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PROLOGUE

The Pan American Health Organization (PAHO) as a whole, and myself in particu-
lar, have been concerned with the relationship between health and the economy for
guite some time. When we first shared this concern with Enrique Iglesias, President,
and Nancy Birdsall, then-Executive Vice-President of the Inter-American Develop-
ment Bank (IDB), both concurred with us on the necessity to further analyze the
different dimensions involved in this relationship. We then decided to implement
two coordinated research projects: the first, sponsored by PAHO, dealt with the
impact of health on economic growth; the second, promoted by IDB, focused on the
impact of health on household productivity.

Encouraging reactions also emerged when we discussed this issue with the Eco-
nomic Commission of Latin America and the Caribbean (ECLAC), the World Bank,
and the United Nations Development Program (UNDP). As a result, a third research
project—on investment in health, equity, and poverty reduction—was then launched
as a joint initiative between PAHO, the World Bank and UNDP. This book summa-
rizes the results of all three research projects.

In reiterating our gratitude to these organizations for their support, | hope that
we will continue to work together and support the efforts of our member states
towards bringing better health to their populations and, thus, contributing to their
human development.

The researchers from Latin America and the Caribbean who carried out the
studies reported here include economists interested in health issues, as well as health
specialists interested in the broader consequences of good health. | thank them for
their cooperation, and hope to continue to have them as our allies in the search for
the explanations of the relationship between health and human development.

The results of these studies reaffirm what some of us in the health field have
always believed to be true but could not always verify: the positive, still unquantified
contribution of health to different dimensions of human development. They show
that good health allows nations to accelerate their economic performance, and con-
versely that disease is an obstacle to development. They also show that household
productivity benefits from health improvements and demonstrate how the reduc-
tion of health inequalities can contribute to poverty alleviation.

These findings open new possibilities for further exploring the role of health in
human development, as well as opportunities for a better policy dialogue between
health and development authorities. This dialogue will, | hope, benefit the people of
the Americas.

George A. O. Alleyne
Director of the Pan American Sanitary Bureau



INTRODUCTION

This publication brings together the final reports from three research projects that
explored how investments in health affected economic growth, household produc-
tivity, and poverty alleviation in Latin America and the Caribbean. The projects were
carried out in 1998 and 1999, and came about through the coordinated efforts of the
Pan American Health Organization (PAHO), the Inter-American Development Bank
(IDB), the United Nations Development Program (UNDP), the United Nations Eco-
nomic Commission for Latin America and the Caribbean (ECLAC), and the World
Bank.

The first project was designed to explore the extent to which improvementsin a
population’s health can help grow the national economy. PAHO’s Research Grants
Program called for research proposals on the topic based on terms of reference pre-
pared by Harvard University Professor Robert Barro. Subsequently, a specially con-
vened committee integrated by Dr. Barbara Stalling, ECLAC’s Director of the Eco-
nomic Development Division; Professor Maximo Vega Centeno, President, of the
Latin American Econometric Society; and Professor José Luis Estrada, Autonomous
University of Mexico, worked with PAHO to review the seventeen research propos-
als submitted by economic and health research centers from throughout the Region
in response to this call. The selected proposal was submitted by a group constituted
by two Mexican institutions—Centro de Investigacién y Docencia Econémicas (CIDE)
and Fundacion Mexicana para la Salud (FUNSALUD)—and one organization from
Colombia—Fundacion para la Educacién Superior y el Desarrollo (FEDESA-
RROLLO). The second project examined the effect of health improvements on house-
hold productivity. Sponsored by IDB, the project was based on terms of reference
prepared by Professor T. Paul Schultz of Yale University and was carried out through
IDB’s Network of Research Centers. It involved six studies conducted in Colombia,
Mexico, Nicaragua, and Peru.! The third project—“Investment in Health, Equity and
Poverty” (IHEP/EquiLAC)—addressed issues of equity and poverty alleviation and
was inspired on a similar study sponsored by the Organization for Economic Coop-
eration and Development (OECD) in the early 1990s.2 Sponsored by PAHO, UNDP,
and the World Bank the project conducted country studies in Brazil, Ecuador, Gua-
temala, Jamaica, Mexico, and Peru that were coordinated by José Vicente Zevallos
from UNDP, Rubén Suarez from the World Bank, and Edward Greene from PAHO.
In October 1999, experts in economics, social development, and health, as well as
representatives from international and cooperation organizations, met at PAHO head-
guarters in Washington, D.C., to review the impact of investments in health on eco-
nomic growth, household productivity, and poverty reduction. Reports from the

1 A book with the all the reports from this project has been published by IDB: Savedoff W,
Schultz T P. eds. Wealth from Health: Linking Social Investments to Earnings in Latin America., Wash-
ington: 1DB; 2000.

2Van Doorslaer, E., Wagstaff, A., and Rutten, F., eds., Equity in the Finance and Delivery of Health
Care: An International Perspective”, Oxford Univwersity Press, NY, 1993.

vii



viii INTRODUCTION

three above-mentioned projects and their respective policy implications were pre-
sented and discussed at that time.

This book’s structure mirrors the agenda for the October 1999 meeting. Part |
presents the final report of the study “Investment in Health and Economic Growth,”
authored by the researchers who carried out the work. Part 1l includes the Colom-
bia, Mexico, and Peru studies from the “Productivity of Household Investment in
Health” project. And Part Ill presents the ten country case reports from the IHEP/
EquiLAC project, plus a review paper, two works on methodological issues, and a
review of experiences from other regions in the world regarding health inequalities
and poverty alleviation. Finally, the book’s annex includes the inaugural speech given
by Dr. George A. O. Alleyne, Director of the Pan American Sanitary Bureau, at the
opening of the October 1999 meeting; the meeting’s agenda and list of participants;
and a summary of discussions.

PAHO would like to acknowledge the efforts of the various groups and indi-
viduals that contributed to make this venture a success. We are especially grateful to
our colleagues at IDB, ECLAC, UNDP, and the World Bank for working so closely
with us to develop and review the studies published here. We also wish to com-
mend the researchers’ efforts to complete their reports under conditions that made a
sometimes difficult task even more arduous. Third, we want to thank the partici-
pants at the October 1999 meeting, particularly for their reccommendations regard-
ing the future steps to be taken in this area. Finally, we want to acknowledge the
work of the Organization’s Public Policy and Health Program, Research Coordina-
tion Program, Publications Program, and Public Policy and Health Program for help-
ing make this book a reality.
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HealtH, GROWTH, AND INCOME DISTRIBUTION IN LATIN AMERICA AND THE
CARIBBEAN: A STUDY OF DETERMINANTS AND REGIONAL AND LocAL BEHAVIOR!

David Mayer,> Humberto Mora,* Rodolfo Cermeno,* Ana Beatriz Barona,” and Suzanne Duryeau®

INTRODUCTION

In recent years, Latin American and Caribbean countries
have undergone an economic rationalization process in
an attempt to achieve high levels of sustainable growth.
Under these circumstances, important long-term policy
decisions have arisen in the area of health investment.
Although much attention is given to the problems of
health-sector restructuring and efficiency, it is essential
to determine how health affects economic growth, income
distribution dynamics, and education. It also is necessary
to determine the best health indicators and to identify
possible policy proposals. We raise the following gen-
eral questions:

¢ What is the importance of health in economic growth
as an input for production?

* What is the importance of the distribution of health
in terms of the distribution of income and economic
growth?

! Research report submitted by CIDE-FEDESARROLLO-
FUNSALUD to the Pan American Health Organization. This project
was the winner of the 1997 Regional Research Competition Invest-
ment in Health and Economic Development. The authors thank the fol-
lowing persons for their work in gathering health information on
Mexico, Brazil, and Colombia, respectively: Rafael Lozano,
Fundacién Mexicana para la Salud (FUNSALUD, or Mexican Foun-
dation for Health) and World Health Organization (WHO), Depart-
ment of Epidemiology and Burden of Disease, Office 3070, CH-1211
Geneva 27, Switzerland; phone: (+41-22) 791-3623; fax: (+41-22) 791-
4194, 791-4328; email: lozanor@who.ch. Maria Helena Prado de Mello
Jorge, Professor at the University of Sao Paulo, School of Public
Health, Department of Epidemiology, Avenida Dr. Arnaldo, 715,
BRA-01246-904 Sao Paulo, SP, Brazil; phone: (+55-11) 282-3886; fax:
(+55-11) 282-2920; email: mphjorge@usp.br. Henry Mauricio Gallardo,
Specialist in Health Administration and Head of the Health Area,
Corona Foundation, Calle 100 No. 8A-55, 9th floor, Tower C, Bogota,
Colombia; phone: (+57-1) 610-5555; fax: (+57-1) 610-7620; email:
hgallard@corona.com.co.

“Researcher at the Centro de Investigacion y Docencia Econdmicas,
A.C. (CIDE, or Center for Research and Economic Studies), Eco-
nomics Department, Carretera México-Toluca (Km. 16.5), No. 3655,

¢ To what extent is health involved in the formation of
educational capital resources in the different sectors
of the population?

* What is the causal relationship between economic
growth and health?

¢ What is the importance of the quality of health indi-
cators in measuring the effects indicated above?

To answer these questions, we use several analytical
frameworks developed in the field of economics. Our
research ranges from studying the most aggregate rela-
tionships between socioeconomic and demographic vari-
ables at the country level to more disaggregated ap-
proaches to these relationships for specific population
groups in a given country. We analyze the relationship
between health and economic development as well as
income distribution and the demographic transition in
five studies with complementary analytical contexts.”

The quality of the data is fundamental to these studies.
In particular, the health indicators were prepared specifi-

Apartado Postal 10-883, Colonia Lomas de Santa Fé, Delegacién
Alvaro Obregén, MEX-01210 Mexico City, Mexico; phone: (+52-5)
727-9800; fax: (+52-5) 727-9878; email: mayerfou@disl.cide.mx.

3Associate Researcher at FEDESARROLLO, Calle 78 No. 9-91,
Santafé de Bogota, Colombia; phone: (+57-1) 312-5300 or 530-3717,
Ext. 310; fax: (+57-1) 212-6073; email: hmora@fedesarrollo.org.co.

“Researcher at the Centro de Investigacion y Docencia Econémicas,
A.C. (CIDE, or Center for Research and Economic Sciences), Eco-
nomics Department, Carretera México-Toluca (Km. 16.5), No. 3655,
Apartado Postal 10-883, Colonia Lomas de Santa Fé, Delegacion
Alvaro Obregén, MEX-01210 Mexico City, Mexico; phone: (+52-5)
727-9800; fax: (+52-5) 727-9878; email: rcermeno@ dis1.cide.mx.

5Assistant Researcher at FEDESARROLLO, Calle 78 No. 9-91,
Santafé de Bogotd, Colombia; phone (+57-1) 312-5300.

*Economist at the Inter-American Development Bank (IDB), 1300
New York Avenue, N.-W., Stop W-0436, Office SW-404, Washing-
ton, D.C. 20577, USA; phone: (+202) 623-3589; fax: (+202) 623-2481;
email: suzanned@psc.lsa.umich.edu.

7The full text of each of the studies summarized in this document
is available from the Pan American Health Organization, Public
Policy and Health Program, 525 Twenty-third Street, N.W., Wash-
ington, D.C. 20037, or visit http:/ /www.paho.org.
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cally for this project and are very high quality. We also
assembled the detailed information required for the more
disaggregate analysis of specific aspects of the relation-
ship between economic growth and health. We constructed
four databases of economic and health indicators—one by
country for Latin America and the Caribbean and three
by states (or department) for Mexico, Brazil, and Colom-
bia.® In the case of Brazil, the economic database is orga-
nized by income deciles.

In the first study, the econometric framework uses func-
tional specifications of the economic growth equations,
such as those used by Barro (1996) and others,’ which in-
corporate few constraints derived from economic theory.
These functional specifications include health among an
extensive list of other socioeconomic, demographic, and
institutional variables that, in theory, may be associated
with economic growth. We apply the methodology of
Levine and Renelt (1992) to test for the robustness of these
results. The second section of this paper contains the re-
sults of this analysis for the four databases.

In the second study (third section), the relationship be-
tween economic growth and human capital is evaluated
in an analytical framework including far more restrictive
constraints in the functional specification, which corre-
spond to the augmented Solow model as developed by
Mankiw et al. (1992) and applied by Islam (1995). In our
specification, human capital is determined not only by
education, as in the model used by these authors, but also
by health. This analysis is applied to the four databases.

In the third study (fourth section) we analyze the long-
term relationship between health and income for the case
of Mexico, taking advantage of the length of the time pe-
riod covered by the database. The analytical framework is
similar to the one used by Barro (1996). However, it focuses
on the causal relationship between health and income, us-
ing Granger’s causality methodology to analyze the deter-
minants of income growth and health improvement.

In the fourth study (fifth section), we study the role of
health in the economic and demographic dynamics of
Brazil. In this case, we take into account the different in-
come levels, exploiting this aspect of the information con-
tained in the Brazilian database. In particular, we exam-
ine the simultaneous relationship between economic
growth, health, education, participation in the workforce,
and fertility for the different income groups in Brazil.

8 The information on health was prepared by Rafael Lozano,
Fundacién Mexicana para la Salud (FUNSALUD); Suzanne
Duryeau, Inter-American Development Bank (IDB); Maria Helena
Prado de Mello Jorge, Department of Epidemiology, University of
Sao Paulo, Brazil; and Henry Mauricio Gallardo, Corona Founda-
tion, Colombia.

° For an extensive list of works on economic growth that analyze
the effect of different variables of interest, see, for example, Levine
and Renelt (1992).

In the fifth study (sixth section), which is similar to the
study carried out for Mexico, we analyze the long-term
effects of health on income growth for Latin America. This
study also shares characteristics with the Brazilian study
in terms of the health indicators used. The consistency of
the results with those of the other two studies strengthens
the hypothesis that the phenomena observed in Mexico
and Brazil also occur for other Latin American countries.

Conclusions and policy recommendations are found
in the last section.

HeALtH IN THE EcONOMIC GROWTH OF
LATIN AMERICA

This component of the study conducts an empirical analy-
sis of the impact of health capital on economic growth in
the countries of Latin America and the Caribbean. Our
point of departure is a verification of Barro’s results (1996)
for the worldwide sample of countries. We use three
methodological approaches to address our objectives.

The first seeks to identify the existing correlation be-
tween alternative measures of health and economic
growth, for which we empirically evaluate statistical
models for growth similar to those formulated by Barro
(1996). The measures of health used correspond to those
available for a broad sample of Latin American countries.
This is done to compare the results from Barro’s global
sample of countries (1996) with those obtained for Latin
America.

To supplement the above information, the second ap-
proach seeks to analyze extreme limits of the type ap-
plied by Levine and Renelt (1992), in order to assess by
econometric methods the strength of the results obtained
from the Barro-type specifications. Specifically, the
strength of the correlation between the variables of health
capital and economic growth was analyzed.

Third, an effort was made to include in the analyses
health measurements that are much more precise than
those available for a broad sample of countries. These
more precise measurements correspond to mortality by
cause and/or years of life lost due to premature death
(YLPD). To this end, the analysis described was carried
out at two geographic levels. This was done first for a
group of Latin American countries, in order to observe
the performance of the Region in general and the impact
of health capital on the economic performance of these
countries in particular, using the available health indica-
tors. Traditionally, intercountry analyses have used the
variables of life expectancy at birth and infant mortality
as health measures; these variables represent a highly
aggregate measure. The second geographic level corre-
sponds to a significantly more limited subset of coun-
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tries in the Region—specifically, Brazil, Colombia, and
Mexico—where the most precise health indicators are
available. In these cases, the analysis is performed by
departments or states within each country.

Correlation between Economic Growth and Health

Health is a very important element in the formation of
human capital. As Barro stated (1996), it is to be expected
that its effect on economic growth is produced by the
direct impact on human capital stock and a reduction in
the rate of depreciation.

This section, using functional specifications similar to
those of Barro (1996), summarizes the principal results
obtained from evaluation of this relationship at the dif-
ferent geographic levels mentioned above.

When the geographic area changes, the available data
change as well, particularly the data on health. Thus, it is
not always possible to compare the effect of a single mea-
surement of health on growth among different geo-
graphic areas. In addition, there are variables for which
information cannot be obtained by department or state
for a particular country.

Table 1 shows the main results of estimating growth
models by three-stage least-squares analysis. As a point of
departure in this research, an attempt was made to repro-
duce the results of Barro (1996), as recorded in the first
column of Table 1. That study, using a sample of 138 coun-
tries worldwide, found that economic growth calculated
for three periods (1965-1975, 1975-1985, and 1985-1990)
correlates positively with schooling for males, the terms
of trade, and variables that measure the level of democ-
racy and the rule of law in countries. Moreover, health
capital, represented by the variable of life expectancy at
birth, shows a positive correlation with economic growth.

The second column shows the results of reestimating
that model. Although Barro’s results (1996) are not ex-
actly reproducible, with the data used most of the vari-
ables included by Barro are indeed significant. However,
there may be room to improve the quality of the sample
and thus eliminate possible problems of bias in the esti-
mations. Specifically, the rate of inflation did not turn
out to be significant and the significance of the other vari-
ables proved to be less than in Barro’s model.

The third column shows the results of estimating Barro’s
model for the sample of countries in Latin America and
the Caribbean. Several of the correlations found in the
sample of countries worldwide persist. Nonetheless, there
are several variables, such as schooling, that traditionally
have been identified as being closely linked to growth but
that do not turn out to be significant. The indexes of de-
mocracy and inflation are also insignificant.

In addition, the fourth column shows the result of con-
sidering male life expectancy, with a lag of 15 years, for
the Latin American and Caribbean countries. That vari-
able is highly correlated with growth. The study sought
to establish the lagged effect of health on growth over
time. Unfortunately, information was not available for
previous periods that would allow us to study this rela-
tionship to obtain more precise measurements of health.
The sample of Latin American and Caribbean countries
is the only sample in which that analysis could be car-
ried out, although highly aggregate health indicators were
used, as shown in the corresponding column of Table 1.
These results are consistent with those on causality shown
in the chapter on the reciprocal impact of health and
growth in Mexico.

As mentioned previously, the most precise indicators
of health are those available for the departments or states
of a subgroup of Latin American countries (Brazil, Co-
lombia, and Mexico). Unfortunately, the price of hav-
ing greater precision in measuring health is not having
information about other variables identified as being as-
sociated with growth at the country level. This is the
main reason why several of the variables included in
the growth equation for the sample of countries world-
wide, or for Latin America and the Caribbean, are not
included in the results in columns five through seven
of Table 1.

In the case of Brazil and Colombia, information could
be obtained on YLPD by cause of death. This variable, as
well as the variable of schooling, is closely linked with
growth. In the case of Mexico, information on mortality
could be obtained only by cause; this is also highly corre-
lated with growth, as shown in the last column of Table
1. The extended report shows the correlation between
economic growth and other health variables by age
groups and causes of death or causes of YLPD.

The above results indicate that, regardless of the sample
of countries used, health and education are variables
closely linked with the growth of national or local econo-
mies, at least in the functional specifications of Barro-type
models. Policies aimed at achieving greater economic
growth must necessarily affect the channels that influ-
ence the formation of greater human capital through
health and education.

Analysis of Extremes

The analyses of extreme limits developed by Levine and
Renelt (1992) evaluate the validity of the empirical re-
sults obtained from a given specification of the growth
equation when the conditional set of data in that equa-
tion is modified.
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TABLE 1. Contribution to economic growth, using growth of per capita gross domestic product (GDP) as a dependent
variable and a three-stage least-squares analysis as a method of estimation.

Coefficients (t statistics)

Barro Region 4 Region 5 Region 13 Region 2 Region 4 Region 8
Latin America  Latin America
and the and the
Explanatory variable World World Caribbean Caribbean Brazil Colombia Mexico
Log (GDP) -0.0254 -0.032 -0.0396 -0.0434 -0.043 -0.032 -0.076
(-8.193) (-7.778) (-6.089) (-6.08) (-7.09) (-4.62) (~7.85)
Male (secondary schooling and 0.0118 0.0080 0.049 0.020
higher) (4.720) (2.747) (4.99) (5.89)
Log (life expectancy at birth) 0.0423 0.060 0.0554
(3.087) (3.285) (2.655)
Log (GDP) male schooling -0.0062 —0.0033 -0.0236 -0.0384
(-3.647) (-1.702) (-2.344) (-3.44)
Log (fertility rate) -0.0161 -0.0130
(-3.037) (-1.786)
Government consumption ratio -0.136 -0.1657 -0.0817
(-5.230) (-5.734) (-1.766)
Rule-of-law index 0.0293 0.038 0.0459 0.04169
(5.425) (5.520) (4.733) (4.67)
Terms-of-trade change 0.137 0.2182 0.2415 0.1291
(4.566) (4.062) (4.480) (2.26)
Democracy index 0.090 0.0487
(3.333) (1.702)
Democracy index squared -0.088 -0.047
(-3.666) (-1.872)
Inflation rate -0.043 -0.0427
(-5.375) (-1.220)
Life expectancy 15-year lag 0.0606
(males) (3.40)
Percentage of population with 0.028
sewerage connection (2.113)
YLPD -0.365
(male population) (-2.65)
YLPD -0.289
(total) (-3.44)
Mortality from communicable -0.0123
disease (males) (-5.43)
Participation of tertiary sector 0.042
(5.61)
Adjusted R? (Period 1, 1965-1975) 0.58 0.3795 0.1138 0.2418
Adjusted R? (Period 2, 1975-1985) 0.52 0.3883 0.3793 0.3110
Adjusted R? (Period 3, 1985-1990) 0.42 0.1562 0.2793 0.0934

Levine and Renelt applied this analysis to evaluate the
soundness of a large number of results obtained in vari-
ous studies on the significance of the correlation between
economic growth and different groups of explanatory
variables. Many of those results showed a very close cor-
relation between economic growth and a subgroup of
explanatory variables selected in each study. However,
when all the remaining variables that were predeter-
mined in the equation were modified, the apparent
soundness of the results broke down.

To carry out the analysis, Levine and Renelt begin by
identifying a set of variables that are always or almost
always included as explanatory variables in the different

analyses and that generally show high statistical signifi-
cance in the analyses. In Equation 1 these variables are
included in Matrix I and they correspond to the initial
level of per capita gross domestic product (GDP), to the
rate of schooling, to the average annual level of popula-
tion growth,'’ and to the intercept

0L evine and Renelt also consider the share of investment in GDP,
a potential variable to be included in Matrix I. However, as explained
by these authors, this variable is not included in the regressions
primarily because of the ambiguity of the relationship: investment
as a determinant of economic growth or economic growth as a de-
terminant of investment. If investment is included, the only mecha-
nism by which other variables affect growth is more efficient re-
source allocation.
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Y =IB, + B M+ ZB, +u ¢9)

The other variables that enter Equation 1 are the M
variable, whose soundness is being tested, and the Z vari-
ables, corresponding to the remaining explanatory vari-
ables included in the economic growth regression. Levine
and Renelt include three type Z variables in each regres-
sion, taken from all the possible combinations of three
variables. Thus, the total number of variables in each re-
gression is seven.

This methodology was applied to confirm the sound-
ness of each of the explanatory variables that proved to
be significant in the analyses for the global sample of
countries (for Latin America and the Caribbean and for
Brazil, Colombia, and Mexico; see Table 1). Table 2 sum-
marizes the results of the analysis of extremes.

Once the results were obtained for all the regressions
for each M variable, the specification with the highest
coefficient for the variable M was identified, with its re-
spective t statistic. Table 2 records the t statistic for that
specification that yielded the highest coefficient value and
is denoted as the upper limit. Similarly, Table 2 records
the t statistic for the specification that yielded the lowest
coefficient, and it is denoted as the lower limit. Finally,
for each M variable, the t statistic is reported in the case
of the base regression. The base regression includes only
the M variable and the | variables, as indicated above,
and no Z variable.

It is said that a variable is solid in the growth equation
if its statistical significance is high at the upper and lower
limits as well as in the base regression and also if the sign
of its coefficient does not change.

TABLE 2. Analysis of extreme limits (three-stage least-squares analysis).

t statistics
Latin
Variables Limit World America Brazil Colombia Mexico
Democracy index High 5.8671
Base 2.5028
Low 4.2793
Democracy index squared High 5.9793
Base 2.8543
Low 2.8001
Government consumption High -0.7619 1.1543
Base —4.6745 -1.1374
Low -3.2659 -3.7064
Inflation rate High 4.5826
Base 3.8661
Low 2.1432
Fertility rate High 0.6791
Base -1.2572
Low -2.8967
Life expectancy at birth High 1.9275 1.3590
Base 2.4184 -1.7554
Low -0.2495 -0.2826
Rule of law High 5.7535 3.5913
Base 1.7828 3.8391
Low 2.3475 1.4312
Terms of trade High 3.4482 3.7037
Base 3.5080 3.0044
Low -0.3299 1.0989
Exports/GDP High 1.3201 0.6360 0.1017
Base 0.8349 —2.0063 -0.0366
Low -0.8731 -2.3757 -0.1440
Mortality (working-age High 0.8733
population) Base -3.5828
Low -1.5684
Initial GDP? High -0.3264
Base -1.7570
Low -2.1139
YLPD per capita (total High -84.7880 4.8124
population aged 15-69) Base -125.4382 -18.7039
Low -186.3458 -9.5464

(Continued)
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TABLE 2. Continued.

t statistics
Latin
Variables Limit World America Brazil Colombia Mexico
YLPD per capita (total High -6.8175 39.3687
population aged 0-4) Base -8.0448 -14.1027
Low -8.5256 -8.3922
YLPD per capita (males) High -35.3517 32.3526
Base -48.1392 —40.0092
Low -50.0437 -21.4957
YLPD per capita (total) High -38.5673 43.6136
Base -51.1588 -23.8608
Low -51.4556 -14.9298
Log (mortality from High -0.9008 0.3772 0.8041
noncommunicable diseases) Base -1.0364 -0.3792 -0.8693
(x10%) Low -1.2954 -0.1933 -0.9608
Log (mortality from High -1.0681 0.9303 -1.0886
communicable diseases) Base -1.3454 -2.7687 -1.6044
(x10%) Low -1.6802 -2.9900 -1.4322
Log (mortality from injuries) High -0.7144 0.4246 0.1532
Base -0.8606 -1.1276 -1.5007
Low -1.0762 -1.1694 -2.6513
YLPD between the ages of 0 High 4.8124
and 15 (males) Base -18.7039
Low -9.5464
YLPD between the ages of 0 High 20.6086
and 4 (males) Base -6.6622
Low -3.4322
YLPD between the ages of 15 High 135.0077
and 69 (males) Base -367.8901
Low -244.1799
YLPD (females) High 57.4533
Base -5.4407
Low -8.3278
Log (mortality from High 2.0075 -0.9047
noncommunicable diseases) Base -1.3149 -0.9718
(males) Low -1.8058 -1.0414
Log (mortality from High 2.5587 -1.0999
noncommunicable diseases) Base -1.8752 -1.1677
(females) Low -1.9934 -1.2564
Log (mortality from High 1.9225 -0.9726
communicable diseases) Base -1.3565 -1.3259
(males) Low -1.2269 -1.0607
Log (mortality from High 1.9442
communicable diseases) Base -1.4287
(females) Low -1.0681
Log (mortality from injuries) High 4.3987 -0.7545
(males) Base -1.2479 -0.9553
Low -1.3237 -0.9719
Log (mortality from injuries) High 2.4126 -1.2167
(females) Base -0.7455 -1.8477
Low -0.4179 -1.5486
Annual average number of High 2.3372
governors Base -1.5808
Low -2.5003
Number of votes in presidential High -0.4788
elections as percentage of Base -3.6634
registered voters Low -3.7870
Standard deviation of average High 3.2466 1.6355
schooling by standard Base 0.8159 0.7906
deviation of average Low -4.7469 0.1390

per capita GDP
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TABLE 2. Continued.

t statistics
Latin
Variables Limit World America Brazil Colombia Mexico
Gini coefficient at High -0.6550
departmental level Base -8.9784
Low -8.3073
Total public spending per High 0.3822
capita (departmental Base 0.2676
administration) Low -0.0362
Log (life expectancy) High 1.0091
(males) Base -0.2119
Low -1.5721
Log (life expectancy) High 0.1532
(females) Base -1.5007
Low -2.6513
Log (fertility rate with High 1.0823
20-year lag) Base -2.2920
Low -2.5069
Log (fertility rate with High 1.9570
five-year lag) Base 2.1743
Low -0.0762
Log (infant mortality rate with High 1.3067
20-year lag) Base 0.3123
Low -0.6646
Log (infant mortality rate with High 1.4166
five-year lag) Base 1.4615
Low 0.2151
Log (government High -0.4595
spending/GDP ratio) Base -2.3720
Low -2.1061
2 Schooling.

For the worldwide sample, only the democracy index
passes the extreme limits test. The rate of inflation is
highly significant at the upper and lower limits as well
as in the base regression. However, the sign of the coeffi-
cient is contrary to expectations from the standpoint of
economic theory. Life expectancy at birth is highly sig-
nificant at the upper limit and in the base regression, but
it shows the opposite sign and low significance at the
lower limit. Of the variables that are almost always asso-
ciated with growth, only the population growth rate
proved to be solid.

In the sample for Latin America and the Caribbean,
none of the variables is robust from the standpoint of this
methodology.

In the case of Brazil, YLPD for different causes and age
groups are solid, with high statistical significance, as is
initial GDP. This is not true for mortality by cause. Un-
fortunately, the results are less robust than in the other
samples, because, owing to data constraints, the set of
variables included in the regressions is much smaller.

In the case of Colombia, YLPD is highly significant in
the base regression and at the lower limit. However, the
sign of the coefficient changes at the upper limit. This is

why it does not pass the extreme limits test. This also
occurs with mortality by cause and by age group, al-
though in this case the significance is less than for YLPD.
The same situation occurs in the case of the Gini coeffi-
cient of income distribution.

In the case of Mexico, none of the explanatory vari-
ables is solid. Mortality by cause shows some significance.

In summary, the extreme limits test is rarely passed by
any of the specifications in the growth equations and in
the different samples. Variables passed the test in only
two samples: the democracy index in the global country
sample and YLPD in the case of Brazil.

