0.051*** 0.051%**
(7.12) (6.94) (6.96)
Age? (109 -0.053*** ~0.051%** ~0.048%**
(-5.98) (-5.77) (-5.39)
Human capital variables
Years of education 0.108*** 0.107*** 0.094%**
(10.14) (10.07) (8.40)
Years of education? (102 -0.143** -0.140** -0.101
(-2.07) (-2.02) (-1.45)
Health indicator — 0.090*** 0.933***
(4.19) (4.13)
Variables of the local market
Residence in Lima 0.265%** 0.265*** 0.276%**
(13.91) (13.90) (14.32)
Unemployment rate (to district level) 0.387* 0.398* 0.486**
(1.65) (1.70) (2.06)
Selection term —0.184**x* —-0.196*** ~0.193***
(-3.36) (-3.57) (-3.53)
Rate of return on education 8.1% 8.0% 7.4%
Return to health — 0.5% 4.7%
Joint significance tests:
Individual characteristics 1897 1% 202 1 x** 181.6***
Education 1,175.3*** 1,165.6*%** 621.6%**
Human capitol variables 1,175.3%** 1,192.8*** 1,192.7%**
Labor market variables 233.8%** 236.3%** 247 9%%*
Hausman test — — 184 1% **
Log likelihood -18,478 -18,469 -18,469
Chi? 295.5%** 261.1%%* 261.0%**
R? adjusted 0.126 0.127 0.127
Number of observations 14,321 14,321 14,321

Notes: The estimates are OLS corrected by the Heckman two-stage estimate for participation in the labor
force; the dependent variable is the natural logarithm of the hourly wage; t-statistics are in parentheses.

* Significance to 10% confidence level.
** Significance to 5% confidence level.

*** Significance to 1% confidence level.
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Table 6.6 Wage Determinants of Rural Men

(i) (D)
Without Exogenous (iii)
Variables health [Iv1 Health
Constant ~1.496*** —1.551*** —3.944***
(-6.03) (-6.21) (~9.17)
Individual characteristics
Age 0.029** 0.028** 0.015
(2.57) (2.52) (1.36)
Age? (10%) -0.038%** -0.037*** -0.006
(-3.05) (-2.97) (-0.46)
Variables of human capital
Years of education 0.024 0.022 —0.057%**
(1.25) (1.17) (-2.60)
Years of education? (1079 0.537*** 0.545*** 0.938***
(3.79) (3.85) (6.16)
Health indicator — 0.086* 3.464%**
(1.77) (6.95)
Variables of the Jocal market
Residence in Lima — — —
Unemployment rate (to district level) 1.180** 1.163** 0.787
(2.35) (2.32) (1.57)
Selection term 0.147 0.143 0.129
(1.61) (1.56) (1.42)
Rate of return on education 9.0% 8.9% 5.8%
Return to health — 0.4% 14.2%
Joint significance tests:
Individual characteristics 17.9%** 16.2%** 15.8%%*
Education 291.5%** 288.6*** 150.5%**
Human capital variables 291 5% x* 294.8*** 343 9% **
Labor market variables 10.2%** Q.8*** 5.6
Hausman test — — 1221 %**
Log likelihood -7,164 -7,162 -7,139
Chi? 76.6*** 66.1*** 73.2%**
R? adjusted 0.093 0.093 0.102
Number of observations 4,445 4,445 4,445

Notes: The estimates are OLS corrected by the Heckman two-stage estimate for participation in the labor
force; the dependent variable is the natural logarithm of the hourly wage; t-statistics are in parentheses.

* Significance to 10% confidence level.
** Significance to 5% confidence level.

*** Significance to 1% confidence level.
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Table 6.7 Wage Determinants of Urban Women

(i (i)
Without Exogenous (iii)
Variables health I\ Health
Constant —1.752*** —1.784*** —2.577***
(-10.44) (-10.61) (-9.81)
Individual characteristics
Age 0.074%** 0.073%** 0.074%**
(10.26) (10.18) (10.26)
Age? (107 -0.079*** -0.078*** —0.073***
(-8.77) (-8.64) (-8.03)
Variables of human capital
Years of education 0.105*** 0.104*** 0.091***
(10.45) (10.34) (8.53)
Years of education? (10?) -0.279%** -0.275*** —0.243***
(-3.96) (-3.90) (-3.43)
Health indicator — 0.064*** 1.060***
(2.60) (4.08)
Variables of the local market
Residence in Lima 0.383*** 0.3871*** 0.374%**
(15.45) (15.37) (15.05)
Unemployment rate (to district level) -0.468 -0.435 -0.125
(-1.43) (-1.33) (-0.37)
Selection term 0.002 -0.007 -0.011
(0.04) (-0.12) (-0.19)
Rate of return on education 5.9% 5.9% 5.1%
Return to health — 0.2% 3.4%
Joint significance tests:
Individual characteristics 2271.4%** 225.7%** 206.6%**
Education 630.2%** 637.3%** 647.9%**
Human capital variables 630.2%** 620.4%** 268.8***
Labor market variables 239.8%** 237 7%** 227 9% **
Hausman test — —_ 229.3***
Log likelihood -13,040 ~13,036 -13,031
Chi? 174 3%** 153.5%** 154 8%**
R? adjusted 0.112 0.113 0.114
Number of observations 9,598 9,598 9,598

Notes: The estimates are OLS corrected by the Heckman two—stage estimate for participation in the
labor force; the dependent variable is the natural logarithm of the hourly wage; t-statistics are in

parentheses.
* Significance to 10% confidence level.
** Significance to 5% confidence level.

*** Significance to 1% confidence level.
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Table 6.8 Wage Determinants of Rural Women

(i) (i)
Without Exogenous (iii)
Variables health [vi Health
Constant —2.418*** ~2.487*** —4.267***
(-6.78) (-6.95) (-7.25)
individual characteristics
Age 0.052*** 0.051*** 0.054***
(3.43) (3.32) (3.51)
Age? (107%) -0.058*** -0.055*** ~0.043**
(-3.27) (-3.10) (-2.40)
Variables of human capital
Years of education 0.124**x 0.124%** 0.116***
(4.78) (4.78) (4.44)
Years of education? (10-%) ~0.086 -0.093 -0.130
(-0.42) (-0.45) (-0.63)
Health indicator — 0.146* 2.247***
(1.93) (3.94)
Variables of the local market
Residence in Lima — — —
Unemployment rate (to district level) 3.694%** 3.646%** 3.384%**
(4.52) (4.47) (4.14)
Selection term 0.087 0.075 0.082
(1.08) (0.94) (1.02)
Rate of return on education 1.7% 11.6% 10.4%
Return to health — 0.4% 6.2%
Joint significance tests:
Individual characteristics 12.0%** 11.7% % 23.4%**
Education 177.5%** 175.6%** 188.4***
Human capital variables 171.5%+* 168.7*** 114.4%**
Labor market variables 23.5%** 22.5%** 19.8***
Hausman test —_ — 182.5%**
Log likelihood -3,254 -3,252 -3,246
Chi? 471.5%** 36.2%** 38.1%**
R? adjusted 0.113 0.114 0.120
Number of observations 1,908 1,908 1,908

Notes: The estimates are OLS corrected by the Heckman two-stage estimate for participation in the labor
force; the dependent variable is the natural logarithm of the hourly wage; t-statistics are in parentheses.

* Significance to 10% confidence level.
** Significance to 5% confidence level.