It is not superfluous to point out that similar tests are
rarely applied in other areas of economic research. Their
use in the case of economic growth is justified because of
the broad range of statistical models that obtain correla-
tion results between the growth of countries and the many
variables of interest to particular researchers. In areas
where the functional specification of the equation to be
empirically estimated is clearly derived from economic
theory, application of this type of analysis is rare. Thus,
from the standpoint of expanding knowledge of the cor-
relation between economic growth and formation of hu-
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man capital, it seems more relevant to delve further into
the channels through which health and education of spe-
cific groups in society affect the population’s socio-
demographic dynamics and into the relationships be-
tween these variables and growth. This type of analysis
is performed in other sections of the project. The next
section presents the results of estimating functional speci-
fications derived directly from the economic theory of
growth, with health as one of the determinants of hu-
man capital.

EpbucatioN, HEALTH, AND GROWTH:
PANEL REGRESSIONS FOR LATIN AMERICA, BRrAZIL,
CoLoMmBIA, AND MEXICO

The objective of this work is to empirically evaluate the
correlation between the level of production per person
and education and health considered as components of
human capital. This study was conducted for the Latin
American countries (1960-1990) and the respective states
or departments of Brazil (1980-1995), Colombia (1980-
1990), and Mexico (1970-1995). We used panel informa-
tion in five-year periods.

The analysis is based on a Solow-type growth model
augmented by human capital, as formulated by Mankiw
et al. (1992) and by Islam (1995). However, it should be
pointed out, in reference to the aforementioned works,
that this work considers health as a component of hu-
man capital. Thus, production per person depends on
levels of education and health as well as on classic deter-
minants such as savings rates and population growth
rates.

According to the specified models, the level of produc-
tion per person is expected to bear a positive relation-

ship to the savings rate (investment) and level of educa-
tion and a negative relationship to population growth
rate. In the case of Colombia, the coefficient of the illit-
eracy rate is expected to be negative. With regard to the
variable health, economic growth is expected to be posi-
tively correlated to life expectancy and the probability of
survival in the next five years, and it is expected to be
negatively correlated to mortality. All the estimated re-
gressions include individual effects (to control for fac-
tors specific to each country, state, and department) and
temporal effects (to control for factors common to all the
economies that change over time). Both effects are mod-
eled with fictitious or “dummy” variables.

Four different specifications of the model are consid-
ered in the study, depending on the treatment given to
the dynamics of the product per person and to the Solow
model restriction that the coefficients of the savings rate
and of the sum of the growth rates of population and
technology and depreciation be equal but of opposite sign
(positive and negative, respectively). These specifications
and their estimation are described in detail in the full
report.

It is important to mention that, in the case of Latin
America, information for Brazil and Colombia was avail-
able on health indicators by age and gender groups,
which were included one by one in each regression, giv-
ing a large number of results. For this reason, the study
concentrates on two important aspects: (i) evaluating to
what point the expected relationships hold for the health
indicators independently of the results obtained for the
remaining variables in the model, and (ii) identifying the
most consistent results of the model as a whole.

Table 3 reports the total number of estimated regres-
sions and the number for which health variables gave
significant results at the 1%, 5%, 10%, and 20% levels in

TABLE 3. Number of regressions estimated and significance of the health indicator

coefficients.

Positive effects

Negative effects

1% 5% 10% 20% 1% 5% 10% 20% Total

Latin America

Total LE? 20 31 7 7 0 0 0 0 136

Total PS® 14 10 6 7 0 3 0 5 128

Total Latin America 34 41 13 14 0 3 0 5 264
Brazil

Total LE? 5 6 9 12 0 0 0 0 128

Total PS" 10 1 4 1 8 4 5 5 120

Total Brazil 15 7 13 13 8 4 5 5 248
Colombia

Total LE? 0 14 8 16 2 0 1 8 128

Total PS° 16 4 9 14 0 0 0 1 128

Total Colombia 16 18 17 30 2 0 1 9 256

3LE = life expectancy.
PPS = probability of survival.
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the cases of Latin America, Brazil, and Colombia. It must
be stressed that the statistical significance of the indi-
vidual parameters is evaluated by two-tailed t tests, which
is quite demanding, and applying robust errors to prob-
lems of heteroskedasticity.

The proportion of regressions for which the health in-
dicator coefficients are positive and significant at the 20%
level or better is about one-third of all estimated regres-
sions. Results have also been obtained in which, contrary
to what was expected, the health indicator coefficients
were negative and significant. However, these cases rep-
resent only 5% of the total. It must be noted that the great-
est proportion of positive significant results is obtained
in the case of Latin America.

The case of Mexico differs from the other three in that
health indicators are not available by age groups. For this
reason it is not included in Table 3. The results of models
3 and 4, which explore purely contemporary relationships
between production and its factors, are better than those
for the dynamic models 1 and 2 (see full report). The best
results are obtained in the case of the unrestricted model.
These results are very significant and have the expected
signs when the education indicators are illiteracy, school-
ing, and complete primary education; they are somewhat
less significant when “1 year of university” is used. In

the other cases, the coefficients tend to have the expected
sign and to be at least somewhat significant.

It is important to point out that the cases for which the
expected relationships for the health indicators are most
significant do not necessarily correspond to those cases
for which the results for the remaining variables in the
specified models are consistent. The full report presents
some regressions selected according to their consistency
with the expected results for the cases of Latin America,
Brazil, and Colombia. In Table 4, we present those that
correspond to the less restricted specification of the model
(Model 1).

This specification includes the lagged dependent vari-
able (lagged per capita product) in addition to the vari-
ables savings, population growth, health, and education.
It is important to mention that in the case of Mexico the
states of Campeche and Tabasco are excluded, because
their petroleum production, which is registered as in-
come, distorts the results. Similarly, in the case of Co-
lombia the crime rate by department is included as an
additional control variable.

The results presented in Table 4 show a high goodness
of fit in every case, as measured by the adjusted R%. Ad-
ditionally, the F test supports the joint significance of the
explanatory variables in the reported regressions. How-

TABLE 4. Growth regressions for Latin America, Brazil, Colombia, and Mexico (unrestricted model).

Sample Savings Population No. of
(period) rate growth Health Education Adjusted R? F test objects
Latin America (1960-1990)
(1) 0.157 -0.276 0.747 -0.217 0.992 1,485.8 85
(3.431)° (-3.511)° (2.272)* (-2.340)*
2) 0.219 -0.339 11.487 -0.157 0.993 1,127.8 62
(3.787)° (-3.032)° (3.358)° (-2.263)*
Brazil (1980-1995)
(3) 0.0108 0.168 0.163 0.812 0.995 3,013.8 74
(0.049) (4.071)° (2.883)n (4.214)°
0.098 0.224 62.331 0.649 0.996 2,757.3 73
(4) (0.498) (5.736)° (5.171)° (4.031)°
Colombia (1980-1990)
(5) 0.028 -0.113 0.469 -0.002 0.975 298.7 46
(1.362) (-1.488) (1.830)~ (-1.084)
(6) 0.037 -0.024 6.568 -0.000 0.979 307.2 46
(1.636) (-0.266) (1.196) (-0.023)
Mexico (1970-1995)
(7) 0.005 0.002 0.011 -0.011 0.950 401.0 150
(2.735)° (1.107) (1.759)n (-1.383)
(8) 0.005 0.002 0.006 -0.009 0.950 400.2 150
(2.710)° (1.055) (1.401) (-1.254)
9) 0.006 0.002 -0.014 -0.014 0.950 402.8 150
(2.674)° (1.311) (-1.519) (-1.406)

Note: The dependent variable is the level of production per person. All the regressions are panel regressions and include the lagged dependent variable and
individual dummy and time variables. When the health indicator is the probability of surviving the next five years, the regression also includes the total rate of perinatal
deaths. In the case of Colombia, the regressions also include the crime rate by department. Because of lack of space, the results for these additional variables are not
reported. The health variables are not the same for all the regressions. Regressions (1), (3), and (5) use life expectancy for men at 5, 75, and 5 years of age, respectively.
Regressions (2), (4), and (6) use the probability of surviving the next five years for men at the ages of 5, 5, and 15, respectively. Regressions (7), (8), and (9) use life
expectancy at birth for men and women and the infant mortality rate, respectively. In the case of Brazil, the health indicators are lagged one period. Values in
parentheses are t statistics, estimated with errors robust to problems of heteroskedasticity. °, *, and A, significance levels of 1%, 5%, and 10%, respectively.
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ever, it must be mentioned that these results are consis-
tent with only some of the aspects of the model. In most
cases, the expected signs are obtained for the coefficients
of the explanatory variables, although in the case of Co-
lombia, where there are few observations, acceptable lev-
els of significance are not obtained. Possibly the weak
consistency of the results occurs because, in the case of
Brazil and partially in the case of Mexico and Latin
America, the periods under study are periods of economic
adjustment instead of growth, which weakens the appli-
cation of the Solow model.

The traditional factors (rate of investment in physical capi-
tal and population growth) are related to the level of pro-
duction per person as would be expected a priori. In par-
ticular, production per capita shows a positive correlation
with the rate of investment (savings rate) and a negative
correlation with the population growth rate. In the case of
Brazil, both factors show a positive correlation, although
the investment rate is not statistically significant. In the case
of Mexico, the population growth rate has a positive but
insignificant correlation with per capita production.

Education, here considered as a component of human
capital, relates negatively to the level of production per
person in the case of Latin America, which is inconsis-
tent with a priori expectations. This also occurs in other
studies, such as Barro’s study (1996), with no clear ex-
planation. In the case of Mexico, there is also a negative
relationship, which is not significant. The presence of in-
formation limitations must be taken into account, as in
the case of Colombia, for which the illiteracy rate is used
as an education indicator. In this case, the expected (nega-
tive) sign is obtained, although it is not statistically sig-
nificant. In the case of Brazil, there is evidence of a sig-
nificant positive correlation between production per
person and education.

Finally, it should also be mentioned that the study finds
evidence that the per capita products of groups of coun-
tries or states (according to the database used) tend to
grow at the same rate but maintain differences in their
levels (conditional convergence). In practically every case,
the parameter corresponding to lagged per capita income
has a positive sign, is less than unity, and is statistically
significant, consistent with this type of dynamics. Also,
except for the case of Colombia, the technological ten-
dency obtained, modeled as a temporal tendency, is nega-
tive. These results can be found in the complete report.

In general terms, some evidence is found in this study
in favor of a positive relationship between health and per
capita product. On the other hand, the results obtained
are consistent with certain aspects of the model but not
with the model as a whole. This could be because the
samples include periods of economic adjustment instead
of growth.

Regarding the relationship between health and per
capita product, in the case of Latin America and also to
an extent in the case of Colombia, a relatively important
number of results (but not the majority) are positive and
significant at the 10% level. However, these results are
not necessarily accompanied by consistent results for the
remaining variables of the growth model used for the
analysis. Therefore, these results can be considered evi-
dence in favor of a positive relationship between health
and economic growth (not necessarily causal) but not in
favor of the model as a whole.

On the other hand, for those results that are as consis-
tent as possible with the model as a whole, the health
indicators correspond in general to age and gender
groups at the extremes and not necessarily the most sta-
tistically significant. These results constitute partial evi-
dence in favor of the models used, although it must be
recognized that these are obtained in few cases.

It is possible that the inconclusive results of this study
follow from information limitations, possible omission
of additional control variables, and statistical problems
of simultaneity between the variables studied.

LoNG-TERM REecIPROCAL IMPACT OF HEALTH AND
GROWTH IN MEXICO

Fogel’s study on the historical association between nu-
trition, longevity, and economic growth is a source of
motivation for the contemporary study of the interaction
between health and the economy. One the most interest-
ing findings of Fogel’s research is the persistence of im-
provements in health. When health improves during the
initial years of life, it improves in all later stages and life
expectancy increases, which leads to the hypothesis that
increases in health can have a long-term effect on income.
The database on the Mexican states offers an opportu-
nity to examine whether this type of correlation exists
between health and future income, because it includes
the following five-year health indicators:

¢ Life expectancy for men and women, fertility, and
infant mortality for the years 1955-1995.

* Mortality by age group and gender for the years
1950-1995.

It also contains five-year economic and educational
indicators for the period 1970-1995. The time series of
health indicators, which is much longer than that of the
economic indicators, makes it possible to analyze the in-
teraction between health and growth over a relatively
long period within the context of growth studies for de-
veloping countries. We estimate economic growth regres-
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sions in which we examine the role of health indicators
with lags of up to 15 and 20 years. We also examine the
symmetrical equivalent—that is, regressions of growth
(improvement) in health, specifically in life expectancy
for men and women, which turned out to be the most
significant health indicator in this database. The results
yield evidence of long-term two-way causality. In par-
ticular, the magnitude of the coefficients indicates a sig-
nificant channel of causality from health to income.

For economic growth regressions, we used the respec-
tive mortality indicators to disaggregate the results of
long-term interaction by age group and sex. We found a
pattern of lags similar to that for life expectancy associ-
ated with the more economically active age groups and
with maternity.

Econometric Approach

The technique we used is similar to that of Barro in Health
and Economic Growth (1996). We estimated economic
growth as a function of a series of explanatory variables.
We performed these estimations not only for the log of
income y, but also for life expectancy for men and women
EV,." We estimated equations such as the following:'>

Vr =Y/ T=0y + aEV, o EV, +BX +.+BX +u (1)

(EV,,,-EV)/T=yEV, + A 8Z +.+0Z +v, (2)

In these equations, T is the period of growth, t is the
initial period, o jand y, are coefficients with negative signs
expected in the case of convergence, a_ is the coefficient
of life expectancy with a lag of pT years, and y,is the
coefficient of per capita income with a lag of (T years.
Finally, X, ..., X, Z,, ..., and Z_represent additional ex-
planatory variables—dummy variables for each time
period in the case of Equation 1 and the constant term
for Equation 2.

Economic growth:
¢ The initial value of per capita income,

¢ Some health indicator (life expectancy, fertility, infant
mortality, mortality by age group and gender),

1 For life expectancy we use the transformation -In(80 — EV); for
the other health indicators we use logarithms.

12We used least-squares estimates for Mexico’s 31 states—i.e., all
the states including the Federal District, with the exception of the
state of Campeche, which we excluded because the o0il boom it ex-
perienced is recorded as part of its income and it introduces consid-
erable distortions in the regressions.

¢ Percentage of the population speaking an indigenous
language,

¢ Public spending (In),

¢ Percentage of the population up to 4 years old,

¢ Fixed temporal effects, and

¢ Education indicators.

It would be desirable for the database to contain better
indicators of savings as well as public and private invest-
ments in health. Those obtained were acquisition of bank-
ing resources, construction, public spending on educa-
tion and health, and the population eligible to use public
health services. However, these were not very significant,
nor was an indicator for migration.

When the rate of improvement in life expectancy is
estimated, the initial value is that of life expectancy it-
self, and a lagged GDP is used as an explanatory variable.

Equations 1 and 2 constitute a Granger causality test
between y,and EV,, except for the presence of the addi-
tional explanatory variables, and the use of a pattern of
lags constrained by the available information. Thus, it is
a conditional Granger causality test that studies causal-
ity once the effects of the additional variables have been
controlled.

A significant coefficient for a lagged variable indicates
that the hypothesis that the correlation indicates causal-
ity cannot be rejected. The magnitude of the coefficients
establishes the magnitude of the causal relationship sug-
gested by the regression.

The results indicate that, in economic growth regres-
sions, the coefficients of life expectancy and their signifi-
cance reach their maximums for lags of 15 or 20 years. In
the opposite direction, for which the horizon is shorter,
the coefficients and their significance reach their maxi-
mums for lags of 10 years. The magnitude of the coeffi-
cients indicates that the first Granger causality relation-
ship is considerable, whereas the second relationship is
smaller. This second result leads us to believe that the
income per capita of the Mexican states may not be a good
indicator of actions, including channeling of resources,
that improve health.

We also broke down the effect of life expectancy on
economic growth by using indicators of mortality accord-
ing to age and gender. This confirmed the results of
lagged impact that we have mentioned, and we found
that the results cluster around the health of the economi-
cally active population and possibly maternal health.

Results: Income Growth and Health

Here we summarize the results of the income growth
regressions.
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TABLE 5. Economic growth regressions: comparison of the impact of several health indicators® (main coefficients).

Life Life Life Life
expectancy expectancy expectancy expectancy Infant
for men for men for women for women Fertility mortality
Lag 0 15 0 15 0. 0.
Health 0.118 0.153 0.085 0.114 -0.057 -0.046
indicator (3.569) (3.356) (3.631) (2.887) (-1.58) (=2.041)

*We write the results by their confidence intervals according to the following scheme. Better than 1% (|t| 2 2.61), boldface; between 1% and 5% (1.97 < |t| < 2.61),

boldface and italics; between 5% and 10% (1.65 < |t| < 1.97), italics.

Life Expectancy, Fertility, and Mortality

Life expectancy for men and women shows a significant
positive correlation with growth of per capita income for
time lags ranging from 0 to 15 years after the initial pe-
riod, with the maximum at 15 years. The coefficients have
the expected sign, are highly significant, and tend to in-
crease as the lag increases from 0 to 15 years. The first
four columns of Table 5 show these coefficients for 0 and
15 years. The results are not significant when fertility is
used, whereas infant mortality has a significant coeffi-
cient with only 0 years of lag time.

Mortality by Age and Sex

We sought to identify the age groups and sex for which
health has a lagged impact on income growth. In Tables
6 and 7, we show the coefficients of the regression that
yield the most significant coefficient for each age group
and sex for time lags of 15 and 20 years. Except for the
group aged 30—49 years, the results are more significant
for women, for whom significant coefficients in the group
aged 5-14 and 15-29 years are obtained. The coefficients
are even higher for men between 30 and 49 years of age.
In the case of women, the age groups point to maternity
and economic participation as relevant to causality, given
the characteristics of women’s participation in the
workforce. In the case of men, the economically active
ages are the most important. It is noteworthy that mater-

TABLE 6. Impact of male mortality by age on economic
growth regressions: 15- or 20-year lag with the most
significant coefficient for each age group® (main
coefficients).

Agegroup 0-4  5-14 1529 30-49 50-69 70+
Lag 15 20 15 20 20 20

Health -0.002 -0.007 -0.005 -0.018 -0.019 -0.008
indicator (-0.21) (-1.124) (-0.603) (-2.095) (-1.214) (-0.59)

TABLE 7. Impact of female mortality by age on
economic growth regressions: 15- or 20-year lag with
the most significant coefficient for each age group?
(main coefficients).

Age group 04 5-14 15-29  30-49 50-69 70+
Lag 15 15 15 15 15 15
Health -0.009 -0.0117 -0.015 -0.016 -0.011 -0.018

indicator (-1.337) (-1.909) (-2.078) (-1.568) (-1.148) (-1.77)

*We write the results by their confidence intervals according to the following
scheme. Better than 1% (|t| = 2.61), boldface; between 1% and 5% (1.97 < |¢|
< 2.61), boldface and italics; between 5% and 10% (1.65 < |t| < 1.97), italics.

nal mortality is an indicator of the availability of techno-
logically feasible health services and thus shows the im-
portance of broad coverage of health services.

Tables 8 and 9 are similar to the previous tables but
deal with a lag of 0 years, where the causal relationship
is less clear. These results are significant for women from
the age of 15 on, but they are not significant for men.
Several phenomena are present here. It is evident that
older women are more vulnerable than men. For younger
women, the increased vulnerability may be related to
maternity and other health conditions that receive less
care when economic resources decline.

In summary, there is strong evidence of causality from
life expectancy of men and women to economic growth
occurring in the five-year period beginning 0-15 years
later; both the coefficients and the confidence levels grow
during this time. When we use the mortality indicators
by age group and sex, we find that this causal relation-
ship has greater significance for men aged 3049 and for
women aged 5-14 and 15-29. Thus, the causal relation-
ship detected is associated with the more economically
active groups and with maternity.

TABLE 8. Coefficient of male mortality by age in eco-
nomic growth regression: 0-year lag® (main coefficients).
Age group  0-4 5-14 15-29 3049 50-69 70+

Health 0.001 0.001 -0.007 -0.008 -0.014 -0.007
indicator (0.147) (0.101) (-0.772) (-0.842) (-1.079) (-0.462)

2 We write the results by their confidence intervals according to the following
scheme. Better than 1% (|t| 2 2.61), boldface; between 1% and 5% (1.97 < |t]
< 2.61), boldface and italics; between 5% and 10% (1.65 < |t| < 1.97), italics.

2 We write the results by their confidence intervals according to the following
scheme. Better than 1% (|t| 2 2.61), boldface; between 1% and 5% (1.97 < |t]
< 2.61), boldface and italics; between 5% and 10% (1.65 < |t| < 1.97), italics.
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TABLE 9. Coefficient of female mortality by age in eco-
nomic growth regression: 0-year lag* (main coefficients).
Age group  0-4 5-14 15-29  30-49 50-69 70+
Health 0 0 -0.022 -0.019 -0.025 -0.043
indicator (-0.068) (-0.002) (-2.655) (-1.664) (-2.094) (-3.526)
*We write the results by their confidence intervals according to the following

scheme. Better than 1% (|t| 2 2.61), boldface; between 1% and 5% (1.97 < |t|
< 2.61), boldface and italics; between 5% and 10% (1.65 < |t| < 1.97), italics.

In addition, the strongest correlations in the case of the
0-year lag, in which causality is less clear, are found only
for women, with two peaks—one for the age groups in
the childbearing years and the other for the elderly.

Education

The education variables show colinearity with the health
indicators. Although they may be significant in the ab-
sence of the health variables, their confidence levels de-
cline when the latter are included. This may indicate that
part of the effect of health on future growth occurs
through education, as is found in the study on Brazil. It
also may be a reflection of poor quality of the indicators.

Results: Life Expectancy Growth Regressions

In the life-expectancy growth regressions, the dependent
variable is the rate of growth in life expectancy for men
or women (i.e., its rate of improvement).” Tables 10 and
11 show the main results.

For both sexes, the income variable is notably more sig-
nificant when the lag is 10 years from the initial period
and with the expected positive sign. However, in the case
of women, the coefficient for 15 years is somewhat higher.
Note that the number of available observations declines
with the lags. For the 10- and 15-year lags, the coefficient
of initial life expectancy is negative, which indicates
convergence. This sign is lost for the lag of 0 years, which
may be the result of not having enough explanatory
variables.

Education

Using per capita income with a 10-year lag, we now in-
troduce the education variables (Table 11). The results

13 The variable is —-In(80 — EV), as above, and minus the rate of
growth of (80 — EV) is estimated. The independent variables are life
expectancy in the initial period (for the same sex); per capita in-
come, either at the beginning of the period or with a lag of 5, 10, or
15 years; indigenous language; public spending by unit of income;
and the percentage of the population under the age of 4.

are much more significant for females than for males. For
males, literacy and primary education are significant,
whereas for females all the education variables are sig-
nificant. The most significant variable for men is primary
education; for women it is literacy. The negative life
expectancy coefficient represents convergence in life
expectancy.

Magnitude of the Coefficients

We read the magnitude of the coefficients of the inter-
play between life expectancy and income in the best re-
gressions for each causal direction. We find that, for ev-
ery permanent one-year increase in life expectancy, there
is a 0.8% increase in the growth rate of per capita income
in the five-year period beginning 15 years later. In Mexico,
during the period in question, the five-year increases in
life expectancy have values of 2.34 years for men and 2.77
years for women. This means that the contribution to in-
come growth is on the order of 2% per year. The increases
in life expectancy continue to be about two years per
five-year period in 1990.

In the opposite direction, the magnitude is the follow-
ing. If income with a 10-year lag is doubled, life expect-
ancy increases by about 70 days. However, the R? of the
regressions is smaller, which indicates that the variables
of the regression are not sufficiently explanatory with
respect to improvements in health.

Conclusions

The results strongly indicate that health is correlated with
future economic growth—that is, it causes economic
growth in the long term in the conditional Granger sense.
When we examine the impact of mortality by age group
and sex, we see that this causality is associated with ma-
ternity and with the most economically active age groups.
We also detect causality in the opposite direction but the
magnitude is small. This may be because the per capita
income of the Mexican states is not a good indicator of
actions that improve health, including public spending
on health. It also may be because a significant portion of
health improvements occur for reasons other than in-
come, such as technological and cultural change. Growth
regressions, as Solow notes, do not take account of such
changes, which appear in the residual. Particularly in the
case of the life expectancy growth regression, we should
consider that the residual, which is higher, includes not
only technology but also preferences—especially when
fertility is being considered, which in turn interacts
strongly with other health indicators. This means that
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TABLE 10. Life expectancy growth regression with several per capita income lags* (main coefficients).

Men Women
0 5 10 15 0 5 10 15
Income lag years years years years years years years years
Initial life expectancy 0.026 0.008 -0.023 -0.02 0.02 -0.004 -0.036 -0.042
(2.773) (0.709) (-1.673) (-0.908) 3.117) (-0.508) (-4.413) (-3.327)
Per capita income (In) 0.006 0.011 0.019 0.016 0.016 0.021 0.03 0.033
(1.646) (2.771) (3.919) (1.771) (3.849) 4.614) (6.308) (4.202)
Observations 155 124 93 62 155 124 93 62

*We write the results by their confidence intervals according to the following scheme. Better than 1% (|t| 2 2.61), boldface; between 1% and 5% (1.97 < |t| < 2.61),

boldface and italics; between 5% and 10% (1.65 < [t| < 1.97), italics.

changes in health are highly dependent on technology
advances, public policy, and behavioral patterns.

The 15- or 20-year lags between health and growth
surely result from the persistence of improvements in
health and the intergenerational nature of the formation
of educational and health capital. Investment in bring-
ing up children involves lags of this length and depends
on the wealth of the parents.

In this study, we found that improvements in health
indicators are correlated with future economic growth
over long periods of time that do not exhaust the hori-
zon of available information. The magnitude of the cor-
relation indicates the possibility that the contribution
of improvements in health to growth during this period
of Mexican development may be as significant as 2%
annually.

HeALTH IN THE ECONOMIC AND DEMOGRAPHIC
TrANSITION OF BraziL, 1980-1995

Among the main objectives of studies on the economic
impact of health is identification of the main channels of
interaction. In addition to its direct effect on productiv-
ity, health has other effects on both economic develop-

ment and the demographic transition. For example, Barro
(1996) stated that health reduces the depreciation rate of
human capital, making investments in education more
attractive. In fact, good infant health and nutrition di-
rectly increase the benefits of education (World Health
Organization, 1999; World Bank, 1993). Ehrlich and Lui
(1991) examined the impact of longevity on economic
growth through intergenerational economic exchange.
Health can facilitate the economic participation of
women. This in itself is important for economic develop-
ment (Galor and Weil, 1993). Health is a factor in fertil-
ity, itself a pivotal phenomenon of the demographic tran-
sition, which in turn has been studied extensively from
an economic standpoint. Finally, it is important to study
the impact of each of these mechanisms on income dis-
tribution dynamics and on the different sectors of the
population.

Together, these interactions paint a complex picture.
Their simultaneous presence poses considerable difficul-
ties to their study and to empirical detection of the di-
verse processes. In the case of Brazil, an excellent data-
base was compiled from Brazil’s National Household
Sample Survey (PNAD household surveys) and from the
classification of mortality by causes as obtained from
death certificates. The quality of this database allows us

TABLE 11. Life expectancy growth regression with several educational indicators (main coefficients; 93 observations).?

Men Women
Educational Primary Degree Primary Degree
indicator Literacy complete started Schooling Literacy complete started Schooling
Initial life -0.029 -0.033 -0.024 -0.046 —-0.041 -0.040 -0.039 -0.068
expectancy (-2.030) (-2.355) (=1.749) (-2.246) (-5.451) (-5.067) (-4.908) (-6.309)
Per capita
income 0.015 0.020 0.017 0.015 0.019 0.029 0.023 0.018
with a lag (2.848) 4.169) (3.224) (2.787) (3.955) (6.576) (4.550) (3.529)
of 10 years
Education 0.001 0.001 0.008 0.007 0.001 0.001 0.032 0.016
(1.713) (2.575) (0.819) (1.503) 4.733) (3.081) (3.238) (4.125)
2We write the results by their confidence intervals according to the following scheme. Better than 1% (|t| 2 2.61), boldface; between 1% and 5% (1.97 < |t| < 2.61),

boldface and italics; between 5% and 10% (1.65 < |t| < 1.97), italics.
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to pursue the detection of complex phenomena related
to the role of health in changes in income, education, eco-
nomic participation, employment, and fertility. From this
analysis emerges a picture that consistently shows that
health has important economic, demographic, and dis-
tributive interactions that can be influenced by public

policy.

Database

We consolidated the information from the eight PNAD
surveys (1977-1995), summarizing the data at 10 income
levels (i.e., by deciles) for each Brazilian state. Along
with other types of data, these surveys include informa-
tion on the size and composition of households, on school-
ing and school attendance, on the economic participa-
tion and employment of men and women, on household
income, and on the percentage of urban population. Two
advantages of using this part of the database are that all
the information is tied to income distribution and the
number of observations is large.

The health data obtained from death certificates include
mortality and YLPD classified by cause and by age group,
sex, and life expectancy for five-year periods between
1980 and 1995. All these data are included for each state
in Brazil."®

To harmonize the two sources of information, it was
necessary to extrapolate the years 1980 (based on 1979
and 1981) and 1985 (based on 1983 and 1986) from the
PNAD survey.

From a descriptive standpoint, the indicators reveal
a major economic and demographic transition. Low-
income households have more children, constitute a
population that is less active economically (especially in
the case of women) and that has greater unemployment
and less education. These households also are less ur-
ban. These differences decline considerably over time, al-
though inequality in income distribution does not.

Used together, the databases allow us to examine how
the health variables by age group and gender correlate
with the growth or decline in income, fertility, educa-
tion, and economic participation of each decile of the
population.

Econometric Estimation

To examine the role of health in Brazil’s economic and
demographic transition, we estimate a series of growth

4 This work was compiled by Suzanne Duryeau of IDB.
15 This is the work of Maria Helena Prado de Mello Jorge, Depart-
ment of Epidemiology, University of Sao Paulo, Brazil.

regressions, similar to those used by Barro (1991, 1996),
for several important indicators. This means that we ex-
amine how health and certain other economic indicators
intervene in the explanation of changes—that is, in the
dynamics—of the principal indicators of Brazil’s eco-
nomic development and demographic transition. In other
words, the variables to explain (left-hand side) are the
growth rates of

¢ Per capita income;

¢ Percentage of the population under 1 year of age (a
proxy for fertility);

¢ Schooling and the percentage of children aged 7, 10,
and 15 who attend school; and

¢ Economic participation, unemployment, and wages
for men and women.

These variables describe the major aspects of the eco-
nomic and demographic transition. As explanatory vari-
ables, we use economic and demographic variables as
well as health variables (right-hand side, logarithms).

1. Economic and demographic variables (logarithms):

¢ Initial level of the variable whose growth rate is be-
ing studied,

¢ Per capita household income and its square (to ob-
tain a flexible functional form),

¢ Schooling of the household head and its square,

* Average schooling in the household,

¢ Economically active population (male and female),

¢ Percentage of urban population,

¢ Population growth rate, and

¢ Percentage of the population under 1 or 6 years of
age.

These variables include the principal indicators that
describe (in averages) the economic situation of the house-
holds of each decile in each state. They are income, school-
ing of the household head, average schooling of the
household as a whole, economic participation, percent-
age of urban population, and percentage of newborns and
young children in the household. The population growth
rate is included to take into account the distributive ef-
fects implicit in using per capita indicators from the left-
hand side. However, it was not very significant, because
population growth is taken into account by the percent-
age of the population under 1 year of age. The initial level
of the variable to explain makes it possible to take into
account convergence-type effects in which the growth rate
of a variable depends on its initial level. The squares of
the income and schooling-of-the-household-head vari-
ables are included to give the estimator functional flex-
ibility, which simultaneously adjusts to the behavior of
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households with different levels of income. These squares
are also included as explanatory variables.

2. Health variables for ages 0, 1, 5, 10, ..., 70, or 75 and
for men and women (logarithms):

¢ Life expectancy;

* Probability of survival to next age group, p,t+a; and

* Maternal mortality, mortality from communicable
diseases, and mortality from noncommunicable
diseases.

Of these, we used mainly the probability of survival.
The other variables were used mostly for comparative
purposes. The probability of survival, a concept that in
itself is an excellent health indicator, was defined in a
manner consistent with the mathematical concept of life
expectancy; that is, in time t, the probability p,t+a of sur-
viving a years satisfies the following equation:

EV; = Pt EVisa +2(1-pt)a (1)

where EV, is life expectancy at age t (if the subject does
not survive, life expectancy of half the period is assumed).
Excellent results were obtained with this indicator.

Finally, we state the system of equations that describes
the estimation carried out for each dependent variable.
Because information on health is not available by deciles,
we estimated panel-type growth equations such as the
following;:

Ysd(t+5) ~ Ysdt _ i
% =0yt + z iBiXegt +YdSst +CyXd

+0g5Xg5 +699Xoo * Esat

In this equation, states, deciles, and years are repre-
sented by the indices 1 <s<24,1<d<10, and t = 1980,
1985, and 1990, respectively. Each of the variables to ex-
plain takes the place of y. The independent economic and
demographic variables are Xi. The health variable is S.
The right-hand side also includes dummy variables by
decile X, and by date X, X,, in order to control for the
respective fixed effects.

The estimates include 24 Brazilian states. The regres-
sions were estimated by generalized least squares, cor-
recting for heteroskedasticity and correlation in the er-
rors between deciles and states.

Interpretation of results must take into account the fact
that the health indicators are state level indicators. These
differ from the remaining data, which refer to both states
and income levels. Thus, the regressions answer the ques-
tion, “What is the correlation between the state health
indicators S (for a certain age group and sex) and the
growth rate of the economic indicator y of each income

decile, once the variables Xi and the initial level of y have
been taken into account?”

We estimate these regressions by sets in which the
health indicator covers the population’s classification by
age and sex. For each regression, coefficient y, is obtained
for each income decile d, which estimates the correlation
for each decile between the state health indicator and the
growth rate of the variable to be explained. We graph
these coefficients in three dimensions in order to observe
the pattern they follow with respect to age group, sex,
and income decile (nonsignificant coefficients are
graphed at zero).

To complete our analysis, in a different estimate we
also included as a variable to be explained the probabil-
ity of survival for men and women. In this case, we use
the equation

S t+5) =St i
Med =0Sgeq + Z iBiXggt +C

5 2)
+0g5Xg5 +690Xo0 * Egat

where ¢, = 1. Here, the relationship between the change
in the health variable and the economic and demographic
explanatory variables by deciles is estimated uniformly
for the different income levels but with the functional
flexibility provided by the squares of income and
education.

Analysis and Results

A considerable number of the health indicator coeffi-
cients were significant in many of the regressions. In
certain cases, the graphs of these coefficients of correla-
tion between health indicators and the growth rates of
the main variables of the economic and demographic
transition show a high degree of regularity and consis-
tency, which allows us to draw a series of conclusions.
In other cases, the graphs show diverse behaviors that
raise more questions than they answer. Although we
discuss the overall results, here we show only the nu-
merical results of some of the groups of regressions.
These correspond to cases in which the dependent vari-
ables are the growth rates of the following variables:
income, female economic participation, percentage of
the population under 1 year of age, and schooling. In
general, the female health indicators yield higher and
more significant coefficients. Accordingly, here we show
only the graphs of the coefficients obtained by female
health indicators for this set of variables. Table 12 sum-
marizes the coefficients obtained for economic and
demographic explanatory variables in the regression



MAYER ET AL. 19

TABLE 12. Average coefficients in main groups of regressions,* 711 observations in the periods 1980, 1985, and 1990

(GLS, CSW, white).>

Growth of Growth of percentage
Income economic of population under Growth
Dependent variable growth participation 1 year of age of schooling
Number of regressions 32 17 32 32
Health indicators Both sexes Female Both sexes Both sexes
Average of fixed effects 1.532 0.33 -0.575 0.289
of deciles (16.06) (3.36) (-9.82) (2.72)
Income -0.4544 -0.1377 0.096 —0.0455
(-14.48) (-4.75) (3.04) (-0.06)
Income squared 0.0263 0.00924 -0.0188 0.00122
Schooling 0.0065 0.0266 0.0115 0.0852
(8.3) (4.75) (-4.41)
Schooling 0.0065 0.0266 0.0115 0.0852
of household head (0.5) (3.36) (1.23) (5.76)
(0.5) (3.36) (1.23) (5.76)
Schooling of -0.0012 -0.0061 0.0199 —-0.0095
household head squared =1.27) (6.35) (=1.5)
Average schooling — — -0.0237 -0.1767
(-1.15) (-31.74)
Economically active -0.0002 -0.1129 0.0075 0.0114
female population (-28.96) 0.21) (4.57)
Economically 0.0101 0.0016 -0.0674 -0.0794
active male population (0.38) (-1.62) (-3.67)
Percentage urban 0.0023 -0.0214 -0.0022 0.004
population (0.61) (-6.83) (-0.01)
Population growth -7.15 %107 -8.27 x10°® 4.17 x10°® -9.12x10°®
(-5.25) (0.6) (-6.48)
Percentage of population -0.0018 0.0034 -0.1894 0.0055
under 1 year of age (-3.96) (0.88) (-26.23) (2.82)
Percentage of population 0.0003 -0.0072 0.082 -0.0213
under 6 years of age (-0.78) (7.97) (-6.57)
Dummy variable 1985 -0.0277 0.0255 -0.0406 0.0306
(-9.87) (16.61) (-8.87) (16.46)
Dummy variable 1990 -0.052 0.0248 -0.0509 0.0203
(-71.78) (21.28) (-12.66) (15.23)
R? (minimum) 0.96 0.706 0.605 0.885
(maximum) 0.988 0.803 0.731 0.929
Adjusted R? (minimum) 0.958 0.692 0.586 0.88
(maximum) 0.988 0.794 0.718 0.926
Durbin-Watson (minimum) 1.935 2.156 2.189 1.965
(maximum) 2.386 2.251 2.285 2.055
F statistic (minimum) 528.01 52.54 32 163.06
(maximum) 1,823.91 89.33 57 277.97

 Health variable: probability of survival.
"GLS = generalized least squares; CSW = cross section weights; white = White’s method to correct for heteroskedasticity.
Minimum t statistic in parentheses, if the signs coincide in all regressions.

groups mentioned, whereas Figures 1-4 show the coef-
ficients of the health variables. The coefficients are com-

parable, because they represent elasticities.'

16 The elasticity of dependent variable y with respect to indepen-
dent variable x is [0 log(y)]/[d log(x)]. This represents the percent-
age change in y when x changes by 1%.

Relationship between Health and Growth of Per
Capita Income

We begin by using two indicators of health to study the
growth of income per capita: life expectancy and the prob-
ability of survival. With the second indicator, pt+a (see
Figure 1), we obtain much more precise results, because
it correctly separates the effects by age group, whereas
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FIGURE 1. Significant coefficients (2.5%) in the correlation of the probability of survival for women and income
growth rate (GLS, CSW, and white).?
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2GLS = generalized least squares; CSW = cross section weights; white = White’s method for correcting
for heteroskedasticity.

FIGURE 2. Significant coefficients (2.5%) in the correlation between the probability of survival for women and the
growth rate of female economic participation (GLS, CSW, and white).?
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GLS = generalized least squares; CSW = cross section weights; white = White’s method for correcting
for heteroskedasticity.
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FIGURE 3. Significant coefficients (2.5%) in the correlation between the probability of survival for women and the
growth rate of the percentage of the population under 1 year of age (GLS, CSW, and White).?
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GLS = generalized least squares; CSW = cross section weights; White = White’s method to correct for
heteroskedasticity.

FIGURE 4. Significant coefficients (2.5%) in the correlation between the probability of survival for women and the
growth rate of schooling (GLS, CSW, and White).?
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*GLS = generalized least squares; CSW = cross section weights; White = White’s method to correct
for heteroskedasticity.
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life expectancy at age t is a weighted mean of health for
age groups t and thereafter.

Figure 1 shows that the probability of survival for fe-
males aged 545 is positively correlated with income
growth, except for the sectors of the population with very
high or very low income levels. In these cases, the corre-
lation is negative. In the case of high income, there ap-
pears to be a wealth effect on health in which women
stop working and become involved in some other activ-
ity. The main such activity is motherhood, when women
choose to remain at home. This hypothesis is strength-
ened by the results obtained when we take the growth
rate of the economic participation of women, especially
young women, as the variable to be explained (Figure 2).
In upper-income levels, health correlates negatively with
future female participation. This effect is corroborated
when unemployment is used instead of participation. We
deal with the results for the lower-income deciles in the
section on participation and employment.

We consider it important to estimate the order of mag-
nitude of the positive correlations between health and
the growth of income and economic participation. For
this, we used as a reference the average increases that
occurred in the probability of survival pt+a for women
between 1985 and 1995. These estimates were hindered
by the fact that there was a decline in the health indica-
tors for some age groups in this period. Therefore, we
estimated only the ranges in which the coefficients were
observed. The maximum range for the direct effect on
income of the average health increase from 1980 to 1995
is 0.19% per year. The average of the maximum range of
the effect on female participation of p t+a for women aged
15-35 is 0.39% per year. Because female participation is
about 50% of male participation, and male participation
is practically 100%, this increase in participation trans-
lates to an income growth of about 0.13% annually. It
should be recalled that, because the increments in health
are persistent, these effects are probably greater over
longer periods of time, as indicated by the causality stud-
ies for Mexico and Latin America.

The results for the other explanatory variables for in-
come growth are consistent with economic theory and are
shown in Table 12. There is income convergence, which is
somewhat greater for low incomes than for high incomes.
Schooling of the household head contributes positively to
growth, whereas schooling involving young people cor-
relates negatively in that it represents an investment (in
regressions not reported here). The appropriate indicator
is an intermediate one. The percentage of the urban popu-
lation contributes positively to growth. The percentage of
the population under 1 year of age contributes negatively,
and this is consistent with the impact on per capita income
that arises from a larger population. On the other hand, a

larger percentage of children under age 6 contributes posi-
tively, which may indicate that households with young
children seek higher incomes.

With respect to the other explanatory variables for in-
come growth, the results are consistent with economic
theory (see Table 11). There is income convergence, a little
more for low-income than for high-income groups.
Schooling of the head of household contributes positively
to growth, and average schooling, which refers more to
that of young people, contributes negatively (in regres-
sions not reported here), because it represents an invest-
ment. The ideal indicator is something in between. A
higher percentage of the population living in urban ar-
eas contributes positively to growth. A higher percent-
age of the population under 1 year of age contributes
negatively, which is consistent with the effect of a larger
population on per capita income.

Relationship between Health and Fertility

To study the interaction between health and changes in fer-
tility, we take as the dependent variable the growth rate in
the percentage of children under 1 year of age in the house-
hold, a PNAD indicator determined by income levels.

The results show that health has a considerable impact
on the demographic transition. Improvements in health
are associated with higher rates of fertility in deciles 1-8
and with lower rates in deciles 9 and 10 (Figure 3). Ac-
cording to a Wald test, the difference among the coeffi-
cients is significant at the 0.0001 confidence level.

Average increases in the probability of female survival
during the period 1985-1995 correlate with an increase
of approximately 1% per year in the percentage of chil-
dren under age 1 for low-income levels and with a re-
duction of the same order in the upper-income levels.
These effects can be greater over longer periods of time.

Concerning the other explanatory variables (Table 12),
the results indicate that, for the lower deciles, an increase
in income correlates with an increase in fertility, whereas
in decile 10 the relationship is reversed. This change in
sign is consistent with economic theory. Schooling of the
head of household contributes positively to fertility in
all deciles and increases with wealth. However, average
schooling contributes negatively—i.e., in new generations
education reduces fertility. In addition, there is a declin-
ing trend in fertility over time.

Relationship between Health and Education

To study the interaction between health and changes
in education we estimated regressions for the growth
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FIGURE 5. Coefficients® of the lagged probability of survival in 204 economic growth regressions (GLS, CSW, White),”

18 Latin American countries.
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“Coefficients significant at the 1% level, women.
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bGLS = generalized least squares; CSW = cross section weights; White = White’s method to correct for

heteroskedasticity.

rates of schooling and of school attendance at ages 7, 10,
and 15.

In the case of schooling (Figure 5) as well as attendance,
the results show effects of mixed signs. The following
are some of our hypotheses about these results. Health,
both for children (who study) and adults (who support
them so they can attend school), has a positive impact
on education indicators. However, with regard to nega-
tive effects, on observing the corresponding regions in
the graphs on economic participation, it appears that
healthier children join the workforce. This effect also may
be correlated with higher fertility and female unemploy-
ment. Thus, it may be that a greater burden of young
children in the home reduces the level of schooling of
older children. Other explanations could be that there are
conflicts in the allocation of public resources between
health and education or that there is some association
with phenomena of adolescence, including drug addic-
tion, in which healthier adolescents drop out of school
more frequently. Using the variable of violent deaths in
males between the ages of 10 and 20 as a proxy for some
juvenile problems, we obtain a decrease in the magni-
tude of the coefficients in the negative area but not their
disappearance. This study cannot distinguish between
these and other hypotheses. What the magnitude and

confidence levels of the coefficients do show is that the
relationship between health and education is complex.

Again, using the increase in health from 1980 to 1995
as a reference, we estimate the magnitude of health’s
contribution to schooling, when this is positive. The
maximum range is 0.29%. An estimate of the returns of
education for the household head yields a coefficient of
0.90.” This implies, if the returns remain constant, that
the contribution of health to economic growth through
education has a maximum range of about 0.35% annu-
ally. As before, these effects may be greater over the
longer term.

Concerning the other variables, in the case of school-
ing (Table 11), income levels lead to convergence, and
schooling of the household head leads to divergence. Both
processes are more intense at lower-income levels. The
percentage of children aged 1-6 leads to growth in school-
ing. As for school attendance at 7, 10, and 15 years of age,
the results yield a mosaic that is difficult to interpret. Some
of the complexity may be due to stratification of the
educational phenomena—for example, urban-rural or

7We control for participation and male and female employment,
the population under ages 1 and 6, and temporal fixed effects. We
use generalized least squares and correct for heteroskedasticity and
correlation in the errors between deciles and states.
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through the schooling of household heads. There is a
positive correlation between female economic participa-
tion and increases in school attendance. The percentage
of urban population has a positive effect on school atten-
dance. Furthermore, there is a convergence effect on the
initial level of each education variable analyzed.

Relationship between Health and Economic
Participation, Unemployment, and Wages

The correlation between increases in health and female
economic participation was mentioned in the section on
income. In the case of males, there are increases in par-
ticipation and decreases in unemployment.’® These are
especially sharp in the lowest decile and for the health
indicators of young men and women. For corresponding
regions of the graphs, we find a decrease in wages, with
a very high implicit elasticity of approximately —6. These
factors help to explain the reduction in income that oc-
curs in the poorest decile when health indicators rise (Fig-
ure 1). Increases in health increase participation and em-
ployment in this decile (which is the one most vulnerable
to unemployment, as indicated in the database) and the
increased supply leads to a reduction in real wages and
income.

With regard to the other explanatory variables (Table
12), the picture is consistent. Income correlates positively
with an increase in male participation and negatively with
female participation, consistently with increased fertil-
ity. Schooling of the household head correlates with an
increase in female participation and with the wages of
both sexes. This decreases a little with income. An in-
creased percentage of the urban population reduces par-
ticipation and increases unemployment and wages. An
increased percentage of the population under 1 year of
age increases female unemployment. An increased per-
centage of the population under 6 years of age increases
male participation and the wages of both sexes. Further-
more, there is convergence on the initial levels of each
variable analyzed.

Relationship between Health, Mortality,
and Income Distribution

When we examine the correlation of income growth with
the health variables maternal mortality, mortality from

'8 The distinction between employment and participation is some-
what blurred in the results, probably because in surveys the ques-
tions and answers may be ambiguous on this point or may be un-
derstood differently by different population sectors.

communicable diseases, and mortality from noncommu-
nicable diseases, we find a surprisingly similar pattern.
The correlation between increases in health (reduced
mortality) and changes in income is positive for a broad
segment of the intermediate deciles, following an inverted
U shape. However, it is negative for the very high and
very low deciles. We have shown that, in the high deciles,
lower female participation reduces income, whereas in
the lower deciles higher participation and employment
reduce wages and income. Our previous explanations
have assumed that state health indicators correlate with
the health of every decile in every state and have been
based mainly on the resulting sign. In fact, this assump-
tion is confirmed by the existence of significant, differen-
tiated, and consistent results for each decile. However,
because the indicators are by state rather than by decile,
the intensity of the correlation of the state indicator with
the health of each decile may be different.

The inverted U shape of the correlation between health
indicators and economic growth is evidence of such dif-
ferences and is consistent with other work indicating that
demographic segmentation of the health systems rein-
forces the existing inequities (Londofio and Frenk, 1997;
Gonzalez Block et al., 1997; Frenk, 1994). This implies the
following: from its maximum on, which lies between
deciles 4 and 6, state increases in health foster income
convergence. In contrast, for the lower deciles, income
divergence is fostered—i.e., less growth or even mar-
ginalization. The lower deciles receive fewer benefits from
the health systems and must compete with deciles that
receive better benefits. Additional evidence that
health-related phenomena lead to divergence is that,
when health indicators are included in the regressions,
the coefficients indicating convergence become more
significant.

In summary, we find evidence that increases in the state
health indicators represent increases in health that are
unevenly distributed among the population. Below decile
4, this inequality leads to divergence in income growth,
and above decile 6 it leads to convergence. In contrast,
we find little difference in the pattern of income change
due to mortality from causes linked with maternity, com-
municable diseases, and noncommunicable diseases.”

Relationship between Income and Improvements in
the Probability of Survival, p/+*

The results of these regressions show a pattern in which
health is increasingly sensitive to income with increasing

19 This finding in the relationship between causes of mortality
and rates of income growth does not imply that the effect by in-
come group of such causes of mortality is of a similar level.
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age, especially for the older age groups, showing a larger
correlation between income and survival for men, with a
slightly smaller correlation for the lower income deciles.

Conclusions

Our results clearly indicate that health processes are part
of Brazil's economic and demographic transition. The
levels of health affect each of the principal aspects of the
transition—namely, income, fertility, education, and
economic participation.

According to our estimates, health increases income
growth through three main channels: increases in edu-
cational levels, direct productivity effects, and increases
in female participation. The period examined (1980-1995)
is characterized by low or negative economic growth,
which could mean that the economic potential of health
might not have been fully realized. It is also a period of
small increases in health status (see Figures 7 and 8 of
the study on Latin America). In the case of Brazil, there
are even some decreases in health status for some age
and gender groups. This makes it difficult to measure
the magnitude of the economic impact of health. The
upper levels observed for the effects of improvements in
health for the period are 0.35, 0.19, and 0.13 percentage
points annually for the income growth rates due to in-
creases in educational levels, direct productivity effects,
and increases in female participation, respectively. Evi-
dence from the long-term studies for Mexico and Latin
America indicates that these effects are greater in the long
run.

Health increases fertility (or limits its decline) at all
income levels except for the highest, where it reduces fer-
tility—a phenomenon consistent with the economic
theory of endogenous fertility pioneered by Becker (see,
for example, Becker et al., 1990; Dahan and Tsiddon,
1998). The 2% magnitude of these differences in fertility
between upper and lower deciles could be even larger in
the long term. However, education reduces fertility in
the new generations, and fertility has a tendency to de-
cline over time.

The health of both students and their parents increases
the amount of schooling and school attendance. How-
ever, there are also negative correlations when minors
apparently choose or are sent to work. This may be a sec-
ondary effect of greater fertility, in which homes with
more children may provide less support from adults for
school attendance. Both this effect and women’s decisions
to work or remain at home during motherhood are not
adequately studied in economic theory. The reduction in
schooling or in school attendance may also be the result
of budgetary conflicts between health and education. In

addition, there may be choices linked to adolescence that
result in a reduction in human-capital formation.

When the effects of income on the probability of sur-
vival are studied, we confirm the conclusion arrived at
in the study on the reciprocal impact of growth and health
in Mexico (fourth section) in the sense that the causal re-
lationship from health to income growth is much stron-
ger than its inverse.

With regard to the distribution of income, increases in
health can reduce inequality in principle, because their
effects are greater when there is greater inequality. For
example, increases in male and female participation oc-
cur especially in the low- and middle-income sectors.
However, evidence shows that the distribution of health
improvements is inequitable and, in fact, leads to diver-
gence in incomes among the lowest 40% of the popula-
tion. No really strong differences were detected in the
patterns of the effects on income growth levels of mor-
tality from causes related to maternity, communicable
diseases, or noncommunicable diseases.

The results of the estimates show a high degree of con-
sistency. The signs of the coefficients of income, educa-
tion, proportion of urban population, and proportion of
the population younger than 1 or younger than 6 years
of age are the expected signs in almost every case. The
Brazilian database we studied has enough indicators of
the necessary quality to establish that health has com-
plex interactions in the economic and demographic tran-
sition. Health manifests both positive and negative cor-
relations with the trends of change of the main economic
indicators. It increases income growth by fostering edu-
cation, productivity, and economic participation. How-
ever, it also increases fertility at low and average incomes.
This induces vicious circles in both income and school-
ing that revert only for high-income levels. Because of
maternity, the economic participation of women in decile
10 decreases, which reduces income through what can-
not be viewed as a negative effect because it is a result of
the household’s choice. Health also affects the distribu-
tion of income. Probably because of its poor distribution,
it originates lower-income growth in the lower 40% of
the population. Finally, the lowest 10%, who are most
vulnerable to unemployment, see their income reduced
because of increases in their economic participation that
reduce their wages.

THE LONG-TERM IMPACT OF HEALTH ON ECcONOMIC
GROWTH IN LATIN AMERICA

In this study we analyze the long-term impact between
health and economic growth in Latin America. Our mo-
tivation is the same as in the section on the long-term
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reciprocal impact of health and growth in Mexico, and
we follow the conditional Granger causality methodol-
ogy explained in that section. This analysis is possible
because life tables have been available at five-year in-
tervals since 1950 for many Latin American countries.
Besides establishing a strong long-term relationship be-
tween health and economic growth, the results are inter-
esting because they are directly comparable with both
the above-mentioned study for Mexico and the study on
the role of health on the economic and demographic tran-
sition in Brazil. The first of these studies uses life expect-
ancy and mortality by age group and sex for several five-
year periods but not the full life tables, whereas the second
study uses only contemporary life tables.

The Study

We run the following economic growth regressions:

Y, =Y, i
% = Oy + ZBiXQt *+YSg(t-1) +ZCiXi st
I

Times t take the values 1975, 1980, and 1985. The vari-
ables are as follows: y_ is the logarithm of income per
capita. Variable X! is the logarithm of the average num-
ber of years of primary schooling of the population over
25 years of age, real investment as a proportion of prod-
uct, and real “consumption” expenditure of the govern-
ment as a proportion of product and total fertility (chil-
dren per woman).” These variables include indicators for
the basic explanatory variables of economic growth—
namely, education, saving, and population growth. Vari-
ables X; are temporal dummies for the years 1975, 1980,
and 1985, which take into account temporal effects com-
mon to the countries in the sample, such as macroeco-
nomic and technological shocks. Subindex i runs through
the following 18 countries: Argentina, Bolivia, Brazil,
Costa Rica, Chile, Ecuador, El Salvador, Guatemala, Haiti,
Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru,
the Dominican Republic, Uruguay, and Venezuela. Dur-
ing these years the average growth rates of these coun-
tries for the five-year periods 1960-1965 to 1985-1990
were2.2%,2.4%,3%,2.1%,-2.2%, and -0.6%, respectively.

The health variable S, was the probability of survival
to the next age group obtained from life expectancy by
age groups and sex as described in the previous section.
The age groups are 0-1, 1-5, 5-10, ..., and 75-80 years.

20 The five variables are GDPSH5, PYR, INVSH5, GOVSH5, and
FERT from the well-known Barro Lee database (available on the
World Wide Web). The same database is used in this project for the
Latin American economic indicators and is described in the second
section of this paper.

The health variable was used with lags | of between 0
and 5 for the 5-year periods. This means that the number
of regressions estimated was 17 age groups x 2 sexes X 6
lags = 204.

Results

The regressions were estimated by generalized least
squares, correcting for heteroskedasticity and correlation
in the errors between countries. The main statistics of
these regressions are found in Tables 13 and 14. Initial
income obtains a consistently negative sign (as expected
by the hypothesis of conditional convergence) and is
somewhat or very significant. “Average years of primary
schooling for ages 25 and over” obtains a consistently
significant negative sign [contrary to what is expected,
asin Barro (1991)]. Investment obtains a consistently posi-
tive sign (as expected from economic theory), which is
somewhat or very significant. The coefficients of the re-
maining variables change sign. Additionally, the R? F,
and Durbin—-Watson statistics are very good for all the
regressions. Considering that each regression includes
only 52 observations, the results are very good.

The coefficients of the female health variables are
shown in Figure 5, with nonsignificant coefficients (less
than 1% confidence) set to 0. The coefficients obtained by
the male health indicators are somewhat smaller and less
significant, as holds almost generally in the studies on
Mexico and Brazil, but nevertheless follow the same pat-
tern. The graph restricted to a zero lag is similar in shape
and magnitude to the graph obtained for the Brazilian
case (Figure 1). The highest coefficients are concentrated
at the 10-year-old age group and diminish toward the
younger and older age groups. What is important from
the point of view of the long-term analysis is that the co-
efficients increase significantly toward the past for almost
all the age groups. The coefficients of the adult age groups
become larger (and, in the case of the male indicators,
more significant). Such an increase would not take place,
for example, if the lagged variable was income per capita.

These results are very similar to those obtained in the
case of the study on Mexico. They confirm that there is a
long-term relationship between health and economic
growth and that adult health plays an important role in
this relationship.

We analyze the magnitudes that these interactions be-
tween health and growth represent in real terms. To do
this, we take into account the percentage increase in the
probability of survival of men and women that actually
occurred in the decades 1950-1960 and 1980-1990 and
calculate the economic growth rates with which these
health improvements would be associated. Figure 6
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TABLE 13. Coefficients and their significance; results for 204 economic growth regressions for 18 Latin American

countries (GLS, CSW, White).?

Coefficient Probability

Minimum Average Maximum Minimum Average Maximum
Initial income -9.17 x10°° -7.26 X 10°° -1.82 x10° 6.20 x 1072 2.63 x10° 1.21 x 10"
Primary -1.68 x 102 -9.90 x 10~ -3.35x 1073 9.98 x 108 1.22 x 10+ 9.13 x 11,1103
Investment 1.67 x 107 1.27 x 107 1.66 x 10" 2.19 x 10" 1.30 x 102 5.22 x 107"
Government consumption -1.18 x 1072 1.96 x 1072 6.47 x 1072 8.29 x 1072 6.80 x 107" 9.98 x 107!
Fertility -6.87 x 1073 -3.57 x 1073 3.10 x 107 3.40 x 10°° 3.30 x 10" 9.96 x 10"
Dummy 1975 -3.30E+00 -8.47 x 107! 8.65 x 1072 8.93 x 10 6.59 x 102 9.81 x 107"
Dummy 1980 -3.34E+00 -9.01 x 107" 4.22 x 1072 1.18 x 10-° 3.88 x 102 8.83 x 107"
Dummy 1985 -3.33E+00 -8.81 x 10" 6.17 x 107 2.98 x 10° 4.54 x 102 9.74 x 107!

Note: Boldface type indicates a confidence level better than 1%.

*GLS = generalized least squares; CSW = cross section weights; White = White’s method to correct for heteroskedasticity.

TABLE 14. Global statistics.

Minimum Average Maximum
R? 0.86 0.92 0.97
Adjusted R? 0.83 0.91 0.97
F statistic 32.19 71.15 179.25
Log probability 0.00000 0.00000 0.00000
Durbin-Watson 1.88 2.08 2.37
Number of observations 52 52 52

shows that these health increments are lower for the later
decade, especially for women. Figures 7 and 8 show the
economic growth associated with these decades” health
increments obtained by using the coefficients of the re-
gressions corresponding to the longest available lag (25
years to the initial period)—that is, the coefficients are
multiplied by the health increments to obtain the associ-
ated economic growth.”