*** Significance to 1% confidence level.
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The impact of residing in Lima is always positive and robust to the
inclusion of the reported or instrumented health conditions. Participation
in the labor market in Lima implies a wage that is 28 percent higher for men
and 37 percent higher for women. Local unemployment (measured at the
district level) should control for differences in labor market conditions across
districts. Unexpectedly, higher unemployment is associated with higher wages
for all of the samples except urban women. These positive effects are also
statistically significant. In a normal labor market model, slack labor markets
(with high unemployment) would be associated with lower wages. The posi-
tive effect of unemployment could indicate significant migration to areas
with stronger labor demand and higher wages, with queuing for those
better-paying jobs. However verification of this hypothesis would require
more detailed analysis of the labor market.

The correction term of the selectivity bias (A) is significant for urban
men and has a negative sign. This indicates that the unobserved characteris-
tics that increase a worker’s probability of labor participation negatively
impact the level of wages received in the market.

Looking at the interaction between health and education further ex-
tends the analysis (Cortez, 1999, Appendix 2). After instrumenting, the in-
teraction of health and schooling has a positive impact for men. Therefore
for this group education and health appear to be complementary. The rate
of return on education is higher when the individual has good health, and
health is also more productive when the individual has more years of educa-
tion. This result contradicts the common hypothesis that health status is of
greater importance for physically intensive “blue collar” than for more intel-
lectually intensive “white collar” occupations. Rather health appears to be
worth more as a person’s education, and presumably the intellectual con-
tent of his/her occupation, increases.

Finally, including an interaction term between instrumented health
and age shows that productivity is more sensitive to changes in health status
for older people. This lends some corroboration to the findings on health
and productivity among the elderly in chapter 3. In all the samples analyzed
here, a positive coefficient is obtained for the interaction of health and age,
and the estimate is statistically significant for rural men and urban women.
This suggests that policies designed to improve the health conditions of the
older population would improve their wages more than similar policies aimed
at younger population groups.
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Table 6.9 Estimates of Returns to Health by Gender and Residence

Population group Return to health
(%)

Men, urban area 4.7

Women, urban area 3.4

Men, rural area 14.2

Women, rural area 6.2

Note: Returns to health are measured as the percentage impact on hourly wages of one less day of
iiness at the mean.

To demonstrate the uses of these findings for public policy, a series of
simulations are shown in Table 6.10. The simulation focuses on the quality
of housing conditions, which were shown to have a significant and positive
effect on hourly wages through their impacts on health status. In each panel,
the mean housing conditions are improved by 10 percent, 30 percent, and
50 percent, respectively. The results suggest that the wages of urban women
and rural men are most sensitive to changes in housing conditions, although
not significantly. For example, an increase of 50 percent in the hours of wa-
ter supply, the quality of flooring, and the community drainage system would
be associated with an increase in women’s hourly wages of 3.5 percent and
1.8 percent in urban and rural areas, respectively. For men the improvement
would be 2.1 percent and 2.3 percent, respectively.

Conclusions

This chapter has shown that health status can be usefully considered to be a
component of human capital since it is systematically influenced by decision
variables and it influences wage levels. It is shown that public policies, by im-
proving individual health conditions, can raise household wages and thereby
improve the standard of living. The techniques of instrumental variables re-
duce the bias due to measurement errors and potential endogeneity present
in the reported health information in Peru’s national household surveys.
The results of the 1995 national household survey show that the rate
of illness and number of days of illness reported are negatively related to
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Table 6.10 Impact on Wages of Improved Housing Infrastructure
by Gender and Area (%)

Policies Urban Rural Urban Rural
men men women women

 Simulation1

Mean hours of water supply (per district)*1.1 0.0 0.1 0.0 0.1
Mean share with adequate drainage (per district)* 1.1 0.1 0.0 0.0 -0.1
Mean quality of floors (per district)*1.1 0.4 0.3 0.7 0.3
Hourly wage increase due to 10% improvement in housing 0.4 04 0.7 0.3
e _ Simulation3 - .

Mean hours of water supply (per district)*1.3 0.1 0.4 0.0 0.3
Mean share with adequate drainage (per district)*1.3 0.0 0.1 0.1 0.2
Mean quality of floors (per district)*1.3 1.2 0.9 20 1.0
Hourly wage increase due to 30% improvement in housing 1.3 1.4 2.1 1.1

Simulation 3

Mean hours of water supply (per district)*1.5 0.1 0.7 0.0 0.4
Mean share with adequate drainage (per district)*1.5 0.0 0.1 0.2 -0.3
Mean quality of floors (per district)*1.5 20 1.5 33 1.7
Hourly wage increase due to 50% improvement in housing 2.1 2.3 3.5 1.8

individual wages and household income levels. Unexpectedly, individuals
with more years of education report higher rates of illness and receive more
health care services.

Health had a positive and significant impact on wages, with or with-
out corrections for endogeneity and measurement error. Comparisons of
regressions with and without corrections demonstrated empirically that,
unless addressed, endogeneity and measurement error bias the health coef-
ficient downward.

The results were also robust to choices of the dependent variable and
alternative specifications. Comparing findings by gender and area, it was
found that the productivity of urban men and rural women are most sensi-
tive to health status. The health status that is associated with one less day of



216 RAFAEL CORTEZ

reported illness has a larger impact on men’s wages (4.7 percent in urban
areas and 14.2 percent in rural areas) than for women (3.4 percent in urban
areas and 6.2 percent in rural areas).

In all the samples, controlling for health reduces the estimated returns
to age (i.e., experience) and education. As theory predicts, the estimates of
these variables are overestimated when the health variable is omitted from
the wage equation. The difference between the controlled and uncontrolled
estimates shows that the upward bias for age and education are most prob-
lematic for rural men and urban women.

Health conditions appear to be sensitive to public decisions to build
and run health posts in rural areas. The health of rural men is most favored
by such an expansion of health services. In urban areas, however, the pres-
ence of public health services is associated with poorer health status, prob-
ably reflecting a greater concentration of public services in poorer urban
areas. Other public services—such as the number of doctors/nurses for ev-
ery 10,000 inhabitants, the number of beds per district, the level of Social
Security Institute coverage by district—did not show any significant impact
on health status. In these cases, it is not possible to distinguish whether the
results were due to the low quality of the information, insufficient level of
disaggregation, serious problems of measurement, or a simple lack of im-
pact on health.

In addition to the supply of health infrastructure, housing and the
community environment had significant effects on health and wages. In
particular the results of simulations indicate that both the hourly wages and
health status of urban men and rural women are particularly sensitive to
investments in improved housing. Local labor market conditions also ap-
pear to have an impact on health since the level of poverty and unemploy-
ment had a negative impact on individual health status.

One of the problems that had to be dealt with in the research was
insufficient information for other policy variables that could be incorpo-
rated into the health equation. Also, the survey only contained information
on incidence of illness and the number of days of illness reported by indi-
viduals. Thus it was not possible to validate these health indicators against
such measures as days of disability due to illness (i.e., an inability to work)
or anthropometric measurements for adults. Validation of these health in-
dicators is an important challenge for future research. It will also be impor-
tant to include more information from other sources, principally indicators
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associated with policy instruments for specific public health programs and
food subsidies that are priorities in the state budget. An evaluation of how
these policies affect individual health would make it possible to evaluate
their indirect impact on wages. This could be very useful in measuring the
benefits of such programs beyond the direct effects on health.
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CHAPTER 7

Productivity and
Health Status in Nicaragua

Jaime Espinosa Ferrando and
Carlos Herndndez Alvarez,
with William D. Savedoff’

This chapter presents evidence on the determinants of health status in Nicara-
gua, the lowest-income country covered by this book. It discusses how these
health status determinants affect individual productivity as measured by hourly
income. Using self-reported illness and days of illness as measures of health
status, the analysis shows that poor health does reduce productivity, by as much
as 58 percent, although the estimates are not precise. Health status is signifi-
cantly influenced by community and policy variables, with the most important
being urban housing conditions, rural sanitation, and the supply of preventive
care services by nurses. A community program, Casa Mujer, in which women
organize to provide public services, also has a demonstrably positive impact on
the health of rural men and both rural and urban women.