Because improvements in the probability of survival
are relatively small between the ages of 5 and 15 (Figure
6), the shape of these graphs differs from the shape of the
graph of the coefficients (Figure 5). The contribution of
the different age groups is much more uniform, and the
contribution to growth associated with the health incre-
ments of the old stands out. The male and female health
increments of 1950-1960 are associated in the long term
with income growth rates of about 0.8% and 1.1%, and
the growth associated with the health increments of the
older segment of the population would be even higher.
The contribution that would be associated with the health
increments of 1980-1990 is much smaller. In this case,
men would contribute more than women, but the typical
level would descend to 0.6% or more for adults, with the

2 We replaced the nonsignificant coefficients that occur for the 5-
year-old age groups and for the 55-year-old female age group with
the average of the neighboring coefficients.

female contribution running at 0.3%. Only in the case of
20-year-old men is the 1950-1960 level of contribution
preserved. However, this seems to happen because of a
notable negative perturbation in the health of this sector
of the population that occurred in 1975 and 1980 (which
extends to a lesser degree to 35 years of age).

The comparison shown in Figure 7 between the levels
of economic growth associated with the health increments
of two different decades has important implications. The
changes in the quantity and distribution of health im-
provements can considerably affect long-term economic
growth. The impact of each age group and sex on eco-
nomic growth is very sensitive to the health improve-
ment experienced by each sector of the population. Even
when the coefficients of female health indicators are larger
and more significant, male health improvements may
contribute more to growth. The diminished health incre-
ments of the 1980-1990 decade (compared with those of
the 1950-1960 decade), if not recuperated, may diminish
income permanently between 4% and 8%.%

Overall, we can conclude that each health increment
contributes permanently with an income increment,
which takes time to fully take effect. The trajectory of the
impact of health increments on income over time is shown
in Figure 8, taking averages over female and male health
indicators and also over all the indicators (vertical axis
measures income in terms of percentage increments).
Taking the form of this impact into account, as well as
the different contributions for each five-year period, the
approximate contribution of health increments to income
in Latin America over the years 1950-1985 is shown in
Figure 9 (vertical axis measures income in terms of per-
centage increments from 1950).

2 Examination of the health increments over the period 1950-
1990 shows that the possibility that health improvements decrease
in the long term plays a small role in the low performance of the
1980-1990 decade.
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FIGURE 6. Percentage increase in the probability of survival, by age group and sex, 18 Latin American countries,

1950-1960 and 1980-1990.
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Conclusions

With regard to the long-term relationship between health
and economic growth, this study confirms the results of
the study on Mexico—namely, that there exists long-term
conditional Granger causality from health to economic
growth. The horizon of this phenomenon is not exhausted
by the available information, which includes a lag of up
to 25 years on the initial period—that is, a total of 30 years
of lagged effects.

With regard to the coefficients of the impact on growth
that the different age groups exert, there is a marked con-

5 10 1520 2530 3540 45 50 55 60 65 70 75

sistency between the results for Brazil and Latin America,
in which the largest coefficients correspond to young age
groups and the most significant correspond to women.
When the real changes in health are taken into account,
the results coincide with those of the Mexican study in
that adult health has a considerable long-term impact,
which could be linked with intergenerational processes.

The impact of actual health increments at the longest
lag of the period analyzed is found to be considerable,
with an order of magnitude between 0.8% and 1.5% of
annual economic growth. The impact of different age and
sex groups depends on the health improvements each

FIGURE 7. Contribution by age group and sex of increments in the probability of survival to the annual income
growth rate (five-year period beginning with a 25-year lag); health increments typical of the decades 1950-1960 and

1980-1990.
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FIGURE 8. Temporal trajectory of the impact of health on income.
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group may experience. In particular, it is notable that
health improvements can contribute more in the elderly
than in other age groups.

The results in the different studies show a high degree
of consistency. Thus, the detailed and complex phenom-
ena observed for Brazil, in which health affects income,
education, economic participation, and fertility, as well
as the causality results for Mexico probably take place
not only in these countries but also in the Latin Ameri-
can region as a whole.

CoNcLUsioNs AND PoLicY RECOMMENDATIONS

The five research projects we have presented conclude
that health plays an important role in economic growth.
In the basic regressions of the Barro type (1991, 1996) on
Latin America, as well as in the regressions for Brazil,
Colombia, and Mexico, health plays a stronger role than
education. The extreme limits test of Levine and Renelt
(1992), which may be considered to be too strict, is con-
firmed in the case of Brazil for YLPD and in no case for

FIGURE 9. Approximate contribution to income growth of five-year-period
health increments, Latin America, 1950-1985.
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an educational indicator. From the point of view of eco-
nomic theory, these analyses use relatively lax functional
specifications, particularly compared with the augmented
Solow model, which incorporates health as a determi-
nant of human capital.

We include health in an application of the method of
Islam (1995), who tests the augmented Solow model of
economic growth of Mankiw et al. (1992). Given that sig-
nificant results are obtained in the context of the economic
constraints implied by a Solow-type growth model, the
results may be considered as strong evidence of a recip-
rocal relationship between health and growth. In this
same application, and contrary to expectations, the rela-
tionship between education and growth is generally nega-
tive, possibly because the indicators capture the level of
education in age groups where it represents investment.

The panel regressions based on the method of Islam
(1995) test an augmented Solow model in which health
contributes to human capital. The results can be consid-
ered as evidence of a positive relationship between health
and growth, because significant results are obtained in
the restricted framework implied by the economics of the
model.

The study on the long-term correlation between health
and future income shows a very strong link for Mexico
for the years 1955-1995, with lags of up to 15 and 20 years.
These imply that there exists conditional Granger cau-
sality. The effects, which can be up to 2% of annual
growth, cluster around the health of the economically
strongest segment of the population and on maternity.
The inverse causal relationship, from income to changes
in health, also exists, although it is detected to be smaller.
A larger residue is also present in these regressions. Im-
provements in health seem to depend more on public
policies and on technological and behavioral changes as
in the case of fertility.

The study of the role of health in the economic and de-
mographic transition of Brazil (1980-1995) reveals com-
plex relationships that induce both positive and negative
correlations for all the indicators. This fact in itself explains
the difficulties encountered in trying to find consistent and
significant results in studies with a lower level of informa-
tion, such as state-level studies or studies using samples
of countries. With more information, a consistent picture
emerges in which health plays a role that is not too differ-
ent from what common sense would indicate.

Health increases income growth by fostering educa-
tion, productivity, and economic participation, especially
for women. The maximum positive ranges detected for
these components, in a context of low growth and low
and even negative health improvements, were 0.35%,
0.19%, and 0.13% percentage points of income, respec-
tively. The channel with the largest contribution is edu-

cation. These effects can be larger in the long term, as
established by the studies on Mexico and Latin America.

However, health increases fertility at low- and me-
dium-income levels. This tends to reduce both income
and schooling, except at high-income levels. The choice
between working and staying at home, which occurs be-
cause of maternity, plays an important role as well.

Health also affects income distribution. In Brazil, the
poor distribution leads to divergence processes in the
income of the lowest 40% of the population. The lowest
10% even see their income reduced because of increases
in economic participation that lead to reductions in real
wages.

It is important to observe that the coefficients obtained
by female health indicators tend to be larger and more
significant. Health has economic impacts through mater-
nity and female participation decisions, which also may
have secondary effects on education. Thus, studies on the
impact of health intersect with studies on women and
the family.

The study of the long-term correlation between health
and future income in the case of Latin America confirms
the results of the study on Mexico, this time for a 25-year
horizon. This study also reproduces the distribution of
the regression coefficients by age groups and sex obtained
for Brazil, and it shows that, once the real increments in
health are taken into account, the contribution of adult
and old age health improvements is the highest. The rela-
tive importance of male and female health depends on
the health improvements that actually take place. Finally,
the health improvements lost during the 1980-1990 de-
cade may have a considerable impact on long-term eco-
nomic growth.

Economic growth is linked to higher levels of health.
Because of characteristics inherent to the health sector,
an optimal allocation of investment resources in health
necessarily involves the implementation of adequate
public policies that not only make the health sector effi-
cient but also take into account its effects on growth. These
are long-term effects, an important portion of which occur
through improvements in human capital in education.

Because this is another sector in which public policies
are important, the efficiency problems are compounded.
Except at the high-income levels, health may increase
fertility and through this mechanism curb the increase in
per capita income and education, which means that con-
sistent policies must be maintained in health, education,
and fertility. Policies that support women during moth-
erhood and help make the choice between working and
staying at home easier also may be successful. Health
policies should also take distributive aspects into account.
If the benefits do not reach the lower-income population,
they contribute to a polarization of income and cease to
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have an effect on those sectors of the population for whom
health investments produce the highest yield.

With regard to the magnitude of the aggregate impact
of health on economic growth, the last three studies (on
Mexico, Brazil, and Latin America) give a consistent pic-
ture once the different contexts are taken into account.
The 2% estimate for the Mexican case corresponds to a
high-growth environment with considerable health im-
provements. In the Latin American case, with an estimate
of between 0.8% and 1.5%, the environment is one of
medium growth with good health improvements. How-
ever, the parameters obtained for this case would yield a
long-term contribution of only between 0.4% and 1% for
the health improvements of the 1980-1990 decade. Fi-
nally, for the case of Brazil, which corresponds to this
last period and for which the environment is of low or
negative growth, the total short-term contribution ob-
tained is a maximum of 0.67%, without taking into ac-
count some possible negative effects. In any case, these
magnitudes must be considered as tentative, because the
methodologies applied are not designed specifically for
the purpose of estimating them and because of the defi-
ciencies of the economic indicators in the databases.

Given the complexity of the interactions of health, and
its relationship to education, the efficient implementa-
tion of public policies in a changing environment requires
that information be sufficient to evaluate effects, costs,
and benefits. The database we have worked with here
represents a bare minimum that is nonetheless absent in
practically every country in Latin America. We believe
the systematic development of information sources of the
breadth and depth necessary for these purposes should
be promoted systematically both inside and outside the
sphere of public services and health. This would yield
enormous results. These sources should systematically
cross-reference demographic (including maternity) and
health indicators with information on education, econom-
ics, and the effect of public subsidies. Information should
be obtained comprehensively from broader household
surveys and from the institutions that furnish the vari-
ous public services.

We now address the subject of efficiency in the alloca-
tion of resources among age groups. Recall first that eco-
nomic growth is not an objective in itself. The theory of
economic growth rests on the optimal allocation of con-
sumption over time, in keeping with individual prefer-
ences. In this context, for example, better health may in-
crease the number of women who choose to remain at
home instead of working outside the home, which oc-
curs in high-income households in Brazil because of a
wealth effect, and a lower income may result. Far from
being a negative effect, what we see here is a phenom-
enon whereby households are better able to pursue their

preferences. Analogously, the differentiated impact of
health improvements by age and sex on increases in in-
come, economic participation, and education only implies
that an additional proportional weight should be given
to the health of these groups, accounting for the
intertemporal aspect of the allocation of health resources.

A topic for additional research could be the rigorous
determination of these weights, which would also pro-
vide the economic basis for the weights involved in the
formulation of life-year-type health indicators and would
estimate the benefits to be obtained from using these to
rationalize public spending. A related subject would be
precise determination of the preferences that underlie the
individual decisions that lead to the dynamics we have
analyzed. This requires the development of theoretical
and technical tools that include both the consideration of
epidemiological risks and of household decisions on fer-
tility, on whether mothers work outside the home or stay
athome, and on education versus work at different stages
in the family cycle. It is feasible to base this study on the
information generated by this project.

Besides efficiency, technological absorption and devel-
opment play an important role in the health sector, as
they do in economic growth. It must be taken into ac-
count that facilitating the implementation of new health
technologies, as well as updating existing health systems,
has the potential of generating large benefits in terms of
health and future economic growth at a cost that may be
relatively low.

It is clear that, to carry out systematic analyses that in-
corporate the differences and socioeconomic and demo-
graphic characteristics of the various countries, it is nec-
essary to count with enough comparable and periodic
information. Such information must be obtained from
household or life quality surveys, including questions on
health, income, expenditure, availability of public ser-
vices, economic participation, childcare, etc., for all mem-
bers of the household. Based on this information, it would
be possible to evaluate, in each period, the successes and
limitations of those policies most closely related to eco-
nomic growth, alleviation of poverty, and development.
It is to be expected that the relationships between eco-
nomic growth and health analyzed in this study may dif-
fer among countries and therefore that the emphasis on
specific population groups, which public policies must
have, could also be different.

Surveys incorporating measures of the state of health
and of the use of health services by household members
have been developed. Nevertheless, there exists an ample
potential to obtain information that can be combined with
other sources to periodically measure indicators such as
YLPD or years of healthy life. In this study, it was pos-
sible to establish that such precise indicators can capture
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relationships with economic variables that are not sig-
nificant when less accurate indicators are used.

This study analyzes the relationship between health
and economic growth. However, it is necessary to inves-
tigate the processes that determine the conformation of a
population’s particular state of health, or, in other terms,
how health capital is accumulated. This subject raises
numerous questions. For example, it is necessary to ana-
lyze whether different subsidy schemes have different
effects on the population’s health; whether access to
health services is differentiated across socioeconomic
groups and service systems or is conditioned by employ-
ment; whether the insurance system induces the selec-
tion of risks among the population; etc.

From an economic point of view, health and educa-
tion are both important components of human capital.
However, the existing measures of one or the other vari-
able do not incorporate the simultaneous determination
of these two dimensions of human capital or their recip-
rocal interactions. The development of coherent and in-
tegral measures of these two dimensions of human capi-
tal as a factor of production is very important. However,
besides productivity, health has other important chan-
nels of impact. One of them is education, in which im-
portant temporal lags exist. Another is female economic
participation. Indicators complementary to health capi-
tal can be developed to account for the role of health as a
factor of production of education and as a conditioning
factor of female participation. Together, these different
measures would highlight different aspects of a popu-
lation’s health. They could be used as observational vari-
ables to evaluate the effects of public policy in the areas
of education and health as well as in the analysis of the
relationship of health and other social, demographic, and
economic variables. Measurement of the component of
human capital that is determined by education has con-
tributed valuable instruments for the analysis of such

economic relationships and for policy design. However,
a notable gap exists in relation to the economic effects of
health.

REFERENCES

Barro R. Economic growth in a cross section of countries. Quarterly
Journal of Economics. 1991; 196 (2/May):407—443.

Barro R. Health and Economic Growth. Annex I of Convocatoria para
propuestas de investigacion sobre Inversion en Salud y Crecimiento
Econdémico de la Organizacion Panamericana de la Salud. Washing-
ton, D.C.: Pan American Health Organization (PAHO); 1996.

Becker GS, Murphy KM, Tamura R. Human capital, fertility, and
economic growth. Journal of Political Economy. 1990; 98(5-2/
Oct):512-537.

Dahan M, Tsiddon D. Demographic transition, income distribution,
and economic growth. Journal of Economic Growth. 1998; 3(1/
March):29-52.

Ehrlich I, Lui F. Intergenerational rade, longevity and economic
growth. Journal of Policital Economy. 1991; 99 (5): 1029-1059.
Frenk J. Dimensions of health system reform. Health Policy 1994; 27.
Galor O, Weil DN. The gender gap, fertility, and growth. National
Bureau of Economic Research Working Paper. 1993; (Nov.) No.

4550.

Gonzélez Block et al. Experiencias de reforma en los sistemas de
salud en el mundo. In: Frenk J., ed. Observatorio de la salud:
necesidades, servicios, politicas. Mexico City: Fundacién Mexicana
para la Salud; 1997.

Islam N. Growth empirics: a panel data approach. Quarterly Journal
of Economics. 1995; 110(4):1127-1170.

Levine R, Renelt D. A sensitivity analysis of cross-country growth
regressions. American Economic Review. 1992; 82(4/Sept.):942—
963.

Londofio JLL, Frenk J. Structured pluralism: towards an innovative
model for health system reform in Latin America. Health Policy.
1997; 41 (1/]July): 1-36.

Mankiw NG, Romer D, Weil D. A contribution to the empirics of
economic growth. Quarterly Journal of Economics. 1992; May: 407—
437.

World Bank. World Development Report 1993. Investing in Health. Lon-
don/New York: Oxford University Press; 1993.

World Health Organization. The World Health Report. Geneva: World
Health Organization; 1999.



PARrT 11

ProbucTivitTy OF HOUSEHOLD INVESTMENT IN HEALTH
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INTRODUCTION

The purpose of this study is to understand how public
and private investments in health in Colombia relate to
the future earnings of individuals. The effects of being in
good health as well as the determinants of health pro-
duction functions are studied at the individual level. This
chapter attempts to identify the magnitude of the returns
of having good health status through the direct effect of
health variables on the earnings of individuals. Regional
(rural-urban)® and gender aspects are considered sepa-
rately. The aim of this study is to use the information in
the optimal design of policy interventions that may en-
hance health and increase labor productivity among low-
income and disadvantaged groups.

This is the first study to analyze the links between
primary indicators of health and individual labor prod-
uctivity in Colombia and how additional public expen-
ditures in health may improve individuals’ health. In-
vestments in health, as well as investments in schooling,
affect an individual’s productivity. Household resource
allocation and consumption decisions determine nutri-
tional status and the health of children and adults within
the household. These decisions have an impact on adult
anthropometric measures such as height or body mass
index (BMI), acute and chronic morbidity, and patterns
of illness and disability.

Human capital has many forms besides schooling.
Migration, the capacity to avoid unwanted fertility, and
health outcomes also are forms of reproducible human
capital. The framework set up by Mincer (1974) is en-

! Professor, Universidad de los Andes; Researcher, Centro de
Estudios sobre Desarrollo Econémico; Postdoctoral Fellow, Eco-
nomic Growth Center, Yale University.

2 Researcher, Departamento Nacional de Planeacion.

3 The patterns of illness in Colombia differ highly between rural
and urban areas, and communicable diseases occur more frequently
in rural areas. In 1993, approximately 30% of the Colombian popu-
lation lived in rural areas (United Nations Development Program,
1998).
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riched to allow for additional forms of human capital
besides schooling. Schultz (1997) analyzed how state and
family investments influence the formation of reproduc-
ible human capital and, also, how these affect labor earn-
ings and growth. The main questions he studied are what
determine the household demand for human capital and
what are the wage returns of human capital stock in the
labor market. Schultz (1997) found that adult height is
an important determinant of adult productivity and that
itemerges as inversely correlated to chronic health prob-
lems among the middle-aged and elderly. Moreover, re-
sults show that height is inversely related to mortality
and, consequently, directly related to length of produc-
tive life. Fogel (1994) also found that height and BMI are
related to male mortality at later ages and to chronic dis-
eases between the ages of 20 and 50. This study confirms
that height is positively related to individual earnings in
Colombia.

According to Schultz and Tansel (1997), most studies
that measure morbidity are related to high-income coun-
tries and focus on chronic disabilities among the elderly
(degenerative diseases). Other studies have analyzed the
productivity effects of nutrition in developing countries
(Behrman, 1993; Deolalikar, 1988; Behrman and Deola-
likar, 1988; Sahn and Alderman, 1988), and extensive lit-
erature has focused on child morbidity and malnutrition
effects for children (Rosenzweig and Wolpin, 1988;
Rosenzweig and Schultz, 1982a, 1983). Schultz (1984) has
analyzed the relation between child mortality and pub-
lic program interventions. Adult health status measures,
such as height, reflect cumulative health, early childhood
conditions, and nutrition investments undertaken by the
parents of the individual (Strauss and Thomas, 1995;
Martorell and Habicht, 1986). In addition, changes in
height over time may be attributed to changes in repro-
ducible human capital investments or in disease environ-
ments (Fogel, 1994). Strauss and Thomas (1997) used
household urban Brazilian data containing height and
BMI information and found that height has a large and
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significant effect on wages for males and females. Based
on this evidence, this study focuses on the relationship
between height and other indicators of the current health
of adults and their productivity. Exploring this relation-
ship will help to identify policy tools to improve adult
health outcomes and promote growth efficiently and
equitably.

Strauss and Thomas (1995, 1997) used survey data from
urban Brazil to show that, even after controlling for edu-
cation, different dimensions of health such as height, BMI,
calorie intake, and protein intake affect the wages of men
and women positively. They found that, relative to the
returns to education without controlling for health, the
estimated returns to education with health controls were
45% smaller for literate men and 30% smaller for men
with a secondary education or more. Schultz (1996) found
that the estimated wage returns to schooling are reduced
between 10% and 20% with the addition of three other
human capital inputs in the regression: migration, BMI,
and height. In this paper, however, it is found that the
returns to education are almost invariant to the introduc-
tion of health in the earnings equations. They change from
9.7% without height to 9.1% with height for urban men
and from 9.6% without height to 9.0% with height for
urban women. They are identical when the dummy for
disability or the number of days disabled is included in
the instrument variable (IV) estimates of the earnings
equation.

This study finds significant and positive effects of
height on wages. Taller men receive hourly earnings 8%
higher per centimeter and women receive hourly earn-
ings 7% higher per centimeter. The size of the returns in
Colombia are in line with the returns found in Ghana
(Schultz, 1996), where a 1 cm increase is associated with
a 5.7% wage gain for males and a 7.5% gain for females,
holding constant for BMI and migration. In Cote d’Ivoire,
the returns for male height are not significantly associ-
ated with a wage gain, holding constant for BMI and
migration. These estimated returns to height in Colom-
bia reveal that investments in nutrition may be impor-
tant for future increases in productivity and growth.

Strauss and Thomas (1995) found that the effects of
nutrition on height and adult productivity are subject to
diminishing returns. The proportionate increase in height
due to better nutrition may be greater for those who are
especially malnourished. As a consequence, human capi-
tal returns are expected to be higher at lower levels of
investments. In this way, nutritional programs targeted
to the poor would help reduce income inequalities and
promote efficient growth. Although information on nu-
tritional programs to test this hypothesis was unavail-
able for this study, the models tried to capture nonlinear
returns to adult health outcomes by introducing height

in linear and quadratic specifications in the earnings func-
tion. However, this study relies on the linear specifica-
tion because the quadratic specification did not yield
more precise estimates.

The approach used in this paper to evaluate health-
related programs is an integrated human capital demand
and wage framework presented by Schultz (1997) in
which it is necessary to coordinate many types of data,
some of which are not readily available. Two household
labor market surveys were used to collect information
on hourly earnings, labor force participation, and non-
labor income and assets as well as measures of human
capital stocks, such as height and disability.

The unit of analysis is the individual. The health indi-
cators expected to be associated with current productiv-
ity of workers are a dummy for having been disabled* in
the past month, the number of days disabled in the past
month, and height. These are indicators of human capi-
tal because they can be affected by social investments,
although they may vary across individuals because of
genetic or environmental factors not controlled by the
individual, family, or society. Based on an extended earn-
ings function that includes health measures as human
capital stocks in addition to schooling, productivity gains
associated with these forms of human capital in Colom-
bia are estimated. The possibility that health measures
may be endogenous or measured with error is taken into
account by the use of instrumental variable estimation.

This chapter’s second section describes data sources
and main characteristics of each survey as well as the
health indicators. The third section presents descriptive
statistics of the data. Empirical specification issues, esti-
mation, and policy simulations are discussed further in
the fourth section and the fifth section presents the main
conclusions derived from the analysis.

THE DATA

This section describes the main sources of data and the
variables used for the study. Apart from two major house-
hold surveys conducted by the Departamento Admi-
nistrativo Nacional de Estadistica (DANE), different
sources were consulted to obtain regional data on envi-
ronmental factors. That data were merged with the indi-
vidual household survey data, so that each individual
was linked to the characteristics of his or her community.

The socioeconomic characterization survey (CASEN)
is a national survey conducted in 1993, which has spe-
cific modules on health, education, and child mortality.
The survey interviewed 27,271 households: 22,257 in an

4 Not able to attend work because of illness.
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urban area and the remainder in rural areas. The size of
the sample of individuals between 18 and 70 years old
with positive wages or earnings was 35,395, of whom 64%
were male and 74% lived in urban areas.

From this survey two indicators of health were used,
which are the dependent variables of the health produc-
tion functions:

1. Disability: a dummy variable equal to one if the in-
dividual reports that he or she was not able to work
in the month before the survey because of his or her
iliness,® and

2. Number of days disabled: the actual number of days
of work lost because of the specific illness® (as re-
ported by the individual).

The variables to describe the individuals’ characteris-
tics are age, education, logarithm of hourly earnings,
whether the person is a salaried worker, nonlabor in-
come, and whether the individual lives in a house or an
apartment.

To explain the health outcomes, a series of variables
that describe the environmental factors was constructed
from CASEN. By averaging the observations in rural and
urban areas in each departamento,” the following commu-
nity characteristics were linked to each individual:

1. Availability of credit (from either the public or the
private sector) to buy a house in the departamento by
rural and urban subareas;

2. Education level in the departamento by rural and ur-
ban subareas (illiteracy rates, primary and second-
ary coverage);

3. Percentage of persons affiliated with social security
in the departamento by rural and urban subareas; and

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

5 A preceding question included in the survey was: “During the
last month did you have any illness, accident, and dental problem
or health problem?” The question used here is: “During the last
month did you not go to work or did not do your ordinary activi-
ties because of the illness or health problem mentioned above?” (in
Spanish: “durante el Ultimo mes dej6 usted de asistir al trabajo o
realizar sus actividades ordinarias debido a la enfermedad o
problema de salud sefialado antes?”’). The answers to these two
questions were either “yes” or “no.”

& The actual question used here says in Spanish “cuéantos dias
estuvo incapacitado o en cama durante el Gltimo mes?” which can
be translated as “for how many days during the last month did you
not go to work or did you stay in bed?” In the questionnaire there is
a space for the interviewer to write the number of days.

" Colombia is divided in 26 departamentos.

The Instituto Geografico Agustin Codazzi (1996) pro-
vided information about the following environmental
factors used to account for health outcomes:

1. temperature, altitude, and rainfall in each munici-
pality;
2. distance from each town to the capital of the de-
partmento, where major hospitals are located;
average times to reach schools in the municipality;
average times to reach hospitals in the municipal-
ity;
availability of water in the municipality;
availability of electricity in the municipality;
availability of primary schools in the municipality;
availability of secondary schools in the municipality;
availability of hospitals in the municipality; and
10. availability of health centers in the municipality.

»w
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The Ministry of Health provided information about
coverage of vaccination programs by municipality 2 num-
ber of hospitals available in each municipality, and qual-
ity of those hospitals, among others. From another ex-
ternal source® an index of the kilometers of paved roads
per population and area in each departamento was
obtained.

The urban part of the national household survey—stage
74 (ENH-91)* was collected in December 1991. This is a
household survey that covers the 11 major cities of Co-
lombia: Bogota, Cali, Medellin, Barranquilla, Bucara-
manga, Manizales, Pasto, Clcuta, Pereira, Ibagué, and
Monteria. Surrounding metropolitan areas of the cities
are included. These cities represent close to 40% of the
total population of the country and about 70% of the ur-
ban population; the smallest of these cities at the time of
the survey had at least 200,000 people.

The urban portion of ENH-91 is the only survey in
Colombiathat includes a person’s height,*? which is used
here as the adult health outcome. This survey does not
include the information about previous illness or lost days
of work. The sample population was between 18 and 70
years old, but the age range is restricted in some estima-
tions and figures (the wages and health equations are
estimated for those between 18 and 60 years old). This
cutoff is made because we believe that individuals may

8 This is measured as a percentage of coverage relative to the vac-
cination goal of the Ministry of Health for that municipality.

® A number between 1 and 6 to indicate the level of attention (from
attending minor wounds to performing major medical interventions)
in the institution.

10 Econémica Consultores (1996).

1 \We refer to this survey as ENH-91 to emphasize the year when
it was conducted.

2 The survey also includes a rural area, but it does not record the
height of individuals for this rural area.
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shrink after age 60 (not necessarily reflecting childhood
nutritional status) and individuals may still be growing
before age 18. From all persons who earn positive wages
or earnings, those with unreasonable heights (less than
135 cm) were excluded,®® leaving a working sample of
23,910 adults.

The variables used to describe individuals’ character-
istics are age, education, logarithm of hourly earnings,
whether the person is a salaried worker, nonlabor income,
and whether the house where the respondent lives is
owned by him (her) or his (her) family (owner-occupied
housing).*

To explain adult height, the following environmental
health factors were derived from ENH-91:

1. percentage of households in the community with
access to basic services (water, sewerage, and elec-
tricity);*® and

2. percentage of households in the community with
favorable population density according to poverty
standards.®

The characterization of the community where the in-
dividual lives was made first by city and, within each
city, by strata. In Colombia, the major cities are divided
into six socioeconomic strata depending on the economic
capabilities of the households, in order to charge differ-
ential rates for public services such as water, electricity,
and telephone service.'” Persons know how their houses
are rated.’®

It is assumed that a person’s place of residence is ex-
ogenous, although people may have migrated to a spe-
cific area or community because of the variables treated
here as exogenous, introducing potential bias in our esti-
mates (Rosenzweig and Wolpin, 1988).1

3 The number of observations dropped at this stage was approxi-
mately 7% of the total sample.

¥ In Spanish, “casa propia.”

% The survey provides information of access to each service sepa-
rately. The dummy variable used to construct the “percentage
of households in the community with access to basic services” was
1 when the house had access to all three basic services and 0
otherwise.

16 The percentage of households in the community without
overcrowding in the houses based on DANE’s definition of
overcrowding.

17 Because there are only 11 cities, a second characterization that
gave more variability to the community variables for the sample
was needed. Using strata, also provided by the survey, allowed
having 66 different values for the community variables.

8 Sometimes the interviewer is ordered to ask the respondent for
receipts from the electricity, phone, and water companies to con-
firm that the information of strata is accurate.

% In this paper, we do not try to explain migration decisions,
because the surveys do not provide sufficient information on mi-
gration histories or height information on rural populations.