The study is based on data collected by the Living Standard Survey
(ENV93) conducted in 1993. In addition to the known difficulties of measur-
ing health status, data quality problems were encountered as a result of errors
in the questionnaires, sampling, and data processing. The country’s difficult
political, economic, and social transition during the early 1990s, encompassing
the time of the survey, may have contributed to the reduced explanatory power
of the models and account for some of the odd findings of unexpected or re-
versed relationships.

' Dr. Espinosa and Dr. Herndndez are Physicians and Consultants at the Fundacién
Internacional Para el Desafio Econémico Global (FIDEG) in Managua, Nicaragua. Dr. Wil-
liam D. Savedoff, Inter-American Development Bank, assisted in the writing of this chapter
and in refining the interpretation of results originally presented in a working paper by Espinosa
and Hernandez (1999).
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Introduction

Nicaragua is the lowest-income country studied in this book. Its per capita
income in 1997 was about US$491, compared to US$1,738 in Colombia,
US$2,209 in Peru, and US$3,347 in Mexico. For various reasons, it is rea-
sonable to expect that better health would have a larger and more signifi-
cant impact on productivity and earnings in such a low-income context.
This would be the case if health has declining marginal returns, or if occu-
pations requiring physical strength or endurance are more affected by health
status than the service occupations and intellectual activities that make up
an increasing share of work in middle- and upper-income countries. In fact
much of the literature that has analyzed the links between health and pro-
ductivity has focused on lower-income countries or lower-income groups
within those countries for these very reasons, even though the results have
not been as dramatic as expected.? In terms of income levels, this analysis of
Nicaragua may be more comparable to studies in Ghana and Céte d’Ivoire
by Schultz (1996) and Schultz and Tansel (1997) than to studies of other
countries in Latin America. In the two African countries, per capita income
was US$370 and US$690, respectively.®

This chapter will first study the determinants of household health in-
vestments and then analyze how these investments contribute to the pro-
ductivity, wages, and income of families in Nicaragua. In addition to
understanding the relationship between health and productivity in Nicara-
guan households, special attention is paid to regional differences and to iden-
tifying which health policy measures may have the greatest impact on health
and earning capacities.

After a brief description of Nicaragua, the analysis proceeds in two
stages. First, the determinants of the health of individuals are analyzed, dif-
ferentiated by age and gender and socioeconomic characteristics such as
urban—rural location, endowment of public services, housing conditions,

2 See for example, Schultz and Tansel (1997) for Ghana and Cote d’Ivoire; Deolalikar (1988);
Pitt et al. (1990); and Strauss (1986).

3 The earlier per capita income figures for the Latin American countries are taken from the
IDB (1998) and are not directly comparable to the figures presented for Ghana and Céte
d’Ivoire, which are derived from the World Bank (1999).
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region of residence, etc. Second, the returns to health status are analyzed
using the income of wage-earning and self-employed workers as the mea-
sure of productivity. The remaining sections discuss policy implications and
provide concluding remarks.

Nicaragua: A Low-Income Country in Transition

Nicaragua represents about one-third of the area of Central America. Topo-
graphically the country is divided into three regions. The Pacific region is
the most densely populated and highly urbanized; the Central region is
mountainous, less populated, and more sparsely settled; and the Atlantic
region along the Caribbean coast is hot and humid, thinly populated, and
characterized by an enclave economy whose activities are still predominantly
rural and agricultural.

Several studies have demonstrated the high levels of poverty among
the majority of the Nicaraguan population. According to a study by the World
Bank (1995), 50 percent of the population was living below the poverty line
in 1993, and 19 percent was living in extreme poverty. The most difficult
situation is found in rural areas, where 76 percent of the population lives
below the poverty line and 36 percent are in extreme poverty.*

Income distribution is profoundly unequal. According to a Country
Economic Memorandum of the World Bank {1994b), the richest 20 percent
of the population received 65 percent of national income, while the poorest
20 percent received only 3 percent—a ratio of 22 to 1. This ratio puts Nica-
ragua into a situation that is similar to the United States, but at significantly
lower levels of average income.

The 1995 Nicaraguan census reported a population of approximately
4.1 million. The fertility rate between 1990 and 1995 was estimated to be 4.4
children per woman. A high fertility rate throughout the twentieth century
has given the country a very young age structure: Fully 45 percent of the
population is under 15 years old. Although population growth has slowed

4 Based on the same 1993 survey but using a Basic Needs approach, the Ministerio de Accién
Social (MAS), with assistance from UNDP, classified 44 percent of households as extremely
poor and 31 percent as poor, leaving only 25 percent to be considered “not poor” (MAS et al,,
1994b).



222 J. ESPINOSA FERRANDO, C. HERNANDEZ ALVAREZ, W. D. SAVEDOFF

to 2.6 percent in recent years, the number of Nicaraguans is still expected to
double during the next 30 years.?

Life expectancy at birth has been increasing in line with declining mor-
tality. Life expectancy rose from 48.5 years in the 1960-65 period to 66 years
in the 1990-95 period. In rural areas life expectancy was almost 10 years
lower, but higher for women than for men. It is estimated that in 1990 the
country had a general mortality rate of 10 per 1,000 inhabitants, with a high
share accounted by infants and those over 50 years old.® Infant mortality
accounted for 24 percent of all deaths in 1981. Diarrheic diseases are the
primary cause of infant and preschool morbidity and mortality, and general
mortality. The country also has high rates of infectious diseases, particularly
malaria, dengue, and leishmaniasis. Among the immunogenic diseases sus-
ceptible to vaccines, measles and whooping cough reached epidemic levels
in 1990.

Public policy in Nicaragua has been erratic. The mobilization of social
programs under the Sandinista regime in the early 1980s reduced illiteracy
and mortality, however this process was not sustained during the ensuing
civil war and socioeconomic crisis. During the 1980s Gross Domestic Prod-
uct (GDP) fell by an average of 1.8 percent annually; and by the end of this
period, income per capita had fallen 36 percent. The accumulated crisis led
to deterioration in general living and hygienic conditions. This spurred the
reemergence of certain infectious and vaccine-preventable diseases as im-
portant causes of morbidity and mortality, and increased the demand for
health services that were already stretched to the breaking point by thou-
sands of refugees, repatriates, and demobilized soldiers. Following resolu-
tion of the internal conflict, the Nicaraguan economy underwent a series of
structural changes intended to reduce inflation and reactivate economic
growth, but without achieving substantial success.

Health policy in the 1980s was characterized by an effort to guarantee
access, at public expense, to health services for the greatest number of people.
This led to a serious fiscal deficit. Later, when economic policy focused on

% Figures in this and following paragraphs come from a variety of government data sources,
including MAS et al. (1994a, 1994b), INEC (1992), Ministerio de Salud (1991, 1996), and
Management Sciences et al. (1996).