DESCRIPTIVE STATISTICS OF THE
CoLoMBIAN DATA

Two samples were consulted. The first sample (CASEN)
involves persons who lived in rural or urban areas in 1993,
were earning a wage or had positive labor earnings, and
were between 18 and 70 years old. This sample is 36%
female and 64% male; only 9% have more than 13 years
of schooling, 8% have 0 years of schooling, and 46% have
partial or complete primary schooling; 74% live in urban
areas. This sample is used to estimate the models with
disability and the number of days disabled. The second
sample (ENH-91) is urban only. It includes the health
variable height. We used wage earners or individuals
between 18 and 60 years old with positive labor earn-
ings; 59% of this sample are males and 41% are females;
4% have 0 years of schooling and 13% have more than
13 years of education. The main characteristics of the
samples and health indicators are reported in Tables
1-4.

In general, illness is more frequent among women than
among men, and it increases with age. IlIness is more com-
mon among less educated individuals than among the
more educated (within rural and urban populations), and
it occurs more frequently among rural than urban resi-
dents at all levels of education. The patterns for disability
and number of days disabled shown in Tables 1 and 2 are
similar to each other. However, the number of days dis-
abled diminishes with education until 12 years of school-
ing; oddly, it increases at 13 or more years of schooling in
urban areas. Note that this happens only for days disabled
and not for disability. As shown in Table 1, the percentage
of more educated individuals who have a disability is
lower than among the less educated at all levels of educa-
tion. This result is contrary to what was found by Schultz
and Tansel (1997) in Ghana and Cote d’Ivoire, where the
propensity of adults to report illness was positively related
to education. The average number of days disabled may
increase 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 professional advice (Johansson, 1991).
In addition, more educated individuals may have more
resources to indulge their illnesses and consume more days
disabled when they are ill.

Figure 1 shows the histogram of the number of days
disabled for the population with a positive number of
days disabled. The bulk of this sample (78%) has fewer
than 10 days of disability, 10% have 15 days of disability,
and 7% of the sample have been disabled for the entire
past month (they may be chronically disabled).

The patterns of height summarized in Table 3 refer to
the whole sample between 18 and 70 years old and not
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TABLE 1. Weighted share with disability by education, area, and sex.

Area Sex
Education Rural Urban Total Education Male Female Total
0 years 52,184 24,606 76,790 0 years 53,164 23,626 76,790
% population 9.60% 6.46% 8.31% % population 7.99% 9.13% 8.31%
1-6 years 139,580 222,164 361,744 1-6 years 237,664 124,080 361,744
% population 6.78% 6.80% 6.79% % population 6.46% 7.55% 6.79%
7-12 years 18,315 237,096 255,411 7-12 years 150,262 105,149 255,411
% population 4.83% 6.29% 6.16% % population 6.11% 6.23% 6.16%
+13 years 1,298 42,179 43,477 +13 years 13,723 29,754 43,477
% population 3.61% 4.31% 4.28% % population 2.44% 6.57% 4.28%
Total 211,377 526,045 737,422 Total 454,813 282,609 737,422
% population 7.01% 6.27% 6.46% % population 6.17% 6.99% 6.46%
Education Sex

Age 1-6 years  7-12 years  >13 years Total Age Male Female Total
18-24 2,466 49,186 64,010 3,139 118,801 18-24 70,496 48,305 118,801
% pop. 3.84% 5.44% 5.77% 3.15% 5.45% % pop. 5.03% 6.23% 5.45%
25-34 7,597 85,494 87,591 18,020 198,702 25-34 118,245 80,457 198,702
% pop. 5.88% 6.19% 5.33% 4.10% 5.53% % pop. 5.22% 6.05% 5.53%
35-44 12,764 81,775 68,222 15,559 178,320 35-44 98,094 80,226 178,320
% pop. 6.29% 6.36% 7.44% 4.78% 6.53% % pop. 5.85% 7.61% 6.53%
45-59 26,716 98,301 28,814 6,544 160,375 45-59 104,983 55,392 160,375
% pop. 8.23% 7.33% 7.21% 4.88% 7.29% % pop. 6.99% 7.93% 7.29%
60-70 27,247 46,988 6,774 215 81,224 60-70 62,995 18,229 81,224
% pop. 13.40% 11.48% 8.75% 1.26% 11.49% % pop. 12.11% 9.76% 11.49%
Total 76,790 361,744 255,411 43,477 737,422 Total 454,813 282,609 737,422
% pop. 8.31% 6.79% 6.16% 4.28% 6.46% % pop. 6.17% 6.99% 6.46%

Source: CASEN.

% of total population below numbers. Sample including all persons in the labor force between 18 and 70 years of age.

only to participants in the labor market. They indicate
that between young (18-24) and old (60-70) age groups,
women have gained 2.88 cm and men have gained 2.91
cm. Most of the gain occurs between age groups 45-59
and 60-70, which suggests that gains to height from nu-
trition may be subject to sharply diminishing returns.
However, part of the gain observed between these two
age ranges may be because old people shrink for biologi-
cal reasons and, therefore, the gain may be overstated.
The best educated have an 8.36-cm advantage over the 0-
year educated, although this result mixes age and class.
There is less than 1 cm of gain within all the education
groups and across ages (between the youngest and old-
est age groups), except for the group with 0 years of
schooling, where there was a 2 cm gain. Across educa-
tion groups (between 0 and >13 years of schooling) and

within age groups, the gap has declined from 9 cm for
the oldest to 5 cm for the youngest. However, for the 25-
to 34-year-olds, the gap remains 9 cm.

Figure 2 shows the trends in height for the entire popu-
lation aged 25-55 in 1991 in relation to their dates of birth.
Figure 3 shows the same but only for participants in the
labor force. There is a secular increase in height similar
in shape and size to the one observed by Strauss and
Thomas (1998) in Brazil. As shown in Table 3, the slope
in the trend line is steeper for females than for males.
Additionally, comparing the slopes in Figure 2 and Fig-
ure 3 shows that the slopes for labor force participants
are higher than those for the entire population. This may
indicate that the urban labor market has been selecting
individuals who have higher child nutritional levels. Fig-
ure 2 implies an estimate that in Colombia the height
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TABLE 2. Mean number of days disabled by age, sex, education, and area.

Sex Area

Age Male Female Total Education Rural Urban Total
18-24 6.87 4.28 5.82 0 years 8.54 10.55 9.18

(6.25) (4.23) (5.66) (8.24) (9.52) (8.72)
25-34 6.38 6.36 6.37 1-6 years 8.77 7.37 7.91

(6.44) (6.26) (6.37) (8.34) (7.49) (7.86)
35-44 7.53 7.05 7.31 7-12 years 6.62 6.22 6.24

(8.35) (8.37) (8.36) (5.15) (6.7) (6.6)
45-59 10.17 7.12 9.12 +13 years 3.67 9.66 9.48

(9.47) (6.8) (8.76) (0.95) (10.29) (10.19)
60-70 10.30 10.95 10.44 Total 8.49 7.18 7.56

(8.57) (9.61) (8.82) (8.09) (7.62) (7.78)
Total 8.12 6.65 7.56

(8.09) (7.17) (7.78)

Education Sex

Age 0 years 1-6 years  7-12 years  >13 years Total Education Male Female Total
18-24 6.153 5.862 5.51 11.244 5.82 0 years 9.38 8.74 9.18

(4.66) (5.9) (5.02) (10.25) (5.66) (8.93) (8.21) (8.72)
25-34 7.821 6.943 5.866 5.521 6.37 1-6 years 8.45 6.87 7.91

(6.5) (6.54) (6.14) (6.24) (6.37) (8.32) (6.77) (7.86)
35-44 8.026 6.936 6.213 13.551 7.314 7-12 7.07 5.06 6.24

(8.81) (6.77) (8.03) (12.99) (8.36) years (7.07) (5.66) (6.60)
45-59 8.922 9.549 7.672 9.737 9.115 +13 years 9.15 9.63 9.48

(8.83) (9.35) (6.66) (6.41) (8.76) (9.67) (10.41) (10.19)
60-70 10.627 10.057 12.304 13.046 10.443 Total 8.12 6.65 7.56

(9.14) (8.97) (5.26) (13.08) (8.82) (8.09) (7.17) (7.78)
Total 9.18 7.907 6.244 9.479 7.556

(8.72) (7.86) (6.6) (10.19) (7.78)

Source: CASEN.
Standard deviations are in parentheses. Sample including all persons between 18 and 70 years of age in the labor force.

FIGURE 1. Histogram of number of days disabled.
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TABLE 3. Mean height in centimeters by age, sex, and education.

Sex Sex
Age Male Female Total Education Male Female Total
18-24 169.32 160.40 164.23 0 years 164.66 155.25 158.58
(11.43) (9.98) (11.49) (9.52) (12.79) (12.46)
25-34 169.50 160.38 164.55 1-6 years 167.01 158.30 162.04
(10.10) (9.93) (10.96) (9.10) (10.28) (10.68)
35-44 169.13 160.21 164.30 7-12 years 169.44 160.72 164.63
(9.57) (9.75) (10.57) (10.63) (9.80) (11.05)
45-59 168.05 158.63 162.94 >13 years 171.64 162.01 166.94
(8.51) (10.86) (10.91) (10.25) (9.05) (10.74)
60-70 166.41 157.52 161.32 Total 168.89 159.81 163.89
(10.67) (10.62) (11.47) (10.14) (10.17) (11.08)
Total 168.89 159.81 163.89
(10.14) (10.17) (11.08)
Education
Age 0 years 1-6 years  7-12 years  >13 years Total
18-24 160.37 162.11 164.72 165.76 164.23
(14.81) (11.06) (10.97) (14.03) (11.49)
25-34 158.27 162.69 164.75 166.84 164.55
(15.98) (10.82) (10.97) (9.97) (10.96)
35-44 160.28 162.50 164.73 167.61 164.30
(8.27) (10.53) (11.20) (8.15) (10.57)
45-59 158.28 161.62 164.47 168.08 162.94
(13.19) (10.53) (10.86) (8.56) (10.91)
60-70 157.59 160.92 162.85 166.10 161.32
(10.74) (10.41) (12.44) (19.11) (11.47)
Total 158.58 162.04 164.63 166.94 163.89
(12.46) (10.68) (11.05) (10.74) (11.08)

Source: ENH-91.

Standard deviations are in parentheses. Sample includes all persons between the ages of 18 and 70 in and out of the labor force.

FIGURE 2. Mean height by year of birth, all sample

ages 25-55.
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gains per decade are approximately 0.65 cm for urban
men and 0.71 cm for urban women.?

To our knowledge, this is the first time secular height
gains have been quantified in Latin America, except for in
Brazil. This type of information is available for some Eu-
ropean countries, some African countries, and Brazil.
Strauss and Thomas (1998) showed that in the United States
the mean male stature increased 1.25 cm. per decade be-
tween 1910 and 1950. The relative figure in Vietnam was
1.05 cm per decade and in Brazil it was 0.77 cm per de-
cade. Fogel (1994) used historical European data on stat-
ure and weight and reported that, in Sweden, between the
third quarter of the nineteenth century and the third quar-
ter of the twentieth century, mean height in males in-
creased 0.81 cm per decade and in France it increased 0.64
cm per decade. For the same period, the increase per de-
cade in male stature was 0.57 cm in Norway and 1.07 cm
in Denmark. Schultz (1996) reported that the gain in height
per decade has been almost 1.33 cm for men and 1 cm for
women in Cote d’lvoire and 0.66 cm. for men and 0.33 cm
for women in Ghana. Although the figures across coun-
tries are not strictly comparable because they were taken
at different times and at different historical and economic
moments of each country, they help to show that the or-
der of magnitude of height changes in Colombia are simi-
lar to evidence from other countries in the world.

The main question of this study is whether health and
productivity are related at the level of an individual. Table
4 shows the mean values of the natural logarithm of
hourly earnings for males and females by education
ranges and by different values of the health indicators.
On average, labor earnings of persons who were disabled
in the preceding month are lower than earnings of those
who were healthy, although this is not true for females
with more than 13 years of schooling. For both males and
females, those who earn higher wages on average are
those who had between 15 and 29 days of disability and
more than 13 years of schooling. A very small percent-
age of the population lies in this category. These tables
show that taller individuals (men and women) earn more
at all education levels.

EsTIMATION OF PrRODUCTIVITY OF HEALTH
INVESTMENTS

To assess the returns to health investments, a Mincerian
earnings function is estimated that depends on human

2 The age ranges in these figures are restricted to avoid bias at
the ends of age ranges. Younger people may still be growing and
therefore have a lower height than their actual adult height, and
older people may be shrinking. The growth reported here is free of
biological growth or shrinkage.

capital. This section is divided into five subsections. In
the first subsection, Mincerian log earnings equations
are estimated considering the health indicators as
hourly earnings determinants. In the second subsection,
the selection bias introduced by considering only indi-
viduals with positive labor earnings is corrected. The
third subsection analyzes the connection between lo-
cal health policy instruments and adult health out-
comes, similar to the one analyzed by Strauss and Tho-
mas (1995). Once these health equations are estimated,
the results are used to construct instrumental variable
estimators of health that are inserted in the original
hourly earnings equation. This procedure generates
estimators of health that are free of noise and that bet-
ter indicate the relationship between health status and
productivity of adults. The instrumental variable esti-
mation of earnings is shown in the fourth subsection,
and the fifth subsection simulates the way changes in
policy variables are likely to affect lifetime earnings.
The sample means and standard deviations of the vari-
ables used in this section are shown in Tables Al and
A2 in the Annex.

Earnings Equations

An earnings function of the following type is estimated:
log(w;) =a+3b;X;i +3¢,Cy + 3dyHp +f (1)

where w, is the productivity measure (hourly earnings),
X contains only exogenous endowments that are not
modified by the individual or the family, C  are repro-
ducible forms of human capital, and H,;, are the health
status indicators. In this section, the health status indica-
tors are assumed to be exogenous to the hourly earnings
function and not correlated with the errors f in Equation
1. The parameters a, b, ¢, and d are estimated; the error
term f is assumed to be 0 mean independently distrib-
uted; i refers to individuals; and j, k, and h refer to the
specific variables in the sets denoted X, C, and H, respec-
tively. The sample includes wage earners as well as
nonwage workers with positive earnings.

Among the exogenous endowments X, age, and age
squared are included. 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 where he or she did five years before the survey
and 0 otherwise) was initially included in set C, this did
not substantially affect the coefficients of health or edu-
cation in any manner; therefore, these results are not
reported.

As health status indicators H,,, three variables are con-
sidered in separate regressions:
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TABLE 4. Ln (hourly earnings) by education and health indicators.

Males Females
Health Years of schooling Years of schooling
indicators 0 1-6 7-12 >13 Total 0 1-6 7-12 >13 Total
Disability No 5.64 5.95 6.37 7.20 6.16 5.41 5.68 6.22 6.99 6.05
(0.88) (0.85) (0.82) (0.78) (0.92) (1.14) (1.02) (0.86) (0.73) (1.03)
Yes 5.55 5.99 6.42 7.10 6.11 5.37 5.65 6.24 7.13 5.99
(1.12) (0.90) (0.74) (0.81) (0.96) (1.08) (1.01) (0.78) (0.64) (1.03)
Total 5.63 5.96 6.37 7.20 6.16 5.41 5.68 6.22 7.00 6.05
(0.90) (0.85) (0.81) (0.78) (0.92) (1.14) (1.02) (0.86) (0.72) (1.03)
Days disabled
0 5.64 5.95 6.37 7.20 6.16 5.41 5.68 6.22 6.99 6.05
(0.88) (0.85) (0.82) (0.78) (0.92) (1.14) (1.02) (0.86) (0.73) (1.03)
1-7 5.41 5.97 6.41 6.96 6.11 5.36 5.57 6.24 7.12 5.99
(1.21) (0.86) (0.71) (0.80) (0.94) (1.27) (1.04) (0.79) (0.65) (1.06)
8-14 5.77 6.04 6.49 7.42 6.16 5.49 5.80 6.26 6.97 6.01
(0.90) (0.96) (0.72) (0.46) (0.93) (0.77) (0.95) (0.68) (0.60) (0.89)
15-29 5.72 5.95 6.38 7.78 6.09 5.30 5.62 6.11 7.44 5.83
(1.05) (0.91) (0.90) (1.01) (1.00) (0.96) (1.01) (0.74) (0.77) (1.04)
30 5.58 6.04 6.56 7.02 6.10 5.28 6.18 6.35 7.18 6.33
(1.15) (1.04) (0.80) (0.55) (1.06) (1.13) (0.73) (1.00) (0.56) (0.92)
Total 5.63 5.96 6.37 7.20 6.16 5.41 5.68 6.22 7.00 6.05
(0.90) (0.85) (0.81) (0.78) (0.92) (1.14) (1.02) (0.86) (0.72) (1.03)
Height (cm)
135-154 6.90 7.14 7.43 7.94 7.24 6.59 6.73 7.15 7.93 7.02
(0.61) (0.71) (0.78) (0.47) (0.74) (0.72) (0.72) (0.72) (0.60) (0.81)
155-159 6.78 7.14 7.41 8.20 7.29 6.58 6.83 7.27 8.02 7.19
(1.00) (0.65) (0.66) (0.73) (0.72) (0.63) (0.73) (0.72) (0.66) (0.82)
160-164 6.94 7.16 7.38 8.19 7.33 6.65 6.88 7.31 8.01 7.28
(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 8.26 7.43 6.90 6.86 7.34 8.03 7.36
(0.60) (0.66) (0.62) (0.75) (0.74) (0.69) (0.73) (0.64) (0.68) (0.79)
>169 6.98 7.21 7.51 8.34 7.58 6.56 6.84 7.34 8.07 7.39
(0.62) (0.59) (0.63) (0.78) (0.77) (0.94) (0.70) (0.63) (0.65) (0.79)
Total 6.95 7.18 7.48 8.31 7.50 6.65 6.83 7.29 8.02 7.26
(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

Standard deviations are in parentheses.

1. A dummy variable that is 1 when the person did
not go to work at least 1 day in the previous month
because of illness (incidence of disability);

2. The number of days the person was disabled in the
previous month? (duration of disability); and

3. Height of individual (measured in centimeters).

The “number of days disabled” uses the threshold of
inability to work to make the sickness less subjective and
adds the information on how long the individual is inca-
pacitated, although much of the information is contained
in the first binary variable “disability.” However, as the
empirical results show, both variables explain more or
less the same facts. On the other hand, height for adults
is used as an indicator of child nutritional status, expo-

2 persons who were not disabled in the previous month had a
value of 0 in this variable.

sure to diseases, and variation in other environmental
factors (Schultz, 1997).

The equation was estimated with and without domes-
tic servants but the parameters did not differ.?2 Similarly,
the model was estimated separately for wage earners and
self-employed persons without uncovering many inter-
esting differences. These factors are summarized in terms
of two dummy variables: one for domestic service and
one for wage earners. The working assumption is that
they are exogenously determined. Similarly, although in
estimating Equation 1 the human capital variables may
be correlated with the error, education is treated as an
exogenous variable. The earnings function was estimated
separately for men and women, taking into account that
some of the health status and control variables may dif-

2 The coefficients of all the other variables except for the inter-
cept are the same when domestic servants are included and excluded
from the sample.
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TABLE 5. Hourly earnings equations: dependent variable log(hourly earnings).?

Male
Urban Rural
Individual variables® (1) (2) (3) 4) (5) (6) (7) (8) 9) (10) an
[1] Age 0.069* 0.069* 0.069* 0.069* 0.057* 0.056* 0.057* 0.036* 0.036* 0.036* 0.036*
(25) (25) (25) (25) (16) (16) (16) (6.9) (7) (7) (6.9)
[2] Age squared/1000 -0.674* -0.675* -0.675* -0.675* -0.507* -0.502* -0.504* -0.349* -0.352* -0.352* -0.350*
(20) (20) (20) (20) an an an (5.6) (5.7) (5.7) (5.6)
[3] Years of schooling 0.087*  0.087* 0.087* 0.087* 0.098* 0.095* 0.095* 0.078* 0.078* 0.078* 0.078*
(61) (61) (61) (61) (76) (71) (71) (19) (19) (19) (19)
[4] Dummy salaried worker ~ 0.003 0.003 0.003 0.003 -0.070* -0.068* -0.067* 0.210* 0.210* 0.210* 0.210*
(person earns awage =1)  (0.23) (0.24) (0.24) (0.23) (6) (6) (6) (8) (8) (8) (8)
[5] Dummy domestic -0.326*% -0.311* -0.312*
servant = 1 3) (2.9) (2.9)
[6] Number of days 0.200 0.865 0.400 -0.221
disabled/100 (0.89) (1.38) (0.99) (0.21)
[71 (Number of days -0.292 0.278
disabled)?/10° (1.14) (0.63)
[8] Dummy disabled = 1 0.028 0.021
(1.07) (0.45)
[9] Height/100 0.782 -9.02*
(8.7) (3.7)
[10] Height*/10* 2.88*
(4)
[11] Intercept 4.160 4.159 4.158 4.159 5.397 4.201 12.430 4.496 4.492 4.493 4.495
Test joint significance
[T]-[2] 607* 607* 607* 607* 698* 715% 712% 49* 49* 49* 49*
Test joint significance [6]-[7] 1.88 0.05
Test joint signiﬁcance [9]-[10] 46*
Maximum In(w)
attained at age 51.09 50.95 50.95 51.06 55.79 56.21 56.07 52.19 51.52 51.52 52.13
Critical In(w) attained at
days disabled 14.83 3.97
Critical In(w) attained at
height 156.75
Adjusted R? 0.20 0.20 0.20 0.20 0.33 0.33 0.33 0.08 0.08 0.08 0.08
Number of observations 18,666 18,666 18,666 18,666 13,721 13,721 13,721 4,966 4,966 4,966 4,966

Sources: ENH -91 for columns 5, 6, 7, 16, 17, and 18. CASEN (excluding domestic servants) for all others.
*Hourly labor income measured in pesos of the year of the survey. A 1991 peso is equivalent to 1.53 pesos of 1993.

fer by sex, especially height. The earnings function was
also estimated separately for rural and urban areas, al-
though they are linked by the choice of migration.

The hourly earnings regressions are shown in Table 5.
A surprisingly weak correlation is observed between
wages, the number of days disabled, and disability. The
variables are not significant and do not even have the
expected signs. Otherwise, the basic logarithms of earn-
ings regressions are plausible. Because the health vari-

ables may be simultaneously determined and measured
with error, a next step of instrumenting for health status
is undertaken. The model is also estimated excluding the
health variables from the right-hand side of Equation 1.
Note that inclusion of health variables in the regressions
does not alter the returns to education.

The regressions with height show that this variable is
significant and has the correct sign. Height benefits men’s
earnings more than women’s earnings (comparing the
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Female
Urban Rural
Individual variables® (12) (13) (14) (15) (16) 17) (18) (19) (20) 21 (22)
[1] Age 0.074* 0.074* 0.074* 0.074* 0.047* 0.047* 0.047* 0.047* 0.047* 0.047* 0.047*
(16) (16) (16) (16) (10) (10) (10) 3) 3) 3) 3)
[2] Age?/10° -0.705* -0.705* -0.704* -0.705* -0.429* -0.424* -0.420* -0.421* -0.421* -0.420* -0.417*
(13) (13) (13) (13) (6.8) (7) (7) (2.5) 3) (2.5) (2.5)
[3] Years of schooling 0.106*  0.106* 0.106* 0.106* 0.096* 0.095* 0.095* 0.102* 0.102* 0.102* 0.102*
(47) (47) (47) (47) (55) (53) (53) (1 (1 (1 (1
[4] Dummy salaried worker 0.211*  0.211*  0.211*  0.211*  0.141*  0.139*  0.139* 0.276* 0.276* 0.274* 0.274*
(person earns a wage = 1) (11) (11) (11) (11) (8) (8) (8) (4) (4) (4) 4)
[5] Dummy domestic -0.322* -0.317* -0.303*
servant = 1 (14) (13) (13)
Health variables
[6] Number of days 0.297  -0.601 0.004  -1.532
disabled/100 (0.92) (0.73) (0.0 (0.63)
[7] (Number of days 0.411 0.738
disabled)’/10° (1.18) (0.69)
[8] Dummy disabled = 1 0.010 -0.055
(0.30) (0.5)
[9] Height/100 0.48* 10.08*
(4.7) (3.1
[10] Height*/10* -2.99*
(2.9)
[11] Intercept 3.488 3.487 3.490 3.487 5.294 4.542 -3.143 3.890 3.889 3.896 3.899
Test joint significance
[1]-[2] 607* 607* 607* 328* 262* 265* 267* 17* 17* 17* 17*
Test joint significance
[6]-(7] 1.88 0.50
Test joint significance
[91-[101] 15%
Maximum In(w) attained
at age 52.21 52.39 52.28 52.36 54.82 55.17 55.43 56.44 56.43 56.41 56.66
Critical In(w) attained at
days disabled 7.32 10.39
Critical In(w) attained
at height 168.43
Adjusted R? 0.25 0.25 0.25 0.25 0.35 0.35 0.35 0.12 0.12 0.12 0.13
Number of observations 10,464 10,464 10,464 10,464 9,332 9,332 9,332 1,299 1,299 1,299 1,299

Sources: ENH -91 for columns 5, 6, 7, 16, 17, and 18. CASEN (excluding domestic servants) for all others.
aHourly labor income measured in pesos of the year of the survey. A 1991 peso is equivalent to 1.53 pesos of 1993.
bt statistics are in parentheses.

*Statistically significant.

coefficient of the linear term for males and females). Qua-
dratic terms in height and in number of days disabled
are included to check for nonlinearities, and only height
and height squared are significant. Along the relevant
interval of height (1.35 to 2 m), the productivity effects of
height were always increasing and convex. In additional
regressions (not included), it was found that height and
education are positively correlated in Colombia, so that,
when controlling for education, the coefficient of height

drops markedly.? Estimations of the model for the whole
sample with a gender dummy indicated that being fe-
male is negatively related to productivity, a result that
had already been found in other studies (Ribero and
Meza, 1997). Similarly, rural areas have lower produc-

% |n similar earnings equations, the coefficients of height/100
without education were 2.1 and 1.5 for men and women, respec-
tively. When education is included, they drop to 0.71 and 0.47, re-
spectively. These coefficients are significant.
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tivity, a result also previously documented by Leibovich
et al. (1997). The age variables are significant and have
the expected signs.?

Being a salaried worker exerts different effects in the
two data sources. With the survey of 1993, which includes
urban and rural sectors (CASEN), a salaried worker has
higher wages. The variable is positive and significant for
rural males and females and for urban females, but it is
not significant for urban males. In the urban survey of
1991 (ENH-91), the effect of being a salaried worker is
negative for males and positive for females. Domestic
servants have systematically lower earnings.®

Hourly Earnings Equations with Selection
Bias Correction

When an earnings equation is estimated to calculate the
returns to human capital in the population based on only
asample of individuals who are participating in the mar-
ket, the estimated returns may be biased (Heckman, 1979).
The selection bias may be particularly serious in estima-
tions of female earnings, because relatively fewer women
decide to enter the labor force. If other variables that de-
termine the decision of participation and are unrelated
to the market wage offers are observed, it is possible to
obtain corrected estimates of the returns to human capi-
tal by joint estimation of the probability of receiving posi-
tive earnings and Equation 1.

The econometric model to estimate has the following
two parts:?

1. Probit for labor force participation (selection
mechanism):

7, =1if 4 >0
7, =0ifz/'<0

Prob(z; = 1) = ®(y'p;)

Prob(z; =0) =1 -®(y'p;) &)
where z, = 1 when individual i participates in the labor
market, and z, = 0 when individual i does not participate

in the labor market. @ is the standard normal cumulative
distribution function, the error term u is assumed to be

z =y'p; +y;

% When the regressions involve quadratic terms in the explana-
tory variables and the coefficients are significant, the critical values
are reported at the bottom of the tables. These are calculated by
differentiating totally the fitted equation of the model with respect
to the variable of interest, equating the derivative to 0, and solving
for the optimal value.

% When the model was estimated with the domestic servants in
the CASEN sample and the dummy for domestic servants (these
regressions are not reported), the same pattern was found, but the
variable is not significant for rural males.

% The model is based on Greene (1997).

distributed with mean 0 and variance 1, i refers to indi-
viduals, and y’ are the parameters estimated in the probit
model. The variables p, determine the decision of partici-
pation and are exogenous to the market wage offer. In
theory, the individual will enter the market if the wage
offer he or she receives is higher than his or her reserva-
tion wage. It is theoretically appealing to consider vari-
ables such as nonlabor income as determinants of the
probability of working, because those variables determine
the reservation wages of individuals and may affect their
entrance into the labor market.

2. Hourly earnings equation:
log(w;) =a+ 3 b;X; +3c,Cy
+>d,Hy +f;, observed if z; =1

(u;, f;) ~ bivariate normal(0, 0, 1, 6%, p) (3)

The hourly earnings in Equation 3 are equal to that in
Equation 1, but it is observed only when the individual is
a participant in the market. g, is the standard deviation of
the error termf, and p is the correlation coefficient between
the error terms u and f. The variables z, and p, are observed
for arandom sample of individuals, but log(w,) is observed
only when z, = 1. The model to estimate is as follows:

Ellog(wj)lz; =1l =a + 3b;X;i +3¢,Cy
+2dyHyi +posA(Y'Pi) 4

where A(y'p,) = ¢(y'p,)/ ®(y'p,) and ¢ is the standard nor-
mal probability density function.

Besides age and education, the additional variables
used to explain participation in the labor force p, were
nonlabor income,? the dummy for living in a house or
apartment,® a dummy variable for having adequate
floors® in the house, and a dummy for owning the house
where the individual lives.*® These variables proxy the

2 Nonlabor income is defined as the sum of four variables in the
survey. The actual question in the survey is: did you receive money
in the last month from any of the following sources: a) interest (yes,
no, amount), b) rent (yes, no, amount), ¢) pensions or retirement ben-
efits (yes, no, amount), and d) monetary assistance (yes, no, amount).
Because nonlabor income was not a very powerful instrument for
explanation of participation in the labor force, other housing vari-
ables were used as proxies for wealth. Note that nonlabor income is
measured at the level of the individual and not for the family.

% The survey question for “tipo de vivienda” (type of housing)
has four options: a) “casa” (house), b) “apartamento” (condominium
or apartment), ¢) “cuarto o cuartos” (room or rooms), and d) “otro:
vivienda moévil, refugio natural, carpa, etc.” (other: trailer, natural
shelter, tent, etc.). The dummy built here takes the value 1 when the
answer is a or b and 0 when the answer is c or d.

2 Adequate floors are defined as those made of tile, brick, carpet,
marble, or hardwood. The alternatives were cement and dirt
(“tierra”).

¥ This variable, called “owner-occupied housing,” isa dummy vari-
able equal to 1 if the individual lives in a house that is owned by him
(her) or his (her) family, and 0 if he (she) lives in a rented or other place.
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individual’s nonhuman wealth and are expected to re-
duce his or her likelihood of participating in the labor
force. When the coefficient of the A value is positive and
significant, the unobservables that contribute to the prob-
ability of participation are positively associated with re-
ceiving higher market earnings for reasons not accounted
for in the earnings equation. When the coefficient for A is
negative and significant, the opposite happens. It is not
obvious a priori what sign to expect for A.

The results of this estimation for females are shown in
Table 6. The variables explaining participation in the la-
bor force are significant and have the expected signs. The
nonlabor income and the other proxies for wealth dimin-
ish the probability of participation for the rural and ur-
ban samples, except for adequate floors in the rural
sample.

The returns to schooling in Table 6 are basically equal
to those shown in Table 5 for the urban areas,® but they
are smaller (less than one-third) for the rural areas. The
significance of the coefficient for A indicates that the re-
turns to schooling estimated without the Heckman cor-
rection 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 Equa-
tions 2 and 3 constant, are those who are paid less.

The productivity effects of disability remain nonsig-
nificant after the correction. 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 parameter A is significant in
the specifications of columns 5, 7, and 8 but remains in-
significant for the others.*

The model was also estimated for males, but these
results are not reported. 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, which implies no sample selection
bias. In the absence of selection bias, the uncorrected
estimates are more efficient as well as consistent
(Heckman, 1979).

Health Equations
In this subsection the determinants of the observed health

outcomes are explored. Using information on an
individual’s education and wealth, local prices (O), and

31 Note that in these cases the coefficient for A is not significant.

3 Although the correction for selection bias was found relevant
in some cases, in the rest of the paper it is ignored because it is
particularly difficult to implement instrumental variables together
with selection bias correction.

the community health infrastructure prices and policies
(P), the model tries to account for the individual indica-
tors of health status (H). The estimated equation is as
follows:

Hi =g+ 3¢ X, +3h;0;i +3nP +t ®)

where g, ¢, h, and r are estimable parameters; t is the er-
ror term; |, j, and k index the sets of exogenous endow-
ments to the individual (X), private opportunities (O),
and public policies (P), respectively; and i indexes the
individual. Equation 5 was estimated with probit mod-
els when the health variable was the dichotomous vari-
able for disability. The model was estimated with ordi-
nary least squares (OLS) when the health variables were
“number of days disabled in the last month”* and
“height.”

When the health variables are “disability” and “num-
ber of days disabled in the last month,” the data are ru-
ral and urban for the year 1993. Age of the individual is
specified as an exogenous endowment.?* Considering
that wealth might shift health outcomes positively
(given that wealthier individuals have more resources
to spend on health), nonlabor income and a dummy to
indicate the type of housing® were specified as indi-
vidual private opportunities (O). With data from CASEN
and from other sources,® a list of variables to describe
the community-specific environment (P) was matched
to sample clusters. The variables P are defined for 52
regions (approximately twice the number of departa-
mentos, because most of the regions have rural and ur-
ban areas).’” At the municipality level, characteristics
that were expected to be related to the health outcomes
were climate,® availability of health centers, enroliment
in social security,® transportation infrastructure, trans-
portation time to reach hospitals, transportation time
to reach schools, and availability of water and electric-
ity. Among those, few result in significant correlations
and some have a counterintuitive sign. At the departa-
mento level, the only significant variable was the num-

3 Because the variable is truncated at 0 and 30, Tobit models were
also, but the results do not differ substantially from the OLS.

3 Because older individuals tend to have lower levels of health,
age and age squared were taken into account to capture possible
diminishing returns.

% The same variable “lives in house or apartment” defined in the
second subsection.

% The Ministry of Health and the Instituto Geografico Agustin
Codazzi.

37 Some regions are urban only and others are rural only.

3 Altitude, temperature, and average yearly rainfall for each
municipality.

% 1n 1993, approximately 25% of urban residents and 8% of rural
residents were affiliated with or beneficiaries of the Social Security
Institute for health services, 10% of the Colombian population used
private health care, and 5% were covered by other services.
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TABLE 6. Heckman selection model, female.

Urban Rural
Probit’ Earnings? Earnings Probit Earnings Probit Earnings  Earnings
(1) ) (3) 4) (5) (6) (7) (8)
Individual variables®
1-Age 0.127* 0.083* 0.083* 0.286* 0.099* 0.066* -0.016 -0.016
(35.63) (12.80) (12.82) (41.37) (24.97) (8.20) (1.04) (1.05)
2-Age squared/1,000 —-1.558* -0.826* -0.826* -3.551* -1.040 -0.693* 0.244 0.248
(35.26) (10.17) (10.18) (38.60) (20.10) (7.22) (1.35) (1.37)
3-Years of education 0.051* 0.106* 0.106* -0.014* 0.090* 0.062* 0.032* 0.032*
(22.64) (37.90) (37.93) (4.24) (66.64) (9.43) (2.78) (2.79)
4-Dummy salaried worker 0.224* 0.224* -0.032* 0.155* 0.155*
(person earns a wage = 1) (11.72) (11.70) (2.79) (2.25) (2.25)
5-Dummy domestic servant = 1 -0.700* -0.700* -0.029 -0.580* -0.579*
(25.49) (25.46) (0.26) (6.33) (6.31)
6-Non-labor income/10° -0.946* -1.160* 0.161
(6.69) (11.37) (0.28)
7-Dummy lives in house -0.135* -0.366*
or apartment = 1 (a) (3.63) 4.11)
8-Dummy adequate floor (b) -0.009 0.103*
(0.49) (2.02)
9-Dummy owner ocuppied house (c)  0.021
(1.24)
Health variables
10-Number of days disabled/100 -0.480 -1.543
(0.61) (0.71)
11-Number of days 0.302 0.821
disabled squared/1,000 (0.92) (0.87)
12-Dummy (disabled = 1) 0.004 -0.032
(0.14) (0.33)
13-Height/100 -0.986*
(5.89)
14-Height squared/10* 0.515*
(7.98)
15-Intercept -2.653 3.225 3.222 -3.970 4.764 -1.865 7.099 7.102
16-Lambda 0.113 0.114 0.404 -1.291 -1.292
(0.06) (0.06) (0.02) (0.08) (0.08)
Critical values
Max. dependent variable attained
at age 40.87 50.46 50.45 40.26 47.64 47.74 32.85 32.75
Min. In(w) attained at height 95.68
Rho 0.131 0.132 0.628 -0.851 -0.851
Sigma 0.865 0.865 0.643 1.518 1.519
Log. likelihood -32807 -32807 -19395 -5200 -5200
Number of observations 27,292 11,956 11,956 16,974 9,824 5,390 1,472 1,472

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

"Dependent variable: participation in labor force.
*Dependent variable: log (hourly earnings)
3Z-statistic in brackets

*Statistically significant

(@) Type of housing: rents or owns house or apartment = 1; rents room or other = 0
(b) Floors made of tile, brick, marble, hardwood, or carpeted = 1; otherwise = 0

(c) Figure in brackets for lambda is standard error

ber of yearly transfers from the central government to
the departamento for health.*

Regional differences are very important in Colombia.
Levels of earnings, formality of labor markets, and levels

4 Other variables that were available but not included in this
final model were the number of primary and secondary schools,
the number of hospital beds, average times to reach schools, and
average hours spent in schools daily.

of education and health are generally worse in coastal
regions than in the interior. The Pacific Coast in particu-
lar is known to be the poorest region in the country. Al-
though the variable altitude may capture some of these
regional differences,* cultural, racial, and institutional
differences that persist among these regions go beyond

4 Coastal regions are closer to sea level
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the climate. To capture some differences due to these el-
ements, two regional dummy variables were introduced:
one for living in a Pacific Coast departamento and one for
living in an Atlantic Coast departamento.*?

When height is used as a health indicator, data are only
for the urban population in 1991.4 At the individual level
the model controls for age,* nonlabor income, and a
dummy to indicate owner-occupied housing.* The vari-
ables that capture environmental health risks (P) are two
indicators constructed at the city level from ENH-91. The
first one measures availability of basic services in the
households of the community where the person lives.*
The second one measures percentage of houses in the
community that are not overcrowded. City and strata
define the communities or sample clusters for urban
areas.

The estimation results are presented Table 7. Age is an
important factor that explains the three health indicators,
with older individuals tending to have worse health. The
coefficients of age and age squared are individually sig-
nificant for the number of days disabled and jointly sig-
nificant for the probability of having a disability.*” The
negative effects of age on health are greater in rural than
in urban areas and among females than males. Nonlabor
income is not significant, but the wealth proxy “living in
a house or apartment” is negatively related to the num-
ber of days disabled and to the incidence of disability,
and it is significant in the urban samples. Home owner-
ship is positively related to height. These results coin-
cide with the intuition that wealthier individuals tend to
have better health, controlling for the individual and com-
munity characteristics listed in Table 7.

The number of hospitals or clinics per capita is not sig-
nificant, except for the explanation of the number of days
disabled for the male urban sample. In this case, how-
ever, this variable has a counterintuitive sign that implies
that more hospitals or clinics per capita lead to more days
disabled in this subsample.

In rural areas, the model shows the expected negative
sign for the variable “percentage of people directly en-

“2 The reference category was living in the interior.

4 It was impossible to find for 1991 the same information found
for 1993 at the municipality level.

“ Age is more important for height than for the other health
outcomes.

% The same variable “owner-occupied housing” defined in the
second subsection.

4 The availability in the community of each basic service sepa-
rately was insignificant. The variable used here, which aggregates
the availability of the three basic services (electricity, water, and
sewerage) in the households, provided significant estimates.

47 Estimation of this model only with a linear term for age showed
that one additional year of age increases the probability of having
disability by 0.6% and 0.8% for urban males and females, respec-
tively, and by 1.1% and 1.3% for rural males and females, respec-
tively. These regressions are not reported.

rolled in or beneficiaries of social security,” and it is sig-
nificant when the health outcome is the number of days
disabled. The econometric model reveals that a 10% in-
crease in the percentage enrolled reduces the mean dis-
ability for aman in rural areas by more than 0.2 day. With
that same increase, the incidence of disability for rural
females is reduced by 2 percentage points. In urban ar-
eas, however, the “percentage of people directly enrolled
or beneficiaries of social security” has a positive coeffi-
cient on disability, although theoretically access to social
insurance is expected to improve health. This may be
because in urban regions more individuals are affiliated
with social security;*® they may tend to report more dis-
abilities because they can more readily access diagnostic
services and not necessarily because they are more fre-
quently ill.

The coverage of electricity was expected to affect health
outcomes, because almost all households in rural areas
have access to potable water,* but the coverage of elec-
tricity remains low.*® However, electrification did not
show any significance. Climate variables such as alti-
tude® were significant in the rural samples for the num-
ber of days disabled, with a negative sign, which implies
that health tends to be better in places with higher alti-
tude. The negative sign of the coefficient for altitude was
expected, given that regions closer to sea level are more
humid and the prevalence of communicable diseases is
more common. This coincides with a general perception
that people who live in the lowlands in Colombia are less
healthy (Rosenzweig and Schultz, 1982b).5? Estimations
with altitude and altitude squared (these regressions are
not reported) suggested that nonlinearities in the effect
of altitude on our health indicators are not strong.

The distance in kilometers between the municipality
and the capital of the departamento® is an approximation
of commuting time or the price of metropolitan health
services. This variable was significant only for the expla-
nation of the number of days of disability in the rural

8 Only 8% of the rural labor force is covered by social insurance
compared with 25% of the urban labor force.

4 Usually the houses are built in places close to potable water
sources (rivers, creeks, or irrigation systems).

% Because electricity allows households to have a refrigerator and
keep food in safer conditions and also helps to make public health
programs more widely known through television, it maybe a more
powerful explanatory variable than potable water in rural areas.

% When the model is estimated with temperature instead of alti-
tude the results are very similar. The reader has to take into account
that Colombia’s proximity to the equator implies a strong correla-
tion between temperature and altitude.

%2 They find that altitude and altitude squared are significant in
the determination of child mortality and that child mortality is lower
in regions with higher altitudes.

3 1t would have been more useful to have the commuting time to
the nearest hospital or medical center, but unfortunately this infor-
mation was not available.



TABLE 7. Individual Health Production Functions(a).

Dependent health variable: Dummy disabled(b) Number of days disabled Height
Region: Urban Rural Urban Rural Urban
Gender: Male Female Male Female Male Female Male Female Male Female
(1) (2) 3) (4) (5) (6) (7) (8) 9) (10)
Individual variables
1-Age -0.004 0.013 0.005 —0.004( -0.013 0.013 -0.029 -0.070 0.088* 0.119*
(0.62) (1.32) (0.42) 0.16) (1.46) (0.97) (1.59) (1.74) (2.31) (2.47)
2-Age squared/1,000 0.136 -0.058 0.075 0.204 0.311*  -0.009 0.608* 1.205* -1.989* —2.514*
(1.58) (0.49) (0.55) (0.74) (2.84) (0.05) (2.80) (2.56) (4.04) (3.90)
3-Dummy type of housing (rents or owns house -0.215*  -0.280*  -0.182 -0.166 -0.131 -0.355*  -0.270 -0.060
or apartment = 1; rents room or rooms or other, (3.58) (3.54) (1.14) (0.58) (1.62) (2.89) (1.04) (0.13)
e.g., squatter = 0)
4-Dummy owner occupied housing (house or 0.29* 0.32*
apartment is own = 1; rented or other = 0) (2.41) 2.11)
5-Non-labor income/10° © 0.012 0.308 0.447 1.049 0.167 0.809 -1.256 -0.893 -7.21 —66.1
(0.09) (1.19) (0.59) (0.69) (0.97) (1.90) (0.93) (0.30) (0.40) (1.85)
Municipality variables
6-Hospitals/clinics per capita* 1,000 0.592 0.045 0.270 0.014 1.425%  -1.167 -0.030 0.074
(1.53) (0.08) (0.86) (0.02) (2.78) (1.57) (0.06) (0.63)
7-Community % of people directly enrolled or 0.497* 0.79* -0.731 -2.05* 0.482  -0.109 -2.115* -3.101
beneficiaries of social security (1.96) (2.56) (1.24) (1.98) (1.57) (0.26) (2.30) (1.87)
8-Community % of households with electricity 0.151 0.011 0.130 -0.086 -0.034 0.243 0.239 -0.306
(0.51) (0.03) (0.90) (0.36) (0.11) (0.44) (1.04) (0.71)
9-Altitude (in mts above sea level)/100,000 -0.57 -2.08 —6.67 -10.56 -2.201 -3.95 -11.98* —27.04*
(0.25) (0.79) (1.65) (1.54) (0.79) (1.10) (1.91) (2.42)
10-Distance to “capital” of “departamento” in 0.206 0.272 0.441 -0.052 0.004 0.262 1.251* -1.098
km/1,000 (1.14) (1.32) (1.17) (0.07) (0.02) (0.87) (2.16) (0.94)
11-Community % of houses with basic services: 7.002* 0.495
electricity, water, sewage (4.40) (0.32)
12-Community % of houses with adequate 10.84* 11.70*
number of rooms per person (14.14) (12.51)
13—(Non-labor income/1,000,000)* (Community 9.60 76.50*
% of houses with adequate number of (0.49) (2.04)
rooms per person
Departamental variable
14-Transfers per capita from central government -2.474 -4.803 16.368  -28.591 -6.678  —2.524 14.257 23.118
to “departamento” for health (0.82) (1.25) (0.70) 0.61) (1.88) (0.55) (0.40) (0.32)
Individual regional variables?
15-Dummy (lives in Atlantic Coast = 1) 0.052 0.079 -0.084 -0.001 -0.019 -0.083 -0.257* —0.432
(1.19) (1.45) (1.02) (0.01) (0.36) (1.13) (2.07) (1.65)
16-Dummy (lives in Pacific Coast = 1) 0.047 0.147* 0.211* 0.574* 0.019 0.249* 0.314* 0.872*
(1.02) (2.89) 2.79) (4.34) (0.33) (3.42) (2.59) (4.03)
Intercept -1.780 -1.826 -1.816 -1.107 0.527 0.188 0.827 1.940 159.37 149.31
Test of joint significance Var. 3 to Var. 16 22.67* 34.07* 15.95 28.19* 1.68 3.41* 2.22% 2.99* 68.06* 43.05*
Prob > F or Prob > chi? 0.01 0.00 0.10 0.00 0.08 0.00 0.01 0.00 0.00 0.00
Log likelihood -3965 -2613 -1224 -356
Adjusted R squared 0.007 0.011 0.021 0.056 0.004 0.005 0.014 0.038 0.033 0.032
Number of observations 18,666 10,464 4,966 1,299 18,666 10,464 4,966 1,299 13,721 9.332

Sources: ENH-91 for columns (9) and (10); CASEN for all others.
@ Econometric models used: probit for dummy disabled; OLS for number of days disabled and for height.

b z-statistics in brackets columns (1) to (4) and t-statistics in brackets for other columns.

© Monetary variables (5, 13, and 14) are in 1993 pesos for columns (1) to (8) and in 1991 pesos for columns (9) and (10). A 1991 peso is equivalent to 1.53 1993 pesos.

4 Reference interior.
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male sample; more distance to the capital of the depar-
tamento implies more days of disability. Itis intuitive that
distance is significant for a rural sample because urban
areas usually have at least one health center, whereas
rural individuals have to commute to find one. However,
itis difficult to find an economic explanation for the gen-
der difference in this result.

In addition to the other factors taken into account in
Table 7, living on the Pacific Coast contributes positively
to disability and to the number of days disabled for all
females (rural and urban) and for rural males. People who
live in that region experience an average of 0.25-0.87 ad-
ditional day disabled. The dummy variable for the At-
lantic Coast was significant in reducing the number of
days disabled for the rural male sample, but it did not
contribute in a special way to individual health in the
other samples. When the models were estimated with-
out the regional dummies, the other coefficients were very
similar.%

The estimations for height by gender are shown in col-
umns 9 and 10 of Table 7. Height increases with age until
around 23 years, and then begins to decrease. The shape
of a graph with height on the y axis and age on the x axis
with the coefficients from Table 7 is an inverse U, which
indicates that height is subject to diminishing returns to
age—i.e., for older individuals an additional year implies
a larger decrease in height than for younger individuals.
This behavior was expected from the analysis of the de-
scriptive statistics included in the third section. The height
patterns are further explored in Table A3 in the Annex.
Disaggregating by sex, a regression is first reported on
age as a linear and then as a quadratic function to quan-
tify the trend of improvement in height and nutrition,
holding nothing else constant. The trend indicates that
cohorts 1 year older have 0.06 cm less stature, and that is
more or less the same for males and females. A woman
with 1 additional year of schooling is expected to be
0.3 cm taller and a man is expected to be 0.4 cm taller,
holding only age constant. When other individual vari-
ables 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 is his or her health status indi-
cator. The “percentage of houses in the community with
basic services” is significant to explain heights of indi-
viduals and it has a positive sign. To live in a community
with a high level of basic services contributes to more
height for the individual, although the coefficient is sig-

% These regressions are not reported.

nificant only for males. Similarly, the supply of adequate
housing, measured by the “percentage of houses in the
community with adequate number of rooms per person,”
is associated with better health outcomes for individu-
als, 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 “percentage of
houses with adequate number of rooms per person” is
significant and positive, indicating that nonlabor income
and the adequacy of houses in the community are
“complements.”® In parallel 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.*”

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 5% level. Only
in columns 3 and 5 can the null hypothesis be rejected at
the 10% level.

Hourly Earnings Equations with Instrumental
Health Variables

In this section, the earnings function (Equation 1) is reesti-
mated because the human capital health stocks (H) may be
correlated with the earnings error or be measured with er-
ror, imparting bias to single equation estimates of the earn-
ings equation. These problems are solved by estimating
Equation 1 with IV methods. The estimated equation is

log(w;) =a+ 3b;Xji + 3¢,Ci + XdyHpi +  (6)

where w, is the hourly earnings, X; contains only exog-
enous endowments, C,; are forms of human capital, and
H, are the endogenous health status indicators. The
health status variables are assumed to be endogenous
because they result from a process that involves indi-
vidual resource opportunities, local prices (O), and com-
munity prices and policies (P). H,” are computed using
the estimated parameters from the preceding subsection

Hi'=§+3¢X; + ZhiOji + 3P (7)

% The interaction is similar to the one between mother’s education
and program treatment mentioned by Rosenzweig and Schultz (1982a).

% See Schultz (1984): the fact that they are complements means
that having adequate housing in the community does not reduce
the lower health caused by a lack of nonlabor income.

57 The regressions are not included in the paper. The estimated
coefficient of “nonlabor income/10°” in the height female regres-
sion was 6.60 (t statistic = 2.68). For males, the coefficient was 1.72 (t
statistic = 2.24).

% All except age and age squared.
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TABLE 8. Hourly earnings equations, health instrumental variables; dependent variable, log (hourly earnings).

Urban Rural
Male Female Male Female
(1) ) 3) (4) (5) (6) 7) (8)
Individual variables
1-Age 0.070* 0.070* 0.075* 0.068* 0.026* 0.026* 0.036* 0.034*
(21.3) (21.3) (15.5) (13.2) (4.49) (4.50) (2.29) (2.09)
2-Age squared/1,000 -0.072* -0.714* -0.704* -0.601* -0.143* -0.150* -0.238 -0.201
(14.8) (15.1) (11.4) (9.0) (1.85) (1.93) (1.22) (1.00)
3—Years of education 0.087* 0.087* 0.106* 0.105* 0.075* 0.074* 0.100* 0.101*
(62.1) (61.6) (47.9) (47.2) (18.1) (17.97) (11.8) (11.73)
4-Dummy salaried worker 0.003 0.002 0.211* 0.209* 0.191* 0.190* 0.262* 0.259*
(person earns a wage = 1; (0.2) (0.11) (9.6) (9.53) (7.32) (7.19) (3.77) (3.67)
owns a business = 0)
L.V. Health variables?
6-Fitted number of days 8.756 -96.027* -6.780 -90.633* -32.930* -3.555 -13.475%* 0.545
disabled/1,000** (0.98) (3.98) (1.14) (4.36) (5.04) (0.09) (2.04) (0.03)
7—Fitted number of days disabled 51.104* 42.780* -12.968 -7.965
squared/1,000** (4.45) (4.22) (0.79) (0.74)
Intercept 4.1 4.2 3.5 3.7 4.8 4.7 4.1 4.1
Critical values
Max In(w) attained at age: 49.81 48.81 53.05 56.18 89.90 85.59 75.70 83.67
Critical In(w) attained at days: 9.40 10.59 -1.37 0.34
Adjusted R-squared 0.20 0.20 0.25 0.09 0.09 0.12 0.13
Joint test Var. 1 & Var. 2 450* 416* 232% 226* 59%* 48* 16* 16*
Joint test Var. 6 & Var 7 13* 11* 15%* 2%
No. of observations 18,666 18,666 10,464 10,464 4,966 4,966 1,299 1,299

Sources: ENH-91 for columns (13) to (16); CASEN for all others.
Instrumental variables for health indicators based on models from Table 7.
*t-statistics for robust standard errors in brackets.

**Squared fitted variables are computed running first stage regressions on the quadratic term and using that auxiliary equation to predict squared fitted. Auxiliary

regressions included in Table A-4.

The identifying instruments used to predict H" are in-
cluded in the environmental variables P and O.%®

Table 8 reports the estimation results for the model with
instrumental variables for health variables. This was done
for rural and urban areas and by gender separately.®® The
pattern of effects of the health indicator changes signifi-
cantly with the IV method, and health variables are
now more significant and affect wages in the expected
directions.

For the dummy variable disability, the effects become
negative and significant for all the samples, although they

% The squared endogenous variables are computed by running
first-stage regressions on the quadratic term and using that auxil-
iary regression to predict the squared endogenous variable. The
auxiliary regressions are included in Table A4 in the Appendix.

% Given that the percentage of domestic servants is only 4.6%,
the model with disability and number of days disabled was esti-
mated excluding domestic servants.

are more significant for males than for females.®* This is
the expected sign for this variable and it was not observed
in the estimations without IV methods shown in Table 5.
The effect of number of days disabled on earnings is nega-
tive and significant for rural samples, and the size of the
coefficients indicates that one additional day of disabil-
ity reduces male earnings more significantly than female
earnings. In the urban samples, the pattern for In(w) de-
picted by the coefficients of the quadratic specification
for number of days disabled is U-shaped. The returns to
the number of days disabled decrease in the first 9 (for
males)® or 11 (for females) days of disability. For more

& The endogenous probability of disability for urban and rural
females is significant at the 10% level.

82 The critical values reported in the tables are calculated by dif-
ferentiating totally the fitted equation of the model with respect to
the variable of interest, equating the derivative to 0, and solving for
the optimal value.
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TABLE 8. (continued)
Urban Rural
Male Female Male Female
9) (10) (n (12) (13) (14) (15) (16)
Individual variables
1-Age 0.067* 0.076* 0.038* 0.045* 0.049* 0.056* 0.038* 0.037*
(22) (16) (6.9) 3.1 (13) (13) (7.2) (6.7)
2-Age squared/1,000 -0.634* -0.713* -0.313* -0.366* -0.357* -0.497* -0.260* -0.240*
(16) (11) 4.7) 2.1 (7.1) (8) (3.5) (3.0)
3—Years of education 0.087* 0.106* 0.076* 0.101* 0.091* 0.091* 0.090* 0.090*
(62) (48) (19) (11.9) (62) (62) (47) (46)
4-Dummy salaried worker 0.003 0.212* 0.201* 0.268* -0.069* -0.072* 0.141* 0.140*
(person earns awage = 1; (0.21) (10) (8) (3.88) (5.51) (5.74) (7) (7)
owns a business = 0)
5-Dummy domestic servant = 1 -0.381* -0.372* -0.370* -0.370*
(3.97) (3.92) (14) (14)
L.V. Health variables?
8-Fitted dummy -0.281* -0.144 -0.410* -0.188
(disabled = 1) (3.17) (1.73) (3.35) (1.75)
9-Fitted height/100 7.973*% -477.4* 6.888* 56.10
(14.2) (3.63) (9.28) (0.65)
10-Fitted height squared/10*** 142.92* -15.36
(3.69) (0.57)
Intercept 3.7 3.2 3.8 3.6 -8.0 403.4 -5.6 —-45.0
Critical values
Max In(w) attained at age: 53.03 53.11 60 61.37 68.76 56.71 73.03 76.8
Critical point of In(w) attained 167.02 182.64
at height:
Adjusted R squared 0.20 0.25 0.08 0.13 0.34 0.34 0.35 0.35
Joint test Var. 1 & Var. 2 526* 237* 44%* 15% 736%* 404* 288* 262*
Joint test Var. 9 & Var. 10 119* 48*
No. of observations 18,666 10,464 4,966 1,299 13,721 13,721 9,332 9,322

Sources: ENH-91 for columns (13) to (16); CASEN for all others.
Instrumental variables for health indicators based on models from Table 7.
*t-statistics for robust standard errors in brackets.

**Squared fitted variables are computed running first stage regressions on the quadratic term and using that auxiliary equation to predict squared fitted. Auxiliary

regressions included in Table A-4.

days of disability the returns reverse and increase. In fact,
the bulk of the sample has fewer than 10 days of disabil-
ity as shown in Figure 1. In the rural samples, the shape
of In(w) depicted by the quadratic specification for num-
ber of days disabled is decreasing and concave in all the
relevant range,® which indicates that the effects on earn-
ings of the number of days disabled are negative and are
worse for a larger number of days. The education returns
are approximately the same as those shown in Table 5.
When the endogeneity of health is taken into account,
the estimated effects of being salaried for all the samples
are equal to the ones shown in Table 5. Similarly, domes-
tic servants continue to be paid less, but according to the
IV methodology the coefficient’s absolute value increases.

8 Although in rural samples both terms are not individually sig-
nificant, they are jointly significant as indicated by the test reported
in the table.

The IV models in the last four columns of Table 8 show
that height is significant in the determination of wages
in the linear and quadratic specifications for both males
and females.% The size of the coefficients in the linear
specifications of columns 13 and 15 is much larger than
the corresponding OLS estimates from Table 5 (the male
coefficient is 11 times larger, and the female coefficient is
15 times larger). This indicates that, when the endogenous
determinants of height are taken into account, the effect
of endogenous variation in height on productivity is in-
creased substantially. The quadratic effects of height on
hourly earnings estimated by instrumental variables are
not defined precisely by our data for females or plausi-
bly for males (Table 8). Therefore, the discussion here (and

% Although for females both terms are not individually signifi-
cant, they are jointly significant as indicated by the joint test re-
ported in the table.
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subsequent simulations) relies on the uniformly signifi-
cant estimates of the linear specification by instrumental
variables, which can be interpreted as the expected wage
effects of height for the average person in our sample.®

Simulations with Health Production Functions and
Hourly Earnings IV Equations

The last step of the research combined the estimates from
the earnings function and the health outcome equations
to simulate how changes in policy variables are likely to
affect lifetime earnings. To apply this procedure, the sim-
plifying assumption that the effects of health on wages
are uniform over the life cycle is introduced. The effects
of policy changes on the probability of having a disabil-
ity,% on height, and on productivity are presented. This
section is based on estimates from Tables 7 and 8.