¢ Deaths are substantially underreported in Nicaragua, so the data on mortality must be inter-
preted with considerable qualification.
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reducing the deficit, public financing for health services fell. In the 1985-89
period, the public system represented approximately 75 percent of health
spending. This ratio has nearly reversed, with the share of public outlays
declining to 55 percent by 1994 and to alittle more than 30 percent in recent
years. Yet in 1993, the year of our data, the state still financed free medical
care for 84 percent of all patients treated (Espinosa, 1996).

A Model for Analyzing Health and Productivity

The model used for this analysis follows closely the one presented in chapter
1. A two-stage least squares model was used to address endogeneity and
measurement error in the health status variables. The first-stage regression
explained health as a function of several individual, community, and policy
variables—using the latter two sets of variables to identify the model. In the
second-stage regression, wages were analyzed as a function of individual
characteristics and a health status variable. The regressions were estimated
without the health status variable, with the health status variable, and with
the instrumented health status variable. The estimates were also done sepa-
rately by gender, region, and type of employment to determine whether there
were major differences among these categories.

In the first stage, several variables were selected and evaluated to rep-
resent health status. Different alternatives were studied, including days of
illness, days disabled, and days in bed. Finally two models were selected: one
utilizing the dichotomous variable of reported illness, and the other using
reported days of illness. The model is necessarily incomplete since health
status is the outcome of a complex process determined by a convergence of
factors derived from personal characteristics, family, integration into the
productive process and the market, the community in which the individual
resides and works, and social exclusion.

The reduced form equation that was estimated for health status (H),
using illness or days ill as dependent variables, is:

H = f(CI,CV,EC,0C) [7.1]

in which CI represents individual characteristics such as schooling and la-
bor experience in years, and CV represents family housing conditions (type
of flooring, overcrowding, and sanitation) and the amount paid for electric
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power as a proxy for household wealth. EC represents the level of social
services available in the community, including the supply of health services
(availability of personnel) and supply of primary education. OC represents
the level of community organization, for which we use a specific commu-
nity program called Casa Mujer.

In the second stage, an income function was estimated. The model of
the income function was constructed taking into consideration variables
representing individuals’ capacities and opportunities in the labor market.
The earnings function, as an extension of Mincer (1974), is:

W= f(E, EC, UT, H) [7.2]

in which W represents the log of hourly wages, explained by experience (E),
schooling (EC), region (UT), and health status (H).

The Database and Sample

The database utilized here is the Living Standard Survey (ENV93). The sur-
vey was conducted in 1993 by the Instituto Nacional de Estadisticas y Censos
(INEC), with international support. The survey collected data from 25,165
individuals in 4,554 households representative of rural and urban areas in
all regions of the country.

The definition of the sampling framework was quite old, based on
records prior to the programmed National Population Census of 1982 by
INEC, and information from Vote Receiving Boards (JRV) covering the 1990
general elections. Given the lack of accurate data on the demographic distri-
bution by region due to the internal and external migration of previous
years, the sample size was standardized by regional strata. The defects in
calculation of the sampling size make it impossible to make accurate projec-
tions for the nation as a whole.

The main questionnaire for individuals provided all the variables re-
lated to the personal characteristics of each respondent in the sample, as
well as the respondent’s labor and income data. Many variables had to be
excluded because of inconsistencies, missing information, or an excessive
reduction of the sample due to a very small number of valid records.

The household module of the 1993 survey provided all the data on
housing conditions (flooring, roofing), water supply and sanitation, family
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wealth, and others. The values of the variables included were assigned equally
to all the individuals belonging to each household.

The information on public services was taken from a database, main-
tained by the Ministry of Social Action (MAS), on the supply of public and
community services during the year covered by the living standards survey.
The database is organized at a neighborhood level (i.e., the comarca, which
represents the smallest political territorial unit, of which there are 7,500 na-
tionwide), and has 162 variables at that disaggregated level. Given that both
databases coincide only at the municipal level, the data was merged by mu-
nicipality. That is, all the inhabitants of a municipality were assigned the
same level of community facilities.

Finally, two mitigating factors must be mentioned that in combina-
tion had a significant impact on the study. First there is substantial evidence
that the survey lacked adequate quality controls and that there were prob-
lems in the design of the questionnaire. Presumably these caused the many
observations with missing data, and the inconsistency between many values
in the same record. Furthermore, the definitions were frequently unclear,
particularly in the case of defining income (e.g., Is the reported income fig-
ure net of costs for the self-employed? Is income produced by a rural family
consisting of its agricultural production net of the family’s own consump-
tion in the rural areas?).

The second factor relates to the period of the survey, which was charac-
terized by a dramatic transition as the armed conflict ended and there was a
shift from a state-regulated to a market economy. The structural changes in
the economy and in society affected thousands of Nicaraguans who either lost
or gained jobs and associated benefits that supplemented their wages, or lost
or gained ownership of housing and productive assets. These developments
severely affected the labor market. The disequilibrium of markets undergoing
dramatic institutional changes may account for some of the puzzling and un-
expected relationships between key variables that will be described below.

The Sample

Of the 14,064 individuals of working age (18 to 65) who were surveyed in
the sample, 9,439 were excluded because they did not work, did not report
hourly wages, or did not report their type of employment. Of the 4,625 who
remain, another 174 were excluded because of missing variables or responses
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Table 7.1 Distribution of Study Sample by Gender, Area, and Economic
Activity (%)

Gender Area of Residence Type of Employment All
Rural Urban Self- Wage
employed earner
Women 23.6 76.4 376 62.4 27.0
Men 37.7 62.3 33.1 66.9 63.0
All 325 67.5 34.8 65.2 100.0
Number 1,446 3,005 1,548 2,903 4,451

Source: Nicaraguan Living Standard Survey, 1993.

that were outside a reasonable range of values.” The final sample, then, in-
cluded 4,451 individuals, of whom 63 percent were men and 68 percent
resided in urban areas (see Table 7.1). For other relevant characteristics of
the sample, see table 7.2.

The sample was disaggregated by employment type into wage earners
and the self-employed. Only the principle productive activity was taken into
consideration because the data (particularly for income) related to second-
ary activity contained very few valid values. Wage earners are defined as
respondents who stated they were workmen (obreros), employees, or do-
mestic servants. The self-employed comprise workers who identified them-
selves as such or who were independent professionals. Individuals who stated
they were nonremunerated relatives or employers were excluded.

Of the 4,451 individuals in the sample study, 65 percent were wage earn-
ers concentrated in the 25-34 age group, the largest of the age groups. The
self-employed account for 35 percent of the sample, and are concentrated
among individuals aged 35 to 44. This pattern is probably due to the drastic
cut in state employment between 1987 and 1992 when there was weak de-
mand for workers in the private sector, which led a large number of displaced
public employees to seek income through their own economic activities.