Table 7 shows that most of the policy variables were
not significant for the explanation of disability, which
makes it difficult to draw many policy inferences from
the model. Therefore, the only variable considered for
simulations with disability was the coverage of affilia-
tion to social security. Table 9 shows the results in the
probability of being disabled for the different models
when the percentage of individuals affiliated to social
security in the departamento and area (urban or rural) is
increased by 10%, 20%, and 30%. The second part of Table
9 shows the consequent changes in log earnings implied
by such a policy.

As expected from the sign of the coefficients in Table
7, more affiliation to social security in rural areas de-
creases the probability of being disabled and increases
productivity; the opposite holds in urban areas. Accord-
ing to the model described by Equation 5, and control-
ling for the other variables included in columns 1-4 of
Table 7, an increase of 20% in the social security cover-
age in rural areas could reduce the probability of being
disabled by 5.3% for rural females and by 2.1% for rural
males. This particular change would reflect increases in
the productivity for rural women of 0.7% and for rural
men of 0.5%, controlling for the other variables included

% The estimated values for height and height squared imply that
earnings increase with height, as expected, for 99.9% of the female
sample (those < 182 cm tall). However, the quadratic specification
did not provide reasonable predictions for 33% of the male sample
(those < 167 cm. tall). The estimated model exhibits negative in-
come effects of height for that group, because the U-shaped curve
of In(w) against height reaches a minimum at 167 cm. This problem
persisted when the sample was restricted to men older than 25, be-
cause younger men may not have reached their adult height and
may receive low incomes.

% The results of the simulations with number of days disabled
are very similar and are not included.

in columns 9-12 of Table 8. Assuming that all other vari-
ables are held constant, all these conclusions hold. In
addition, the link between social security and better health
may not be causal. In urban areas, social security is asso-
ciated with a greater tendency to report illness, and our
indicator may be revealing only the formality of the la-
bor markets in the subregions.

The effect on height and the consequent changes in
earnings of performing diverse simulations are shown
in Table 10. The first row shows the estimated model
without variations. Subsequent rows show diverse simu-
lations with “percentage of houses in the community with
basic services” and “percentage of houses in the commu-
nity with adequate number of rooms per person.” Simu-
lations confirm that both policies are positively associ-
ated with stature and earnings, as expected from Tables
7 and 8. Almost all the simulations produced a higher
percentage effect 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 productivity effects of height for males
are higher than those for females. The effect on earnings
of increasing the provision of adequate housing is greater
than the effect of increasing the provision of public ser-
vices. Holding constant all the other variables included
in the models, and assuming that it is possible to increase
by one-third the “percentage of houses with adequate
number of rooms per person,” females’ height would
increase by 2.2% and males’ height would increase by
1.9%, which in turn could imply increases in hourly earn-
ings of 27% and 29%, respectively.

CONCLUSIONS

The purpose of this study was to understand how public
and private investments in health in Colombia might be
related to future earnings of individuals. There are no
previous studies in Colombia that considered health as a
determinant of an individual’s income. Human capital
had always been viewed from an educational perspec-
tive, although health is obviously an important compo-
nent of individual human capital in increasing work pro-
ductivity and enhancing the functioning of the economy
as a whole. As with education, public policies can im-
prove the health status of individuals. The study identi-
fied the magnitude of the returns to having good health
status through the direct effect of health variables on earn-
ings of individuals. One additional day of disability de-
creased male rural earnings by 32% and female earnings
by 13%, having a disability in a given month decreased
the earnings of urban males by 28% and of urban females
by 14%, and having an additional 1 cm of stature in-
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TABLE 9. Simulations of Policies by Area and Sex

Incidence of Disability

Urban male Urban female Rural male Rural female
Model 0.050 0.069 0.068 0.077
Coverage of social security (1 + 10%) 0.051 0.071 0.067 0.075
% change 1 2.40% 3.36% -1.03% -2.71%
Coverage of social security (1 + 20%) 0.052 0.073 0.067 0.073
% Change 2 5.01% 7.01% -2.06% -5.30%
Coverage of social security (1 + 30%) 0.054 0.076 0.066 0.071
% change 3 7.41% 10.66% -2.94% -7.88%

Mean hourly labor earnings

Urban male Urban female Rural male Rural female
Model 535.500 448.855 293.536 262.146
Coverage of social security (1 + 10%) 533.415 447.332 294.241 263.934
% Change 1 -0.39% -0.34% 0.24% 0.34%
Coverage of social security (1 + 20%) 531.339 445.813 294.919 263.934
% change 2 -0.78% -0.68% 0.47% 0.68%
Coverage of social security (1 + 30%) 529.271 444.300 295.62 264.860
% change 3 -1.16% -1.01% 0.71% 1.04%

Sources: Model of Tables 7 and 8 and CASEN.

creased urban male earnings by 8% and urban female
earnings by 7%.

At the descriptive level, illness is more frequent for
women than for men, for less educated than for more
educated persons, for rural than for urban residents, and
for older individuals. Corresponding patterns were found
with height, although this sample was only for urban
individuals. The well educated are almost 9 cm taller than
those with no years of education, and mean height is
lower for older age groups. Investments in health affect
an individual’s productivity, and the impact is greater
than was found in one African study. A Mincerian log-
earnings equation that included health indicators as a
parallel form of human capital was estimated. The initial
OLS regressions with number of days disabled and dis-
ability exhibited a weak correlation between health sta-
tus variables and earnings. When health status variables
are treated as endogenous and estimated by instrumen-
tal variables, both variables become significant and have
the expected signs. The regressions with height showed
the correct sign and high significance even without the
IV correction for health, but the coefficients increased sig-
nificantly with 1V methods. The linear returns to height
are increasing. Correcting for the selection bias introduced
when only individuals who are earning positive wages
are analyzed made little difference in the hourly earn-
ings equation estimates.

Significant and positive effects of height have been es-
timated. They were greater than those found in other
countries. A taller man receives hourly earnings 8%

higher per additional centimeter in height and a woman
receives hourly earnings that are 7% higher per additional
centimeter. Contrary to results observed in other stud-
ies, the returns to education are almost invariant to the
introduction of health in the earnings equations. They
change from 9.8% without height to 9.1% with height for
urban men and from 9.6% without height to 9.0% with
height for urban women. They are identical when the
dummy for disability or the number of days disabled is
included in the IV estimates of the earnings function.

Social security coverage and altitude were among the
most important determinants of incidence of disability
and number of days disabled in rural areas. In those ar-
eas where the coverage of social security is low, more
social security implies fewer disabilities and also fewer
days disabled. On the contrary, in urban areas, higher
levels of social security are associated with reporting dis-
abilities more frequently. This led to the conclusion that
increasing social security in rural areas could be associ-
ated with a lower incidence or duration of illness in these
regions. However, social security may not necessarily
improve the health of individuals and it may be associ-
ated with the tendency of respondents to report illnesses
more often, as is the case in urban areas.

A general result that does not depend on the measure
of health status used is that wealthier individuals (those
who have higher nonlabor incomes, own the house where
they live, or live in a house or apartment), controlling for
age, community characteristics, and geographic location
tend to have better health. Also, a complementarity be-



TABLE 10. Simulation of policies, by sex.

Height In (hourly earnings)
Female Male Female Male
Change in Change in
real real
Change Change Change Change earnings earnings
Simulations Mean in comm. (%) Mean in comm. (%) Mean (%) Mean (%)
1-Mean values at original model® 160.90 169.40 7.2784 7.4982
(1.21) (1.22) (0.476) (0.440)
2—(Community % of houses with lack of one basic service: electricity, 164.42 3.53 2.19 172.63 3.22 1.90 7.5216  27.54 7.7553  29.32
water, sewage) * (1-33%) and (community % of houses with adequate (1.70) (1.45) (0.491) 0.476 (0.451)
number of rooms per person) *(1+50%)
3—(Community % of houses with lack of one basic service: electricity, 166.24 5.34 3.32 174.28 4.88 2.88 7.6469  44.56 7.8876  47.60
water, sewage) * (1-50%) and (community % of houses with adequate (2.02) (1.59) (0.500) (0.458)
number of rooms per person) * (1+ 50%)
4—(community % of houses with lack of one basic service: electricity, 160.90 0.00 0.00 169.45 0.05 0.03 7.2786 0.03 7.5025 0.43
water, sewage) * (1-33%) (1.21) (1.17) (0.476) (0.438)
5—(community % of houses with adequate number of rooms per 164.42 3.52 2.19 172.57 3.17 1.87 7.5214  27.51 7.7511  28.77
person) * (1+33%) (1.70) (1.49) (0.491) (0.454)
6—(community % of houses with lack of one basic service: electricity, 160.90 0.01 0.00 169.48 0.08 0.05 7.2787 0.04 7.5045 0.63
water, sewage) * (1-50%) (1.20) (1.16) (0.476) (0.437)
7—(community % of houses with adequate number of rooms per 166.23 5.34 3.32 174.21 4.80 2.84 7.6465  44.51 7.8813  46.68
person) * (1+50%) (2.03) (1.65) (0.501) 0.462

Sources: Models from Tables 7 and 8 and ENH-91.
2 Standard deviations in parentheses.
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tween the nonlabor income (wealth) of the individual and
the number of rooms per person in the houses of the com-
munity where the person lives was found in the produc-
tion of health. The interaction of these two variables posi-
tively affects the health status of individuals.

Individual wealth and favorable environmental con-
ditions, such as the provision of public services and ad-
equate housing in the community, were the most impor-
tant determinants of health in urban areas. Under the
assumptions specified in the models, policies oriented to
increase the coverage of basic services in the households
(electricity, potable water, or sewerage) were found to
have a negligible effect on height and, through height,
on productivity. An increase in the supply of adequate
housing would translate into better health conditions and
productivity for individuals. These changes, in general,
would benefit male earnings more than female earnings.

Finally, it should be noted that the quality of informa-
tion available about public health interventions is a limi-
tation of the study. The answers to the questions “Were
you disabled in the last month?” and “How many days
were you disabled in the last month?” are subjective and
may exhibit recall errors. Although height may also be
subject to measurement errors, the study showed that it
offers a better measure of health status, revealing the
value of using anthropometric measures as adult health
indicators. Despite a large effort of collecting data at the
departamento and municipality levels to describe the in-
dividuals’ environment and merging it with the house-
hold surveys data for the analysis, most of these indica-
tors could not account for the variation in individual
health indicators. Although several patterns are sugges-
tive, variables that were expected to be correlated with
health outcomes, such as coverage of vaccination pro-
grams for different diseases, supply of hospitals in the
region, number of hospital beds in each region, and num-
ber of primary and secondary schools, were not signifi-
cant in explaining the available health indicators. This
fact may reveal the poor quality of the information col-
lected from sources other than the surveys and the need
for better indicators of the quality and prices of health
services. It may reveal also that the health services of-
fered may be of poor quality or that they are not relevant
in improving the adult health indicators used in the study.

Future research should extend this analysis of height
in combination with household survey measures of acute
and chronic illnesses and weight-to-height ratios (BMlI),
which could be jointly explained by local policy and en-
vironmental factors. With these data, a firmer case may
be made for investing in particular health programs and
policies that would be expected to raise labor productiv-
ity by improving the Colombian population’s current
health status.
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TABLE A-1. Descriptive statistics, ENH-91 survey.

All Women Men
Individual variables
1-Age 33.9 32.8 34.7
(10.38) (9.93) (10.61)
2 - Age squared 1260 1175 1319
(777) (726) (805)
3 - Height (in cm) 165.91 160.87 169.41
(7.91) (6.77) (6.65)
4 - Height squared 27590 25924 28743
(2618) (2173) (2253)
5 - In (hourly wages) 7.380 7.236 7.480
(0.79) (0.80) (0.76)
6 - Non-labor income (in 1991 pesos) 3997 3503 4497
(58062) (27682) (73014)
7 - Education 8.57 8.75 8.51
(4.23) (4.30) (4.18)
8 - Dummy wage earner =1 0.711 0.759 0.677
9 - Dummy domestic servant =1 0.053 0.127 0.002
10 - Owner occupied housing? 0.687 0.697 0.680
Municipality variables
11 - % of houses in community with basic services (electricity, water, and sewage) 0.977 0.978 0.977
12 - % of houses in community with favorable number of persons per room 0.885 0.890 0.882
8 -Var. 6 *Var. 12 3655 3230 3950
(54171) (26363) (66978)

Source: ENH-91 (labor force participants, with height >135 cm, ages 18-60).
Standard deviations in parentheses.
2 Dummy: owns house or apartment where lives = 1; rented or other = 0.
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TABLE A-2. Descriptive Statistics, CASEN Survey.?

Urban Rural
Male Female Male Female
Individual variables
1-In (hourly labor earnings) 6.28 6.11 5.68 5.57
(0.89) (1.00) (0.88) (1.15)
2-Age 36.63 35.75 38.07 38.96
(12.55) (11.33) (13.92) (13.26)
3-Age squared 1499 1406 1643 1694
(1033) (910) (1169) (1126)
4-Years of education 7.04 7.94 3.45 4.27
(4.26) (4.40) (3.00) (3.71)
5-Dummy wage earner =1 0.63 0.59 0.55 0.38
6-Non-labor income (in 1993 pesos) 9823 10329 3874 4941
(109298) (61026) (31092) (28131)
7-Type of housing® 0.94 0.95 0.97 0.96
Health variables
8-Dummy disabled = 1 0.0503 0.0696 0.0693 0.0847
9-Number of days disabled 0.42 0.49 0.58 0.67
(2.58) (2.65) (2.96) (3.06)
10-Number of days disabled squared 6.80 7.25 9.12 9.79
(62.9) (62.8) (71.4) (69.4)
Municipality variables
11-Hospitals per capita * 10° 1.36 1.26 3.69 3.06
(3.93) (3.75) (9.60) (8.63)
12-% enrolled in social security 0.248 0.254 0.066 0.066
13—% of houses with electricity 0.983 0.985 0.718 0.745
14-Altitude (mts) 776.74 823.79 104.09 1154.18
(835) (865) (928) (999)
15-Kms to capital 57.71 54.79 104.73 96.15
(90.6) (93.1) (87.1) (85.0)
Departamental variables
16-Transfers for health per capita * 10° 8.56 8.78 7.42 7.37
(5.65) (6.06) (1.25) (1.29)
Regional variables¢
17-Dummy Atlantic Coast 0.34 0.30 0.32 0.28
18-Dummy Pacific Coast 0.15 0.18 0.20 0.28

Sources: CASEN, Instituto Geogréfico Agustin Codazzi, Ministerio de Salud, author’s calculations.

Standard deviations in parentheses.
2 Samples exclude domestic service.

b Type of housing: lives in house or apartment = 1; lives in room or other = 0.

¢ Reference interior.
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TABLE A-3. Height regressions, labor force ages 25-55.

Height
Female Male
Dependent variable: 1 2) 3) (4) (5) (6) (7) (8)
Individual variables
1-Age -0.061* 0.208* 0.187* 0.169 -0.064* 0.012 -0.053 -0.055
(6.05) (2.23) (2.05) (1.87) (8.44) 0.17) (0.76) (0.78)
2-Age squared/1,000 —3.544* -2.702* -2.63* -0.986 0.340 0.277
(2.91) (2.26) (2.21) (1.05) (0.38) (0.31)
3—Education 0.304* 0.251* 0.391*  0.350*
(16.95) (13.20) (27.24)  (22.51)
4-Non-labor income/10° —47.62 -11.28
(in 1991 pesos) (1.22) (0.62)
5-Dummy owner occupied housing 0.287 0.043
(owns house or apartment where (1.69) (0.33)
lives = 1; rents or other = 0)
Municipality variables
6-% of houses in community with -2.989 0.754
basic services (electricity, water, sewage) (1.77) (0.42)
7—% of houses in community with favorable 9.66* 5.76%
number of persons per room (8.96) (6.60)
8-Var. 4* Var. 7 52.51 12.87
(1.26) (0.66)
Intercept 163.1 158.2 155.2 150.2 171.8 170.4 167.6 162.2
Adjusted R squared 0.005 0.006 0.044 0.055 0.006 0.006 0.069 0.074
No. of observations 7,260 7,260 7,260 7,260 10,940 10,940 10,940 10,940

Source: ENH-91.
t-statistics in parentheses.
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TABLE A-4. Quadratic health production functions.

Dependent health variable: Quadratic of number of days disabled Quadratic of Height
Region: Urban Rural Urban
Gender: (1) () 3) 4) (5) 6)
Individual variables
1-Age -0.270 0.418 -0.645 -1.584 29.43*  37.59
(1.22) (1.30) (1.47) (1.73) (2.28) (2.42)
2-Age squared/1,000 6.604* -2.571 13.16* 26.42* —-666* -793*
(2.47) (0.64) (2.51) (2.46) (4.00) (3.83)
3-Dummy type of housing (rents or owns house or -1.167 -4.130 -6.319 -0.686
apartment =1; rents room or rooms or other, e.g., squatter =0) (0.59) (1.41) (1.01) (0.07)
4-Dummy owner occupied housing (owns house or 99.65*  99.59*
apartment where lives = 1; rents or other = 0) (2.44) (2.05)
5-Non-labor income/10* (a) 50760 187534 -330618 -350236 7.980 34.669*
(1.20) (1.86) (1.01) (0.52) (1.50) (3.50)
Municipality variables
6-Hospitals/clinics per capita* 1,000 33.30* -30.93 -3.76 26.72
(2.66) (1.75) (0.31) (1.05)
7-Community % of people directly enrolled or 8.57 -6.69 -50.38* -65.09
beneficiaries of social security (1.14) (0.67) (2.27) (1.72)
8-Community % of households with electricity -2.17 12.01 4.16 0.001
(0.28) (0.92) (0.75) (0.00)
9-Altitude (in mts above sea level)/100,000 -36.78 -91.40 272 —581*
(0.54) (1.07) (1.79) (2.27)
10-Distance to capital of departamento in kms/1,000 -3.23 4.766 30.65* -35.16
(0.59) (0.67) (2.20) (1.31)
11-Community % of houses with basic services: 2422% 120
electricity,water, sewage (4.49) (0.24)
12—Community % of houses with adequate 3668*  3745*
number of rooms per person (14.13)  (12.48)
13—(Non-labor income/10%* (community % of houses 29.63 258*
with adequate number of rooms per person) (0.45) (2.14)
Departmental variable
14-Transfers per capita from central government -161.4 -9.75 82.21 1914
to departamento for health (1.86) (0.09) (0.10) (1.15)
Individual regional variables(b)
15-Dummy (lives in Atlantic Coast = 1) -0.89 -2.74 -6.82* -8.35
(0.70) (1.57) (2.27) (1.40)
16-Dummy (lives in Pacific Coast = 1) 0.024 5.109* 5.533* 14.68*
(0.02) (2.95) (1.89) (2.97)
Intercept 9.55 -9.59 18.87 25.27 29020 25980
Adjusted R-squared 0.0033 0.003 0.0106 0.0264 0.0329 0.0305
No. of observations 18,666 10,464 4,966 1,299 13,721 9,332

Sources: ENH-91 for columns (5) and (6); CASEN for all others. Different sources for variables 6, 9, 10, and 14.

t-statistics in parentheses.

(@) Monetary variables (5, 13, and 14) are in 1993 pesos for columns (1) to (4) and in 1991 pesos for columns (5) and (6). A 1991 peso is equivalent to 1.53 1993

pesos.
(b) Reference interior.



LINKING HEALTH, NUTRITION, AND WAGES:
THE EvoLUTION OF AGE AT MENARCHE AND LABOR EARNINGS
AMONG AbpuLt MexicaAN WOMEN

Felicia Marie Knaul’

INTRODUCTION

A nation’s potential to achieve economic growth and
development is reflected in the health and nutritional sta-
tus of its population. For the individual, particularly at
low levels of income, health may be an essential deter-
minant of productive capacity in the labor market and,
hence, of earnings and the capacity to escape poverty.
The relationships among health, nutrition, and income
have been important elements in theories of economic
development, particularly as expressed in nutrition-based
efficiency wages (Leibenstein, 1957; Rosenzweig, 1988;
Strauss and Thomas, 1998). Economic history also has
been advanced considerably by recent efforts to further
the analysis of the relationship between long-term
changes in the health of populations and the process of
economic development and structural transformation
(Fogel, 1994, Steckel, 1995). Recently, knowledge of the
link between health and income has been enriched by
empirical evidence of the causal impact of health on
wages and productivity among poorer populations
(Strauss and Thomas, 1998). The relationship between
labor productivity and health is now being explored in
an integrated human capital framework (Schultz, 1997;
Schultz and Tansel, 1997; Schultz, 1996; Strauss and Tho-
mas, 1997). Models of economic growth have been ex-
tended to include the importance of health as a human
capital input (Barro, 1995). These breakthroughs are a
product of advances in economic theory and in the qual-
ity of data. The surge in research on this topic also re-
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flects an increased recognition of the opportunities and
challenges for formulating relevant and effective health
policies.

This study uses a human capital framework to evalu-
ate the impact that investments in health and nutrition
in Mexico have on labor market productivity. The re-
search extends existing literature by proposing age at
menarche as an effective indicator for analyzing the im-
pact of health and nutritional investments during child-
hood and adolescence on productivity in the labor mar-
ket. As in the case of adult height and body mass index
(BMI), indicators that have been widely used in the analy-
sis of the health—productivity relationship, menarche is
a variable that reflects the secular increase in the level of
economic development of many countries in the region
(Brundtland and Wallge, 1973; Marshall, 1978; Malcolm,
1978; Wyshak and Frisch, 1982; Wyshak, 1983; Manniche,
1983; Wellens et al., 1990; Hulanicka and Waliszko, 1991;
Liestgl and Rosenberg, 1995). Over the past 150 years,
age at menarche has shown a steady decrease of ap-
proximately three-to-four months per decade in many
countries. This decrease is a reflection of a variety of so-
cioeconomic factors, particularly nutritional status in
childhood. Despite the parallels between menarche and
adult height as indicators of cumulative health status, age
at menarche apparently has not been previously incor-
porated into the analysis of the impact of health on eco-
nomic development.

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

The chapter’s first section provides a brief introduc-
tion to the recent evolution of health in Mexico. The next
section discusses menarche as an indicator of health and
nutritional status. The third section provides an overview
of the data used in the analysis. The fourth section sum-
marizes the model and the estimation strategy following
Schultz (1996) and Schultz and Tansel (1997). The fifth
section provides descriptive statistics, with particular
emphasis on the distribution of menarche by cohort, level
of education, and hourly wages. The results of the first-
stage, reduced form estimates of the health production
function are given in the sixth section. The seventh sec-
tion presents the instrumental variable estimates of the
wage regressions, emphasizing the relationship between
age at menarche and wages. Conclusions and policy rec-
ommendations are given in the final section.

The model uses an instrumental variable approach
given the significant degree of measurement error that is
inherent in retrospective information about menarche.
The instruments used to identify menarche are based on
the availability of personal health services, public services,
housing 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 un-
correlated with the reproducible component of health,
human capital.

It is important to note that the measure of the impact
of age at menarche on labor market productivity is a
lower-bound estimate of the welfare impact of ill health
(Schultz and Tansel, 1997). First, age at menarche mea-
sures only a few of many dimensions of health. In par-
ticular, it is a cumulative measure reflecting investments
in early nutritional status and other investments in child-
hood health. In addition, labor market productivity and
wages reflect only one aspect of the myriad implications
of adultill health in terms of personal and family welfare.

It is useful to clarify that, given the nature of the data,
in this chapter menarche is considered as the onset of the
first menstrual cycle. Puberty is a collective term that
summarizes a set of morphological and physiological
processes that are the result of complex developmental
processes in the central nervous and endocrine systems.
In women, these processes 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 increases in strength and endurance. Menarche
is a relatively late event in physical development that
typically occurs after the adolescent growth spurt and
after the peak in growth (Marshall, 1978; Tanner, 1962).

TRANSFORMATION OF HEALTH AND
NUTRITION IN MEXICO

Mexico is a particularly interesting case for studying the
evolution of age at menarche. Although the country is
well into its epidemiologic transition, the process has been
characterized as “protracted and polarized” (Frenk et al.,
1989). This is a reflection of inequalities that include both
income and access to resources such as health services.
Mexico faces a combined challenge. “Pretransitional”
diseases—many of which are infectious or based on nu-
tritional deficiencies—that are related to infant and ma-
ternal mortality and preventable with relatively inexpen-
sive public health interventions are juxtaposed with an
increasing health burden from chronic, noninfectious ill-
ness. Pretransitional diseases disproportionately affect the
poor (Frenk et al., 1989; Frenk et al., 1994c).

As has been the case in many Latin American coun-
tries, Mexico’s decline in mortality has occurred quickly.
Life expectancy almost doubled between the early 1900s
and 1950, and it is currently over 70 years. Infant mortal-
ity has dropped considerably, from 323 per 1,000 live
births in 1910 to nearly 40 in the past decade (Frenk et al.,
1989; Bobadilla et al., 1993). Similarly, the proportions of
deaths related to maternal mortality and malnutrition
have declined substantially (Frenk et al., 1994b).

Although historical data on nutrition are scarce, there
is evidence that the prevalence of malnutrition has been
rising in some rural areas and declining in others. Over-
all, the proportion of rural children 1-5 years old with
normal height for age increased from 49% in 1974 to 52%
in 1996. Further, both mortality and morbidity attribut-
able to nutritional deficiencies declined based on data
from 1990 to 1996 (Salud Publica de México, 1998; Avila
etal., 1998). Figures for the Region are both more acces-
sible and more dramatic. The prevalence of nutritional
deficiency dropped from affecting 19% of the population
of Latin America and the Caribbean in 1969-1971 to 15%
in 1990-1992, and it is projected to reach 7% in 2010 (Food
and Agriculture Organization, 1996).

Health indicators for Mexico, although clearly dem-
onstrating a tendency to improve, are less advanced than
they should be when considered as a function of the
country’s economic development level. The reduction in
the proportion of deaths attributable to infectious diseases
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has been slower than in many other Latin American coun-
tries. The number went from 30% in 1960 to 13% in 1985.
By comparison, in Argentina, Cuba, Costa Rica, and Chile
the number is now well below 10% (Frenk et al., 1994c).
Similarly, the ratio of deaths from infectious and para-
sitic diseases to deaths from noncommunicable diseases
approximates unity, whereas the values are below 0.5 for
several other countries with similar levels of per capita
income.

The differences within and among regions and munici-
palities reflect the high degree of inequality in both health
status and distribution of health services. Infant mortal-
ity in the southern, poorer states was about 147 per 1,000
live births in the early 1960s and 92 in the 1980s. In the
wealthier, northern region the numbers are 92 and 28,
respectively. The ratio of infant mortality between the
southern and northern regions increased from 1.6 to 3.3
over the same period (Bobadilla et al., 1993). The differ-
ences within states also suggest important inequalities
based on rural versus urban residence.

The health situation that has resulted from this pro-
longed and polarized epidemiologic transition places a
heavy burden on a relatively extensive but inefficient
health system. The Mexican system is dualistic. The poor
and uninsured have access to the public health system
run by the Secretariat of Health. In contrast, the insured,
working population have the right to use the Mexican
Social Security Institute, which covers close to half the
labor force and its families. Despite this coverage, many
people use and pay out of pocket for private services.
This is an indicator of overlap in, inefficiencies of, and
dissatisfaction with the system (Zurita et al., 1997; Knaul
etal., 1997; Frenk et al., 1994b).

Further, the distribution of health services parallels and
hence often intensifies the existing inequalities in the
health status of the population. For example, Frenk et al.
(1995, 1997) showed that there are approximately 200 in-
habitants per physician in Mexico City, a number that
exceeds the average in many developed countries. How-
ever, the numbers are much higher in the poorer states
and in rural areas. In Oaxaca there are an estimated 1,120
inhabitants per doctor, and in Chiapas there are 1,370.
As a partial response to the deficiencies in the health sys-
tem, reforms have been initiated at the Instituto Mexicano
del Seguro Social (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 im-
provements in mortality and morbidity and their rela-

tionship to a complex set of factors associated with eco-
nomic development. These factors include improvements
in nutritional status, medical technology, access to health
care, education, public health facilities, and hygiene.

Traditionally, height and weight have been used as
predictors of morbidity and mortality risk among chil-
dren. More recently, adult height and BMI have been put
forward as indicators of the probability of dying or of
developing chronic diseases at middle and older ages
(Fogel, 1994; Strauss and Thomas, 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 indi-
cator of nutritional status during infancy, childhood, and
adolescence. BMI is a measure of current nutritional sta-
tus. This evidence was analyzed and extended by Fogel
(1994), who documented the secular increase in average
height and BMI in several European countries between
the seventeenth and nineteenth centuries. This evidence
is used to develop an argument for the importance of
physiological factors in economic growth.

The research summarized here adds another dimen-
sion to the existing literature on the importance of health
as a reproducible form of human capital. In this chapter,
age at menarche is used as an indicator of the result of
investments in nutrition and health during childhood and
adolescence. This parallels the work that other research-
ers have undertaken using adult height as an indicator.
The logic of the association between menarche or adult
height and investments in health and nutrition is based
on the idea that, in a fixed population that does not expe-
rience variation in its mix of biological groups, changes
over time in average height or age at menarche may be
attributed to changes in reproducible human capital in-
vestments and changes in disease environments (Schultz,
1996; Fogel, 1994; Steckel, 1995). Further, several 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 frame-
work. These include the studies of Schultz (1996) for Cote
d’lvoire and Ghana and of Thomas and Strauss (1997)
for urban Brazil.

Several authors have pointed to the importance of av-
erage age at menarche as an overall, comparative indica-
tor of population health, timing of maturation, and nu-
tritional status (Hediger and Stine, 1987; Malcolm, 1978).
Further, there is a close link between adult height, the
timing of the adolescent growth spurt, height for age, and
age of menarche that has been documented in a variety
of countries and settings (Malcolm, 1978). Trussel and
Steckel (1978) used data on height velocity for female
slaves transported within the United States in the 1800s
to predict probable age at menarche. Diaz de Mathman,
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Ramos Galvéan, and Landa Rico (1968a and 1968b) found
that malnourished Mexican adolescents were signifi-
cantly older at menarche than the well nourished. In a
study of Japanese girls, Nagata and Sakamoto (1988)
found that age at menarche was an important predictor
of adult height.