7 For more details regarding the sample and the selection criteria, see Espinosa and Herndndez
(1999).
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Table 7.2 Living Standard Survey 1993 Sample Characteristics—Remunerated
Individuals (18 to 60 Years Old)

Variables Mean Std. Dev. Min Max Values

Area 0.6 0.47 . 0.00 1.00 O-Rural, 1-Urban

Gender 0.63 0.48 0.00 1.00 0-Women, 1-Men

Employment 0.65 0.48 0.00 1.00  0-Self-employed,
1-Wage earner

Age 3485 11.32 18.00 65.00  Years

Schooling 5.76 4.69 0.00 18.00 Years

Experience 23.09 131 0.00 59.00  Years

Central region 0.33 0.47 0.00 1.00  0-No, 1-Yes

Pacific region 0.57 0.50 0.00 1.00  0-No, 1-Yes

Atlantic region 0.10 0.30 0.00 0-No 1-Yes

lliness in last 29 days 020  0.40 0.00 1.00  0-No, 1-Yes
Days of illness 1.61 3.97 0.00 28.00 Days

Income per hour 539 1224 0.02 416.67 1993 cordobas
Logarithm income/hour 1.12 1.00 -4.17 6.03  Log (cordobas)

eqateflor .51 . . o, -Y
Overcrowding - A 419 2.69 0.25 20.00  Persons per room
Overcrowding - B 0.35 048 0.00 1.00  0-<4.5 pers/room;
1->4.5 pers/room
Sanitation 0.87 0.34 0.00 1.00 0-No, 1-Yes
Electricity bill 4548 76.08 0.00 800.00 Cordobas
Nurses 194 176 024 984 1,000 inhabitants
per nursing assistant
Doctors 358 3.09 0.28 26.18 1,000 inhabitants per doctor
Classrooms 0.06 0.03 0.02 0.18 1,000 children per primary
classroom

Casa de la Mujer 8.64 7.47 0.00 27.57 1,000 women per
Casa de la Mujer

Note: Calcutated for the sample of 4,451 people with earnings who were used in the study.
Only 4,395 observations were used for the overcrowding variables due to missing data.
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Table 7.3 Log Hourly income by Gender, Residence Area, and Employment
Type

Gender Area of Residence Employment Type All
Rural Urban Self- Wage
employed earner
Women 0.76 1.27 1.26 1.08 1.15
Men 0.51 1.46 1.14 1.08 1.10
Average 0.58 1.38 1.19 1.08 1.12
Numnber 1,446 3,005 1,548 2,903 4,451

Source: Nicaraguan Living Standard Survey, 1993.

Hourly Income

Te elicit information about income, respondents were asked how much they
received for work done in the seven days prior to the survey, as well as pay-
ment or assistance in the form of in-kind benefits, meals at work, housing,
uniforms, and bonuses. For the purposes of this study only cash income was
considered—that is, payments in kind were excluded. However since bo-
nuses are paid once a year and the income or wage was received in different
installments (daily, weekly, bimonthly, or monthly), all forms of cash in-
come were standardized by calculating an average monthly income and then
calculating an implicit hourly wage.®? As mentioned previously, the design
of the questionnaire led to many ambiguities, and other researchers have
also noted problems with the income figures reported in the 1993 survey.
Although the average income of urban workers is higher than that of
rural workers, the gender differentials show that women in rural areas have
higher earnings than men have (see Table 7.3). A study by the World Bank
(1995) using the same 1993 survey reported a similar finding in the hourly
and monthly income data, with higher income for women in several age
groups, in rural areas, and in certain informal economic activities.
Women, both wage earners and the self-employed, have a slightly higher
average income than do men overall. The lowest average income is recorded

& For more details on the definition of income, see Espinosa and Hernandez (1999).
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by the rural self-employed—who are primarily small-scale farmers with sub-
sistence production. In general, wage earners have higher average incomes
than the self-employed; only in urban areas do the latter exceed the average
income of wage earners.

Health Status

The basic indicator of health status used in this analysis is based on self-
reported illnesses in the 30 days preceding the survey. Admittedly this indi-
cator fails to objectively capture the full range of somatic and psychic
development and environmental relationships that are important to mea-
suring an individual’s health status. Nevertheless the self-reported measure
is the indicator provided by the survey, and problems generated by the mea-
surement error inherent in this variable can be addressed through the use of
instrumental variable techniques.

Four questions in the 1993 survey were related to an individual’s health
status. The first asked whether the individual had been ill or in an accident
in the 30 days prior to the survey. If the answer was affirmative, three addi-
tional questions were asked: How many days were you ill? Did you stay in
bed because of the illness? How many days did you stay in bed because of
this illness?

Of individuals who reported illness or an accident, 30 percent indi-
cated that they had been forced to “stay in bed” (see Table 7.4). This response
was more frequent among women (30.1 percent) and the self-employed (32.6
percent). The relatively small number of reported cases that involved the re-
spondent staying in bed and the poor performance of this variable in our
analysis caused it to be discarded as an indicator of health status for this
study. The health status indicators that were used are (1) whether or not the
individual reported an illness and (2) the number of days ill.

In reviewing the data, an appreciable number of individuals reported
being ill for the full 30 days prior to the survey. Presumably many of these
individuals were chronically and acutely ill. Retaining this group in the
sample substantially impaired the performance of the models, and so all of
these 134 individuals were subsequently excluded. The sample for the health
indicator of days ill therefore is limited to respondents reporting between
1 and 29 days of illness. This raises a question of whether other studies
would also benefit by distinguishing the qualitative difference between
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Table 7.4 Distributien of lilness by Gender, Area, and Employment Type

Sample All Reported ill Incidence (%)

Women Rural 390 98 251

Urban 1,262 280 22.2
All 1,652 378 229
Men Rural 1,056 242 229
Urban 1,743 278 15.9
Al 2,799 520 18.6
Total Rural 1,446 340 235
Urban 3,005 558 18.6

All 4,451 898 20.2

Women  Self-employed 621 184 29.6

Wage earners 1,031 194 18.8
All 1,652 378 229
Men Self-employed 927 208 22.4
Wage earners 1,872 312 16.7
All 2,799 520 18.6
Total Self-employed 1,548 392 253
Wage earners 2,903 506 17.4
All 4,451 898 20.2

Source: Nicaraguan Living Standard Survey, 1993.

health status as indicated by reports of occasional illnesses from those due
to chronic or acute conditions.

In the total sample, 898 individuals (20.2 percent) reported illness or
an accident in the 30 days prior to the survey. The largest incidence was in
the rural area with 23.5 percent, compared to 18.6 percent in urban areas.
Women (22.9 percent) reported illness more frequently than did men (18.6
percent).

The gap in incidence of reported illness widens according to condi-
tion of employment: Among the self-employed, 25.3 percent suffered some
kind of illness, higher than the figure for wage earners, which was 17.4 per-
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cent. This situation is unexpected because, presumably, the self-employed
are more susceptible to illness than wage earners who should be able to get
medical care through their social security coverage. However, in Nicaragua
social security covers no more than 15 percent of the economically active
population; the majority of wage earners are not covered by the system ei-
ther because they are linked to productive units in the informal sector or to
seasonal activities (e.g., harvesting of agricultural export products).

The average number of days of illness reported by individuals is 8.0.
The higher incidence of illness found among the self-employed is also re-
flected in a higher average number of days ill—an average of 8.4 (see Table
7.5). Women also report a higher average number of sick days than do men.
The higher incidence rate and the higher average number of days ill for
women occur among both wage earners and the self-employed.

Urban wage-earning men report the lowest average number of days
ill, while self-employed rural women workers record the highest average
number of days ill. These differences could have numerous potential causes
related to such factors as access to medical services, norms regarding roles in
the family, exposure to occupational hazards, or employer supervision and
contractual forms.

Health Status and Income: A Preview
Despite the subjectivity of the perception of being ill, there is an empirical

relationship between reported illness and average income in different groups.
Without exception, income is lower on average in the groups that reported

Table 7.5 Average Days of lliness by Gender, Area, and Employment Type

Self-employed Wage earner All
Gender Rural Urban ANl Rural Urban All  Rural Urban All
Women 9.9 84 8.9 7.5 7.7 76 8.8 8.0 8.2
Men 7.6 8.2 7.9 8.2 74 7.8 79 77 78
Average 84 8.3 8.4 8.0 7.5 77 8.2 79 80
Number 154 238 392 186 320 506 340 558 898

Seurce: Nicaraguan Living Standard Survey, 1993,
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Table 7.6 Log Hourly Income by Health Status, Gender, Area,
and Employment Type

Health status Gender Area of residence Employment type All
Women Men Rural Urban Self- Wage
employed earner

Not il 1.16 1.13 0.59 1.38 1.23 1.09 1.14
Reported ill 1.1 0.9 0.53 1.35 1.08 1.01 1.04
All 1.15 1.10 0.58 1.38 1.19 1.08 112
Difference (%) -4.9 ~13.1 ~-5.8 -3.0 -139 -7.7 -9.5

Observations 1,652 2,799 1,446 3,005 1,548 2,903 4,451

Source: Nicaraguan Living Standard Survey, 1993.

less illness; however the size of the gap differs across groups. While income
fell by 4.9 percent for women who reported being ill, the 13.1 percent drop
for men who were ill was almost three times greater.

In terms of region of residence, equally significant differences are found
(see Table 7.6). Individuals who are ill in the Pacific region report hourly
income that is only 6.8 percent lower on average, compared to a difference
of 11.3 percent in the Central region and as much as 18.1 percent in the
Atlantic region (see Table 7.7).

Schooling

In general, income increases with years of schooling. However this pattern
does not appear to hold in Nicaragua during the survey period for several
reasons. For example, the predominance of export agriculture may account
for the fact that individuals with a technical education (13+ years) have a
higher income in rural than in urban areas. This occurs because rural tech-
nicians work on large-scale plantations oriented for foreign sales—the most
dynamic economic sector in 1993. Also, among respondents with a primary
education, women have higher incomes than men do. This pattern may be
due to the fact that women tend to work in the independent informal sector
in which they earn higher incomes than do unskilled workers in other sec-
tors. However for those with at least a secondary education, it is more com-
mon for male earnings to exceed female earnings.
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Table 7.7 Log Hourly Income by Health Status, Gender, and Region

Health status Geographical region All
Pacific Central Atlantic

Not ill 1.36 0.75 1.1 1.14

Reported ill 1.29 0.63 0.91 1.04

Average 1.35 0.73 1.08 112

Difference (%) -6.8 -11.3 ~18.1 -9.5

Observations 2,549 1,445 457 4,451

Source: Nicaraguan Living Standard Survey, 1993.

The relationship between illness and schooling is not as clear as the
relationship of illness with income. Although days of illness decrease slightly
as years of schooling increase, in the aggregate and when disaggregated by
gender and area of residence, there are still numerous irregularities that make
it impossible to generalize.?

Household Characteristics

Both public and family investments are responsible for the services avail-
able to families and the characteristics of their dwellings. Four variables
representing household characteristics were extracted from the survey to
represent living conditions that are likely to be related to health status.
These are:

¢ Overcrowding, assuming a qualitative difference starting at 4.5 or
more people per room.

+ Housing conditions, expecting dirt floors to be associated with
poorer health.

+ Housing conditions, expecting the lack of a sewerage system or toilet
to be associated with poorer health.

® See Espinosa and Hernandez {1999) for more details.
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¢ Household wealth, using electricity costs as a proxy for wealth since
the amount is linked to household consumption and ownership of
electrical appliances.

In simple cross tabulations, the number of days ill reported by indi-
viduals is higher in houses that have dirt floors and those that report more
than 4.5 persons per room. Sanitation is particularly uneven when compar-
ing countryside and city. About 39 percent of rural households lack proper
sanitation, while only 2.7 percent of urban households report inadequate
sanitation. Simple cross tabulations demonstrate that more days of illness
are reported in households that lack sanitation. However sanitation services
are also correlated with income, so a definitive statement on this and the
other relationships awaits proper controls for income and for the interrela-
tionship between income and health.

Access to potable water, which was expected to have a strong relation-
ship to health status, was excluded from the reported estimations because,
surprisingly, it was never significant in any of the specifications for explain-
ing health status.

Access to Social Services

The 1993 survey did not contain information on the services available to the
communities in which the respondents resided. Instead, information on social
services for that year was obtained from the Ministry of Social Action (MAS).
The MAS database, which is derived from institutional reports and local
governments, measures the supply of health services by the availability of
human resources (nurses and doctors) and primary schoolrooms (see Table
7.8).

In the Nicaraguan health system, nursing assistants play a very impor-
tant role in community primary care services. They play key roles in dis-
seminating information on health maintenance and disease prevention,
promoting hygiene, and dispensing preventive care and immunizations. Pri-
ority is given to programs for maternal-infant care and the control of epi-
demics. Nurse assistants are distributed among the most peripheral units in
urban and rural areas. The Central region has relatively few nurse assistants;
the Atlantic region has a slightly higher demographic ratio of personnel to
population; and the Pacific region has the highest concentration.
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Doctors, who almost exclusively practice therapeutic medicine and
organize their work in response to the demand for services, are largely con-
centrated in urban areas. The Pacific region contains the largest number of
doctors. The Central and Atlantic regions are comparatively underserved.
In the study analysis, the number of doctors per 1,000 inhabitants was ex-
cluded since a greater supply was associated with more days of illness. Al-
though plausible explanations for this phenomenon exist—i.e., that doctors
generate their own demand or individuals served by doctors are more likely
to report being ill—it is impossible to determine the actual cause of this
relationship. Apparently doctors do not have enough positive impact on
health status to outweigh these other measurement problems.

As was the case with health services, the Pacific region is also relatively
privileged with respect to the supply of education.

Table 7.8 Supply of Social Services by Region and Area

Region |

Area Pacific - Central Atlantic All

I
ma&i‘om
L

SRR

8.61 3.28 7.13 5.72

12.18 5.53 6.16 10.04
All 11.42 4.38 6.52 8.63

Source: MAS.
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In response to the restriction on public health services since the late
1980s, a number of social organizations (trade unions, employer associa-
tions, neighborhood associations, and NGOs) with assistance from interna-
tional organizations created alternative services for the most vulnerable
sectors of the population. This was especially true of community services
oriented toward women and children. These organizations operate in the
most marginal municipalities and include the Women for Health Network
and the national coordinating committee of organizations that work with
children. The state has been forced to coordinate its policies and services
with these movements.

The Casa Mujer phenomenon exemplifies this effort by civil society to
fill some of the vacuum left by the contraction of public services. It is gener-
ally made up of private nonprofit service units, operated and funded by
NGOs or civil associations. Their outreach tends to be oriented toward
women, providing health promotion and preventive care to reduce risk dur-
ing pregnancy and childbirth. Most units also include follow-up services for
newborns and infants and extensive programs of education and commu-
nity mobilization. Affiliates of Casa Mujer are distributed very unevenly
across municipalities, and vary greatly in technological and decision-
making capacity. The number of Casa Mujer service units was selected be-
cause it was the most suitable indicator available for representing the supply
of such community-organized services.

In contrast to the distribution of public resources, social movements
give priority to the most deprived areas of the country. As a result, commu-
nity services are especially common in the Central and Atlantic regions and
their rural areas.

The Determinants of Health Status in Nicaragua

Thus far, we have looked at health status determinants separately. Using a
probit analysis, it is possible to estimate how much each of these factors
contributes to the probability of falling ill. The results of this analysis are
shown in Table 7.9. The dependent variable is dichotomous and discrete,
equal to 1 if the individual reported being ill in the last 29 days and equal to
0 if the individual reported no illness. A positive coefficient indicates that
the factor increases the probability of having been ill, while a negative coef-
ficient indicates that the factor reduces the probability of having been ill.
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In this Nicaraguan data, after controlling for other factors, age is still
associated with a greater probability of reporting illness. The experience
variable, which is simply a linear transformation of age and education, has a
positive coefficient, although it is not statistically significant. The joint ef-
fect of experience and experience squared in the various subsamples is stron-
ger, but still not significant at the 10 percent level. Nevertheless, the effect
appears to be stronger when the sample is split into its various groupings.

Reported illness is also positively correlated with schooling, but again,
the statistical significance is weak. As noted in other studies, the impact of
education on reported illness can be ambiguous since it may be associated
with different perspectives and norms regarding the definition of being “ill.”

Unlike education and age, residence appears to have a strong impact
on health. People in the Central and Pacific regions report illness more fre-
quently than those in the Atlantic region. This is true for the Pacific region
in all the subsamples, and is less consistent for the Central region across
subsamples. This is somewhat counterintuitive because, as described previ-
ously, the Pacific and Central regions disproportionately benefit from the
availability of health services and are economically more prosperous.

Housing conditions, indicated by whether or not the house has a dirt
floor or adequate sanitation, show the expected signs as risk factors that
would increase the probability of being ill. However, only in the case of
dirt floors in the subsample of women is there a statistically significant
effect.

With respect to the health policy variables, estimates that included the
supply of doctors generally showed an inverse relationship—the more doc-
tors, the more illness. Consequently the variable was excluded in the results
presented here, as discussed earlier, since its interpretation is ambiguous.
Nevertheless the other health service variable demonstrated a positive and
significant effect. The number of nursing assistants is associated with better
health status. The effect is strongest for women and in rural areas. This sug-
gests that the work of nursing assistants may effectively improve the health
of their charges since the main kinds of care they provide—preventive ser-
vices and maternal and infant care—are more oriented toward women. It
also suggests that nurses may be especially effective in rural areas, where
they are often the only health professionals available; whereas in urban ar-
eas, their presence may be closely associated with, indeed an indication of,
high concentrations of impoverished and underserved populations.
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Table 7.9 Probit Estimates for Being Ill by Gender and Area

Health determinants Total Women Men Urban Rural
Experience 0.005 -0.002 0.010 -0.001 0.008
0.750 -0.150 1.050 -0.070 0.950
Experience? 0.000 0.000 0.000 0.000 0.000
0.930 1.130 0.260 1.290 0.160
Schooling 0.001 —0.005 0.007 0.017 -0.004
0.200 -0.470 0.760 1.310 -0.530
Pacific region 0224 0.281 0.193 0.139 0.268
2.770 1.960 1.940 1.080 2.520
Central region 0.151 0.298 0.076 0.073 0.184
1.810 2.000 0.750 0.590 1.610
Floor -0.072 -0.144 -0.027 0.005 -0.120
-1.360 -1.690 -0.390 0.060 -1.800
Sanitation -0.058 -0.154 -0.039 -0.122 -0.049
-0.800 -1.060 -0.460 -1.450 -0.280
Electricity bill -0.001 -0.001 -0.001 0.000 ~0.001
-1.860 -1.200 -1.510 -0.030 -2.100
Inhab. per nurse {1,000s) 0.022 0.036 0.013 -0.030 0.046
1.790 1.770 0.850 -1.350 3.070
Women per Casa Mujer (1,000s) 0.010 0.013 0.007 0.012 0.008
2.970 2.630 1.700 2.260 1.950
Employee -0.189 -0.258 -0.143 -0.156 -0.209
—4.050 -3.400 -2.380 -2.010 -3.530
Gender -0.167 -0.031 -0.213
-3.680 -0.370 -3.900
Urban -0.168 0.001 -0.265
-2.960 0.010 -3.690
Constant -0.904 -0.865 -1.081 -0.887 -1.034
-6.120 -3.460 -6.100 -3.550 -4.310
Observations 4,451 1,652 2,799 1,446 3,005
Pseudo-R? 0.03 0.04 0.03 0.03 0.04
Chi? 133.31 65.50 67.61 41,62 97.06

Notes: The dependent variabie in all cases is 1 if the individual reported being ill in the previous 29 days,
and Q otherwise; t-statistics are in italics.



PRODUCTIVITY AND HEALTH STATUS IN NICARAGUA 239

The level of community organization, expressed by the number of care
centers for women per municipality, reflects a clear link with improved health
status. The preventive and educational work done by these community cen-
ters of organized women seems to reduce the probability of falling ill. The
impact is statistically significant for all subsamples, but is strongest for women
and in urban areas.

Although the model overall is statistically significant, as demonstrated
by the Chi? and the pseudo-R?, it is not very powerful in predicting the like-
lihood of reported illness. However, it appears to be strong enough to serve
the purpose of demonstrating the impact of nurse assistants and the Casa
Mujer community centers, which will serve as exogenous instruments for
identifying the health variable when it is introduced into the second-stage
earnings function.!?

The Determinants of Wages: Including Health in the Equation

A standard Mincerian wage function was estimated with the data in three
different specifications. First, the wage function is estimated without the
health indicator, as is common in most studies of wages. Second, the health
indicator is included to see whether it is significant and how it affects the
performance of the model and the other included variables. Finally, a third
estimation is done that includes the health indicator corrected for
endogeneity and measurement error through the use of the instrumental
variables as derived from the first-stage regressions.

The earnings equations are quite robust (see Tables 7.10 and 7.11).
The first, fourth, and seventh columns of Table 7.10 and the first and fourth
columns of Table 7.11 show the earnings equations without any health vari-
able. The standard explanatory variables, experience and education, are
strongly significant and have the expected signs. Being self-employed, a
woman, or living in rural areas significantly reduces hourly earnings. On
average, living in the Pacific region is associated with higher earnings than
the Atlantic region, whereas living in the Central region is a disadvantage.

10 More-detailed regressions for different subsamples, and also for the continuous variable
“daysill” can be found in Espinosa and Herndndez (1999). The results are generally less statis-
tically significant, but the overall conclusions remain the same.
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Not only do men earn more on average than women do; they also have
higher returns to experience and education. This may be the consequence
of occupational segregation in Nicaragua, where women are more likely to
be found in unskilled informal commerce (self-employment) than are men.
It is also common for women to interrupt their working life, usually when
they have children. Men, on the other hand, as well as having a higher prob-
ability of continuous years of service, have more opportunities to improve
their proficiencies and become skilled workers or technicians. This level of
technical and professional training is also found among self-employed men.
An additional year of schooling is associated with an 8 percent increase in
earnings. The returns for men are somewhat higher than for women, 9 per-
cent and 7 percent respectively.

The regional variables reflect the wide territorial gaps existing in Nica-
ragua. To reside and work in the Pacific region means 8 percent more in-
come than in the Atlantic region, while residence in the Central region means
almost 24 percent less income than in the Atlantic region. This distribution
coincides with regional patterns of poverty and underemployment.

When disaggregating the sample by rural and urban areas, all the same
variables remain significant (see Table 7.11). Interestingly there is no appar-
ent difference in returns to experience and schooling across rural and urban
areas. The most important differences emerge for women and the self-em-
ployed. In urban areas, women earn less than men and the self-employed
earn less than the employees. However, in rural areas these relationships are
reversed; that is, women earn more than men and the self-employed earn
more than employees.

The next step is to introduce the health indicator, in this case whether
or not the individual reported being ill in the previous 29 days. The results of
these estimations, without any corrections for endogeneity or measurement
error, can be found in the second, fifth, and eighth columns of Table 7.10, and
in the second and fifth columns of Table 7.11. In all of the cases, the coeffi-
cient is negative, indicating that reported illness is negatively associated with
hourly earnings—even after controlling for the other factors. But the coeffi-
cient is never statistically significant, even though it comes close to being sig-
nificant at the 10 percent level for the sample of men. The coefficient is
statistically significant for subsamples of urban women and rural men (not
shown, but reported in Espinosa and Herndndez, 1999). The continuous vari-
able of days ill had similar findings in terms of magnitudes and significance.
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Table 7.11 Wage Equation with Health Variables by Area

Variable Urban Rural
Constant 0.07 0.09 0.16 0.44 0.44 0.56
0.47 0.58 0.82 4.79 4.81 4.49
Experience 0.04 0.03 0.03 0.03 0.03 0.03
411 4.10 4.00 5.82 5.82 5.59
Experience? -0.00 -0.00 -0.00 -0.00 -0.00 -0.00
-3.55 -3.49 -2.81 -3.54 ~3.54 -3.00
Years of school 0.08 0.08 0.09 0.08 0.08 0.08
710.50 10.54 10.51 20.98 20.96 18.70
Pacific region 0.03 0.03 0.05 [SR N 0.1 0.17
0.31 0.36 0.53 2.13 2.16 2.57
Central region -0.40 -0.40 -0.39 -0.12 -0.12 -0.07
-5.24 -5.23 -4.88 -2.05 -2.02 -0.99
Employee 0.08 0.08 0.06 -0.37 -0.37 -0.41
1.69 1.61 0.96 -10.96 -10.97 -8.54
Female -0.11 -0.11 -0.12 0.25 0.25 0.21
-2.04 -2.07 -2.15 8.40 834 5.10
il -0.08 -0.02
-1.45 -0.54
Il Instrumented) -0.47 -0.76
-0.65 -1.56
Observations 1,446 1,446 1,446 3,005 3,005 3,005
R? 0.15 0.15 0.13 0.19 0.19 0.09

Note: T-statistics are in italics.

The third step is to introduce the corrected health indicator into the
model. Columns three, six, and nine in Table 7.10 and columns three and
six in Table 7.11 report these results. For the most part, as seen in previous
chapters, both the magnitude of and the statistical significance of the coef-
ficient for the health indicator increase when the instrumental variable
method is applied. This is not the case for the samples of men only or of the
urban area only. In the rest, however, the precision and magnitude improve.
These findings also appear when the days-ill indicator is used {see Table

7.12).
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Table 7.12 Summary of the Impact of Health Status on Earnings

Variable Wage function with OLS ___Wage function with 25LS
All Women Men All Women Men

Coefficient -0.044 -0.015 -0.067 -0.873 -0.512 ~0.508
t-statistic -1.38 -0.30 -1.60 -1.61 -1.02 0.53

R? 0.271 0.188 0.325 0.162 0.137 0.299
Coefficient -0.004 -0.004 -0.005 -0.075 -0.086 -0.500
t-statistic -1.28 -0.96 ~1.10 -1.61 -1.66 0.045
R? 0.271 0.189 0.338 0.194 0.040 0.306

Source: Table 7.10.

The most marked decline in income is measured for the entire sample.
Due to the log-linear specification of the equation, the coefficient of —0.87 is
equivalent to a 58 percent difference in hourly earnings. That is, having the
health status associated with reporting illness in the survey is associated with
a 58 percent reduction in hourly earnings for the entire sample. This is sta-
tistically significant at the 10 percent level, but the confidence interval is
fairly large, so the precise value should be treated cautiously. The poor fit of
the health regressions, and the rather imprecise estimates of the health im-
pact, may indicate that health has an uncertain relationship with income,
that the self-reported health indicators are weak measures of health status,
or that the design problems in the survey generated too much “noise.” Nev-
ertheless, bearing in mind these qualifications, these findings do suggest that
there may be very significant effects of health status on productivity as mea-
sured by hourly earnings.

The Potential Impact of Public Health Policies''

Based on the estimates of the determinants of health status in Nicaragua, a
few factors were identified as having significant impact. These factors were

" This section summarizes results that are reported in much greater detail in Espinosa and
Hernidndez (1999).
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whether or not the family’s dwelling had a floor or sanitation, the presence
of nurse assistants, and the presence of a Casa Mujer unit.

Using the regression results, it is possible to do a thought experiment.
How would health status improve if everyone had sanitation or the number
of nurse assistants increased? Furthermore, what impact would the result-
ing changes in health status have upon hourly earnings?

Simulating the results of such policies on the sample shows that im-
proving housing characteristics so that no one has dirt floors and everyone
has sanitation could improve health status by the equivalent of a 5 percent
reduction in days ill. The effect would apparently be greater for women (12
percent) than for men (3 percent). The subsequent effect on wages is rather
small, less than a 1 percent increase in hourly earnings; but for women, the
estimates would predict a 2.6 percent improvement in hourly earnings.

Following the same approach, an increase of 25 percent in the number
of nurse assistants would be associated with a 2 percent reduction of days ill.
This is roughly comparable for men and women at the mean. The associ-
ated wage improvement would be only 0.3 percent for the sample as a whole,
and almost 0.6 percent for women. Similarly, a 25 percent increase in the
number of Casa Mujer units would reduce days ill by about 3 percent, with
a small impact (0.4 percent) on average hourly earnings.

Conclusions

The analysis of Nicaraguan data suggests that health status is significantly
affected by housing conditions and the presence of particular health ser-
vices (nurse assistants) and community services (Casa Mujer). Furthermore,
better health status—as measured by self-reported illness—is associated with
higher hourly income, on average. If the point estimates are valid, then an
individual with the health status associated with reporting an illness in the
last 30 days will have wages that are 58 percent lower, on average, than an
individual with the health status associated with reporting no illness. We
believe that the quality of the data is the main reason that the estimates are
not more precise or significant. Future research could seek to evaluate these
findings with other, and hopefully better, surveys.'?

12 Another Living Standard Survey was conducted in 1996. At the time this study was under-
taken, the 1996 survey was not yet available.
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The use of the 1993 Living Standards Survey also limited the number
of variables that could be explored. It would have been useful to have a richer
base of information on such things as nutrition, behavior (e.g., smoking),
use of health services, and the quality of services available in the community.
As a result, the policy analysis is necessarily restricted, and only limited in-
ferences can be taken from the findings that are reported here.

Nevertheless, the findings do concur with the other studies in this book
in providing evidence that health affects earnings. If the point estimates here
hold up to further scrutiny, it may also suggest that there are declining mar-
ginal returns to health since the effects estimated here are much larger than
in the other, higher-income countries. The results are also promising for fu-
ture evaluations of public health policy. The presence of nurse assistants and
the Casa Mujer program are strongly correlated with improved health status
in ways that are consistent with the content of the services that they provide
(i.e., having stronger effects for women and in rural areas). Clearly, better
data and controls are needed to verify these results, but the findings are ro-
bust and suggest that some distinctions can be made between public services
that have demonstrated effects and those that do not.
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