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 child-
hood (Floud, 1994). Catch-up growth reduces the effec-
tiveness of adult height as a measure of cumulative health
status to the extent that malnutrition and ill health are
expected to have effects on productivity that are inde-
pendent of completed height. A delay in menarche, on
the other hand, may be a more dependable tracer of mal-
nutrition 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 with chronic malnutrition
in a poor, rural area of the United States were delayed in
age at menarche and skeletal maturation compared with
a control group. The completed height of these two
groups was not significantly different, although the mal-
nourished group was shorter than the control group dur-
ing the period of adolescent growth. Laska-Meirzejewska
(1970) found that age at first menstruation was more sen-
sitive to external conditions related to socioeconomic sta-
tus and family well-being than height or weight among
a sample of Polish girls. Further, Liestal and Rosenberg
(1995) suggested that menarcheal age, possibly related
to changes in weight, may be more sensitive than height
to regional differences in poverty among schoolchildren
in Oslo.

Both age at menarche and adult height have demon-
strated secular improvements. These improvements are
likely to be closely related to increased nutritional stan-
dards (Trussell and Steckel, 1978). Marshall (1978) evalu-
ated a group of studies of age at menarche and concluded
that, despite differences in data quality, they were re-
markably consistent in illustrating an average decline of
three-to-four months per decade over the past 100 years.
The secular decline is also evident over the past 100-150
years in a variety of developed countries based on ag-
gregate trends (Wyshak and Frisch, 1982). The estimated
rate of decline is between two and three months per de-
cade. Brundtland and Wallge (1973) cited evidence from
North America, Japan, and Europe to show that girls have
been maturing faster over the past 50 years—at a rate of
about four-to-five months per decade. More recent stud-

ies have confirmed this tendency for well-nourished
women in the United States born since 1920 (Wyshak,
1983), in Denmark born since the 1940s (Manniche, 1983),
in Flemish women in the nineteenth century (Wellens
et al., 1990), in Poland since about 1950 (Hulanicka and
Walizko, 1991), and in Norway among schoolchildren
since the 1920s (Brundtland and Wallge, 1973; Liestgl and
Rosenberg, 1995). Further, these studies suggest that the
trend is coming to a halt among some well-nourished
groups of high economic status in developed countries,
coincident with a threshold age at menarche (Brundtland
and Wallge, 1973).

The determinants of age at menarche can be divided
into genetic and environmental factors, and the latter are
widely thought to reflect nutritional differences. The lit-
erature on adolescent growth widely concurs in estab-
lishing the link between malnourishment in infancy and
childhood, later age at menarche, and a slowdown in
growth (Diaz de Mathman, Landa Rico, and Ramos
Galvan, 1968a and 1986b; 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 sib-
lings, birth order, racial differences, climate, altitude,
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
also may have an important genetic component.

Heredity-related or genetic factors may dominate
among well-nourished populations (Stark et al., 1989) and
appear to be more important among later cohorts (Treloar
and Martin, 1990). This is supported both by important
population differences and by studies comparing twins
with other siblings. These studies show much larger dif-
ferences in age at menarche between nontwins (Eveleth,
1978; Marshall, 1978).

In summary, literature from a variety of countries dem-
onstrates a secular decline in the age at menarche
throughout the world. This research suggests that, al-
though a variety of environmental and genetic factors
may make the analysis less precise, menarche occurs ear-
lier among healthier and better-nourished girls and ado-
lescents. For the purposes of the research presented be-
low, the crucial hypothesis developed in this section of
the chapter is that age at menarche is a plausible proxy
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for measuring part of the differences in adult labor mar-
ket productivity among women that result from invest-
ments in nutrition and health during childhood and
adolescence.

DATA

The main data source for this study is the Encuesta
Nacional de Planificacion Familiar [National Family Plan-
ning Survey] (NFPS), undertaken by Consejo Nacional
de Poblacion (CONAPO) in 1995. The NFPS includes an
individual, a household, and acommunity questionnaire.
The individual survey is directed toward the target popu-
lation of women ages 15-54 who are living permanently
or temporarily in the household included in the survey.
This part of the NFPS was answered directly by each
woman and includes detailed fertility and marital histo-
ries as well as socioeconomic characteristics and work
activity. The household questionnaire considers socioeco-
nomic characteristics, family structure, work activities,
and condition of the dwelling. The community survey
was carried out in sites (primarily those with fewer than
5,000 inhabitants)? and was directed at a community
leader. This part of the NFPS contains information on
basic characteristics of the community including infor-
mation on access to and use of health and educational
facilities.

The sampling frame of the NFPS is designed to over-
represent the poorest, most rural states. In particular, nine
states account for 90% of the sample. The information
for the other 23 and most populous states is given by the
remaining observations, which amount to about 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 between states and to
provide appropriate estimates for the country as a whole.
Still, given the small number of observations for the 23
undersampled states, the analysis of age at menarche
using the expansion factors proved to be somewhat un-
stable. As aresult, the information provided here is based
on the unexpanded numbers, which implies that the es-
timates do not necessarily reflect the distributions within
the population as a whole.® To account for the important
geographic differences in socioeconomic status and the
availability of health services, the regressions include ei-

2 While the questionnaire and manuals report that the commu-
nity segment was exclusively directed at sites with a maximum of
2,500 inhabitants, the data analysis shows that a large proportion
contain between 2,500 and 5,000 inhabitants according to responses
of community leaders.

3 The descriptive figures using expansion factors are available
from the author upon request.

ther a dummy variable for rural versus urban residence
(rural = 1) and another for the overrepresented states
(Chiapas, Guanajato, Guerrero, Hidalgo, Mexico, Mi-
choacan, Oaxaca, Puebla, and Veracruz = 1) or a full set
of state dummies.

It is important to highlight that, in the NFPS, women
who are interviewed in the individual survey self-report
all variables.* This clearly improves the quality of the data
in the sense that self-reported responses are likely to be
more correct. In particular, the labor market variables are
reported both as part of the household survey, and in
many cases by a proxy respondent, and then repeated by
the individual as own-respondent. Comparison of the two
responses suggests that they differ substantially. For this
reason, the data in this research are based on the self-
reported information.®

There are two severe restrictions in terms of the data
available from the NFPS. First, the only measure of adult
health is menarche so that it is impossible to be more
encompassing of the impact of different aspects of health
status on wages. Further, the data include no informa-
tion on place of birth or migration.

In addition to the information available from the com-
munity segment of the NFPS, this research uses two
sources of municipality-level information. The firstis the
Indicadores Socioecondémicos e Indice de Marginacion
Muncipal generated by CONAPO in conjunction with the
Comisién Nacional del Agua in 1993 and based on the
results of the XI Censo General de Poblacidn undertaken
by the Instituto Nacional de Estadistica, Geografia e
Informética (INEGI) in 1990. These indicators are dissemi-
nated as the Sistema del Indice de Marginacién Munici-
pal (SIMM). These data were compiled with the purpose
of developing an indicator of marginality applicable to
all the municipalities in Mexico and include, as propor-
tions of the inhabitants of each municipality, the illiter-
ate adult population, the adult population without com-
plete primary education, those without electricity, those

4 The fact that only self-reported information is accepted in the
survey also generates a sampling problem. Approximately 10% of
women ages 18-54 identified in the household survey are excluded
from the individual data that include age at menarche. Most are
excluded because they could not be located for the interview. This
introduces a particular form of selection bias into the research, be-
cause the women who were identified in the household survey and
not found for the individual interview are more likely to be younger,
working, more educated, and earning a higher income (see Annex
Table 1). This bias cannot be explicitly dealt with using the econo-
metric techniques applied in this paper given that age at menarche,
as the key variable, is missing for these women. Given that women
with these characteristics tend to be younger at menarche accord-
ing to the available sample, the results of the impact of menarche
on productivity may be biased downward.

51t 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 where proxy respondents are common.
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whose homes have earthen floors, those who lack toilet
and drainage facilities, those without running water,
those who live in overcrowded homes, individuals in sites
with fewer than 5,000 inhabitants, and the working pop-
ulation earning less than two minimum salaries per
month.®

The second source of information at the municipality
level is a database jointly developed by researchers at the
Colegio de México, CONAPO, and Johns Hopkins Uni-
versity based on the records of the Secretariat of Health
(Secretaria de Salud) and IMSS (Wong et al., 1997). This
database also includes information on private sector
health services and personnel taken from the Economic
Census undertaken by INEGI. The information on alti-
tude comes from the Sistema de Informacion Municipal
en Bases de Datos (SIMBAD) compiled by INEGI and is
based on cartographic data (INEGI, 1995). All three data
sets were merged with the NFPS at the level of the mu-
nicipality, with information available for both urban and
rural areas.

THEORETICAL AND EMPIRICAL FRAMEWORK
FOR MODELING HEALTH PRODUCTION
AND LABOR PrRODUCTIVITY

Schultz (1996, 1997) modeled household demand for hu-
man capital as a derived demand for the services of these
human capital stocks. Summarizing this work, household
demand for input j for individual i is given as:

L= oY+ BX + 1, j=HorM,E,R,andB (1)

where the distinction between the Y and X variables is
critical. The Y variables affect the demand for human
capital through the impact on wage structures and hence
via the incentive for investing in human capital as well
as through other channels. By contrast, the X variables
affect the demand for human capital without affecting
wage opportunities. The error term is given by H.

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

& The minimum salary is a government-imposed floor on wages
that applies in the formal sector of the economy.

The girl and her family maximize a single period util-
ity function that includes health (h*), proxied by menarche
(m*), the non-health-related consumption bundle (C), and
annual time allocated to nonwage activities (H,)

U=U(h* C, H,) @)

Equation 2 is maximized subject to the budget, time, and
health production constraints

RI = HI*P, + C*P, = W*H, + V ®

T=H,+H, )

where RI is market income, P values are market prices,
W is the wage rate, and V is annual household income
from nonhuman wealth. Total available time (T) is
divided into wage work (H,) and nonwage activities
(H,).

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

h* = f(m*) (5)
where
m* = m*(HI, G, €) (6)

In Equation 6, € is the error term in the health function.
The estimates of the determinants of age at menarche are
used as the first stage of the estimation of the wage
function.

Expanding on the Mincerian semilogarithmic frame-
work (Mincer, 1974), the hourly wage of an individual is
a function of her cumulative health status as proxied by
age at menarche, acquired skills related to education,
experience 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

W= Z(d1) + 1Y, + ¢ )
J:

This chapter includes only reduced form estimates of
the health production function in Equation 2.

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

m,=m*+e, (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 correla-
tion between @and e that gives rise to bias due to hetero-
geneity or simultaneity in estimating the wage function.
The correlation between the error in the wage function
and unobserved health heterogeneity leads to simulta-
neous equation bias if the observed health inputs are re-
lated to the unobserved health heterogeneity. To correct
for this problem, it is necessary to include in the health
demand function variables that affect health input de-
mand, such as prices or access to health services, but are
not correlated with health heterogeneity. These variables
generate a series of exclusion restrictions that permit iden-
tification of the unbiased wage function.

There isample evidence to support the hypothesis that
age at menarche is measured with considerable error,
particularly using the type of retrospective data avail-
able for this research. The literature on measuring age at
menarche highlights the issue of recall error in these types
of data. Of the existing means of determining age at me-
narche, the cross-sectional retrospective method is con-
sidered inferior to longitudinal (repeated questioning of
adolescents) or status quo (proportion of adolescents who
have menstruated by a given age) methods (Marshall,
1978; Brundtland and Wallge, 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 correlation coefficient between age at
menarche from longitudinal data and from recall data
collected four years after menarche was only 0.61. Simi-
larly, only 70% of the adolescents could recall the age at
menarche within one year of the actual date. In a study
of Swedish teens, Bergsten (1976) found that, four years
after menarche, only 63% could recall age at menarche
within three months of the correct date. Hediger and Stine
(1987) discussed studies showing that recall capacity falls
off rapidly four-to-five years after the event and then sta-
bilizes. 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, about 90% were able to recall age at me-
narche within one year. In their own work, Hediger and
Stine (1987) found that, using information on a group of
U.S. adolescents, about half the sample have low recall
ability and the other half remember relatively accurately
for several years after the event. They suggested that the
probability of recall is not as closely related to the length
of time since the event as in other studies.

Recall bias is likely to be associated with three other
types of error in the data used in this study. First, age at
menarche is reported in completed years so that there
will be a consistent downward bias in the mean age.
Women are likely to state age based on the preceding
birthday, even if they began to menstruate in the second
half of the year (Marshall, 1978). As the data from the
NFPS does not record month at menarche it is impos-
sible to correct for this bias directly.

Second, there are many conflicting feelings associ-
ated with adolescence and therefore with menstruation
that may induce young women to provide inaccurate
information, particularly if menarche was very early,
very late, or especially traumatic. It is difficult to judge
the nature or direction of the bias as some women may
experience negative feelings and embarrassment, caus-
ing them to downplay late or early events, and others
may do the same because of the positive feelings asso-
ciated with particular cultural or religious practices
(Hediger and Stine, 1987; Amann, 1986; Ruble and
Brooks-Gunn, 1982). To the extent that older women
are less likely than teens to suffer from embarrass-
ment, recall data such as those used here may be more
accurate.

Another source of error may be due to women not
clearly identifying the onset of menstruation. The par-
ticular question used in the NFPS is related to how old
the person was when she first menstruated. The exact
wording is “Cudantos afios tenia usted cuando le bajo la
regla por primera vez?” Given the uneven pattern that is
common at the onset of menstruation, it is possible that
the women might not associate the first incidence of
bleeding with menstruation if it was either very mild or
not closely followed in time by another occurrence. There
may also be some misinformation and confusion associ-
ated with the differences between menstruation, other
aspects of puberty, and events such as fertility, pregnancy,
and marriage.

Finally, another source of error may be related to “tele-
scoping.” Women may tend to report a later, or an ear-
lier, age at menarche as they grow older or as the event
becomes more distant in time. This is related to the per-
ception that an event occurred “a certain number of years
in the past.” Although the direction of the error may be
randomly distributed, it is possible that the accuracy of
recall is related to some other factor such as intelligence,
education, or literacy. Further, these factors also may be
related to a woman’s ability to interact with the health
system. Therefore, this source of error may be more prob-
lematic than those outlined above, as it may be system-
atically correlated with the instrument set. Unfortunately,
additional data on the accuracy of recall are necessary to
evaluate the severity of this problem.
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As mentioned above, in order to control for the bias
due to simultaneity and measurement error, the econo-
metric analysis in this paper 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 com-
munity. 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 identifying the wage equation. The instru-
ments are selected by using the results of the literature
review, the descriptive analysis, and the regressions of
the production function of health measured by age at
menarche. The specification of the instrumental variables
approach to the errors in variables is evaluated with
Hausman tests (Hausman, 1978; Greene, 1997). In addi-
tion, the robustness of the instrumental variable estimate
is explored by varying the instrument set.

The other human capital inputs that can be measured
with the NFPS are education and postschooling—poten-
tial years of experience. Education is analyzed by using
both a linear specification in years and dummy variables
for levels. In the latter, 0 years of education is the excluded
category and the dummies represent some or complete
primary education (1-6 years), some or complete second-
ary education including preparatory and technical
schools (7-12 years), and higher education including
nonuniversity training (13 or more years). Experience in
the wage equations is formulated in the traditional
Mincerian fashion as age minus years of education mi-
nus 6 and is included as a quadratic (Mincer, 1974).

Another potential source of bias in the analysis of the
impact of health on wages, as measured by age at me-
narche, results from what Schultz (1996) referred to as
aggregation. This bias arises when inputs that have dif-
ferent productive effects on wages are combined in a
single indicator. In a cross section, the fraction of the vari-
ance in menarche that can be explained by environmen-
tal factors may have either a smaller or a larger impact
on productivity than the fraction that is largely unac-
counted for and based in part on genetic variability. Ag-
gregating the two sources of variation in the single mea-
sure of age at menarche may provide misleading results
about the impact on productivity of changes in variables
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 con-
trols are included in order to avoid relying on intergroup
genetic variation to identify the wage effects of the re-
producible component of health human capital (Schultz,
1996).The independent, exogenous control variables are

selected based on the results of the literature review and
the findings for the determinants of age at menarche dis-
cussed below. Individual characteristics include age and
place of residence. Using the information from the rural
site survey included in the NFPS, the proportion of the
population who do not speak Spanish (this information
is not available for individuals) and distance in km to the
nearest and most frequented market are also used. As
mentioned above, this information is available only for
small, rural communities. For the larger municipalities
and cities, these two variables are coded as zero. The con-
trols also include altitude in m above sea level for each
municipality, a dummy for rural residence, and another
for the poorer states that are overrepresented in the
sample.

Because the proportion of women who declared that
age at menarche was below age 10 or above age 18 is
very small, this sample is restricted to women who de-
clared that age at menarche was between 10 and 17 years.
In addition, this restriction makes it possible to exclude
from the production function and wage equations women
ages 17 and younger. The restriction of age at menarche
to 10-17 is useful for the later extension to the wage func-
tion as it guarantees a completed profile of menarche for
the women ages 18 and over at the time of the survey.
The exclusion of 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%. (See Table 1.)

Just under 30% of the adult women in the sample work
and earn a positive wage, which suggests the need to
identify, and correct for, sample selection bias using full
information maximum-likelihood estimates of the two-
stage technigue originally developed by Heckman (1979).
Unfortunately, the available data do not include suffi-
cient information on exogenous determinants of labor
force participation to identify the selection equation. The
only exogenous measures of wealth included in the sur-
vey 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 selec-
tion. Based on the selection-corrected regressions that
were undertaken, this omission is unlikely to bias the find-
ings about the impact of age at menarche on productiv-
ity and wages.” The results of the sample selection cor-
rected model are presented in the Annex.

" The instrumental variable wage equations were also calculated
with a selection equation for labor force participation. The selection
term was identified by including a series of arguably 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 characteristics of the home and ac-
cess to services) were included in the probit regression. The results
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TABLE 1. Mean and standard deviation (SD), women ages 18-54, menarche between ages 10 and 17 years.

All Wage earners
Variable Mean SD Mean SD
Hourly wages (In) 1.477032 1.04837
Menarche (years) 13.146 1.343 13.127 1.373
Menarche (In) 2.571 0.102 2.569 0.105
Menarche squared 174.629 35.714 174.193 36.435
(Menarche) x (years of education) 75.819 53.797 91.732 60.431
Community level policy variables
Public health services
% of population with dirt floor 33.958 24.135 30.742 22.902
% of population without toilet or drainage facilities 34.654 24.050 31.877 24.372
% of population living in overcrowded conditions 65.289 10.590 63.673 10.665
% of population without running water 30.755 23.415 27.988 22.292
Personal health services
Distance (km) to nearest nonprivate health center (urban = 0 km)? 2.429 6.579 1.308 4.445
Dummy distance to health center missing (1 = missing values) 0.137 0.343 0.083 0.275
Number of physicians per capita in localidad or municipality (x100) 0.001 0.001 0.001 0.001
Dummy for the presence of a community health center in localidad 0.679 0.467 0.743 0.437
Educational capital
% of population over age 15 with incomplete primary education 48.881 17.657 45.751 17.915
% of population over age 15 who are illiterate 20.763 13.808 19.196 13.448
Distance (km) to nearest secondary school (urban = 0 km) 12.622 17.864 8.717 15.813
Dummy distance to school missing (1 = missing)* 0.361 0.480 0.254 0.435
Dummy for no secondary school in the localidad 0.454 0.498 0.318 0.466
Other human capital variables
Education in years 5.811 4.115 7.049 4.631
Experience (age — education - 6) 18.983 11.971 18.740 11.872
Experience? 503.653 529.992 492.070 516.056
Controls for ethnicity and residence
% of population in localidad who do not speak Spanish (x100) 0.042 0.150 0.023 0.104
Dummy for missing values (1 = missing value) 0.025 0.156 0.022 0.145
Altitude (km above sea level) 1.408 1.452 1.401 1.451
Dummy for missing values (1 = missing value)® 0.016 0.127 0.013 0.113
Dummy rural-urban (rural = 1) 1.588 0.492 0.452 0.498
Dummy oversampled states (oversampled = 1) 0.918 0.274 0.921 0.270
Distance (km) to most common market (urban = 0) 10.016 15.102 7.652 13.969
Dummy distance to market missing (1 = missing values)° 0.020 0.139 0.008 0.087
Age of woman 31.779 9.846 32.779 9.584
n 10,839 3,158

See text for explanation.

"Oversampled states: Chiapas, Estado de México, Guanajuato, Guerrero, Hidalgo, Michoacdn, Oaxaca, Puebla, and Veracruz.

Applies only to rural areas as the variable is assumed to be 0 for urban areas.

It is important to mention two general points about
the regression analysis. First, all the standard errors are
calculated using the robust, White heteroskedasticity con-

of including the sample selection term derived from this analysis
have very little impact on the magnitude, sign, or level of signifi-
cance of the menarche variable in the wage equations. The analysis
was again repeated using only the measures of the physical charac-
teristics of the home. When this estimation strategy is used, the
sample selection term is repeatedly insignificant, which suggests
that the identifying variables are too weak to permit a precise esti-
mation of the characteristics of exclusion from the labor force. Schultz
and Tansel (1997), using data from Cote d’lvoire and Ghana, found
that the selectivity correction term is insignificant in predicting the
impact of disabled days on productivity.

sistent, estimator (White, 1980; Greene, 1997). Further, all
the instrumental and exogenous control variables that
suffer from a small number of missing values are recoded
with the median value. A dummy value for each vari-
able is added to signal that the observations originally
had a missing value. This guarantees comparability across
regressions as the number of observations remains
constant.

The wage regression uses hourly wages as the depen-
dent variable. The adjustment to hourly wages is done
by converting hours worked, when reported by day or
month, to hours worked per week using days worked
last week. Similarly, when labor earnings are reported
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FIGURE 1. Distribution at menarche, ages 18-54.
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by a period other than the week, they are first adjusted
to weeks and then divided by hours worked per week.®

The means and standard deviations (SDs) of all vari-
ables are reported in Table 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
mothers. Given the sampling features of the survey dis-
cussed above, the numbers are presented without expan-
sion factors.

PATTERNS IN THE AGE AT MENARCHE IN MEXICO

The mean age in the sample of women in the NFPS who
experienced menarche between ages 10 and 17 is 13.1
years with an SD of 1.3 (Figure 1, Table 2). The distribu-
tion of age at menarche is concentrated at ages 12, 13,
and 14 years. Further, only 1.2% of the sample of 521
youths aged 15 said they had not yet menstruated. The
average age of 13.1 years coincides relatively closely with
figures collected for the 1960s and 1970s for certain Eu-
ropean countries, although in several other developed
countries, including the United States, average ages ap-

8t is important to note that the information on hours refers to the
principal job, whereas labor earnings refers to all jobs. There is no
way to adjust for this difference, as the survey does not mention the
total number of jobs. Still, the proportion of women in the National
Urban Employment Surveys (undertaken by INEGI on a quarterly
basis) who report a second job is very low.

proach 12.5 years (Marshall, 1978). By comparison, Diaz
de Mathman, Landa Rico, and Ramos Galvan (1968a and
1968b) reported an average age of 12 years (confidence
interval, £13 months) among well-nourished young
women and an average age of 13.4 years (confidence in-
terval, £10 months) among poorly nourished young
women from Mexico City. The overall average age was
12.8 years (confidence interval, £16 months). Using the
status quo method, Jacobo and Malacara (1985) found an
average age at menarche of 12.8 years (confidence inter-
val, £1.3 years) in a population of urban, Mexican ado-
lescents with no significant difference based on socioeco-
nomic status.

There is a small but consistent negative correlation
between menarche and age cohort (Table 3). The time

TABLE 2. Distribution of age at menarche.

Menarche Frequency % Cumulative (%)
10 184 1.69 1.69
11 871 7.99 9.68
12 2,596 23.82 33.50
13 3,066 28.13 61.63
14 2,423 22.23 83.86
15 1,345 12.34 96.20
16 323 2.96 99.17
17 91 0.83 100.00
Total 10,899 100.00
Mean = 13.14
SD =1.34
Kurtosis = 2.81

Observed = 10,899
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TABLE 3. Age at menarche by age cohort, level of education, and rural-

urban residence.

Age at menarche

Mean Mode SD Skewness Kurtosis Observed
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
Education
(years) 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

trend in age at menarche across birth cohorts is measured
with more precision following Schultz (1996), by regress-
ing menarche on age and controlling for the proportion
of the population in a community that does not speak
Spanish—the only information available on ethnic back-
ground. The ordinary least squares (OLS) linear trend
suggests a rate of decline of slightly less than one month
per decade in Mexico (b = 0.011, t = 8.54). The finding of
a long-run decline is consistent with other studies sum-
marized above that show a secular decline over the past
100-150 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 developed
countries.®

Increases in education are also associated with a slightly
more pronounced decline in age at menarche (Table 3).
Women with no formal education report an average age
of menarche of 13.3 years compared with 13.2, 13.0, and
12.8 years for women with at least some primary, sec-
ondary, and higher education, respectively. This partly
explains the cohort effect, as education levels have in-
creased substantially in Mexico during the past decades.
Still, the inverse relationship between menarche and edu-
cation is also evident within cohorts (Table 4).

Rural residence is associated with older onset me-
narche. The average age is 13.2 compared with 13.0 years
in urban areas.’® This is a lower-bound estimate, as it is
based on current residence. It is likely that half the sample
of women living in urban areas at the time of the survey
were rural residents during infancy and childhood or at

° A large part of this divergence is likely to be attributable to dif-
ferences in data collection strategies.

10 Although there are only six cases of 15-year-olds who have not
menstruated, it is interesting to note that the proportion is higher in
rural areas.

the time of menarche. The higher number is related to a
variety of factors including the greater prevalence of
malnutrition and the scarcity of health services in rural
areas as well as selective migration, poverty, and educa-
tional achievement.

Menarche shows a weak but steadily declining pattern
with respect to the distribution of hourly labor income
(Figure 2, Table 5). Women in the lowest wage quartile
have a reported mean age at menarche of 13.3 years com-
pared with 13.0 in the highest decile. It is interesting to
note that the average age at menarche is virtually identi-
cal among labor force participants and those who do not
work.

In summary, the tabulations show that, in cross-sec-
tional data, menarche tends to be inversely related to age,
education, and wages, and it tends to be lower in urban
areas. Although the trends tend to be small, the patterns
are consistent both overall and within cohorts. The find-
ings coincide with the expected link to malnutrition and
to the socioeconomic determinants of age at menarche
cited above.

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 menarche. 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 composed of 11 variables related
to the accessibility of public and health services, the qual-
ity of housing, and the level and availability of educa-
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TABLE 4. Age at menarche by age cohort and level of education.

Mean age
Age cohort at menarche SD Skewness Kurtosis Observed
18-24
Education (years)
0 13.11 1.21 -0.08 2.65 171
1-6 13.14 1.28 0.32 2.95 1,403
7-12 12.95 1.36 0.32 2.84 1,481
13+ 12.81 1.35 0.57 3.12 186
25-34
Education (years)
0 13.20 1.30 0.08 3.02 379
1-6 13.21 1.30 0.19 2.94 1,755
7-12 12.97 1.40 0.31 2.98 1,125
13+ 12.84 1.41 0.20 2.58 268
35-44
Education (years)
0 13.30 1.32 0.10 2.91 509
1-6 13.25 1.33 0.13 2.70 1,544
7-12 13.17 1.35 0.25 2.99 351
13+ 12.80 1.51 0.50 2.89 125
45-54
Education (years)
0 13.33 1.34 -0.06 2.53 514
1-6 13.39 1.33 -0.09 2.79 851
7-12 13.23 1.55 0.15 2.40 132
13+ 12.97 1.42 -0.13 2.58 37

FIGURE 2. Age at menarche by hourly wage, ages 18-54.
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TABLE 5. Wage percentiles.
0-25 26-50 51-75 76-90 91+

Mean 13.25 13.08 13.18 13.02 12.99
SD 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 2.74 2.85 2.68
Observed 770 835 762 476 313

tional resources. This assumes that the present distribu-
tion of services and resources is correlated with the dis-
tribution that prevailed at the time when, and in the place
where, a woman grew up and experienced menarche. The
first four instruments are indicators of the lack of avail-
ability of basic services in the community and poor qual-
ity of housing. These factors should be associated with
an older age at menarche as they indicate higher health
risks and poverty. The variables included in the instru-
ment set are the proportion of individuals in each mu-
nicipality whose homes have an earthen floor, who do
not have indoor drainage or sanitary facilities, who live
in overcrowded conditions, and who do not have access
to running water. This information is from SIMM.

Increasing availability and access to health services
should be negatively correlated with age at menarche.
Three instruments are used as indicators of the availabil-
ity or accessibility of personal health services. The first
variable is distance in km from the site to the nearest
health center using data from the NFPS. The sign is ex-
pected to be positive. This variable is somewhat difficult
to interpret given the multiplicity of providers of per-
sonal health services discussed in the first section of this
paper. Services may be provided through the Secretariat
of Health, the social security system, state and other pub-
lic welfare systems, pharmacies, and, to a lesser degree
in rural areas, private clinics and individual physicians
and practitioners. The survey includes information on all
the public and social security clinics, although no infor-
mation is given about distance to private clinics. The vari-
able is designed to measure the distance to the nearest
public or social security clinic. Although the uninsured
theoretically are unable to use social security clinics, many
of the units in rural areas form part of the IMSS system,
which is open to the general public and targeted toward
the poor and uninsured.

The other two instrumental variables for the accessi-
bility of personal health services are related to the pres-
ence of trained practitioners. The number of physicians
per capita is constructed by combining the information

11 For a more detailed discussion of the organization and usage
patterns of the different parts of the system see Frenk et al. (1994b)
and Secretaria de Salud (1994).

from the community survey of the NFPS with the infor-
mation on municipalities. Thus, physicians per capita is
calculated for all individuals living in sites using the NFPS
and for residents of larger conglomerates using the in-
formation at the level of the municipality.?? This variable
enters into the second set of instruments in addition to
the variables for earthen floors, drainage, and distance
toclinics.®® A dummy variable indicating the presence of
a community health worker at the level of the site is de-
rived from the NFPS data. This variable is expected to be
particularly important in the smaller and poorer com-
munities. Both variables are expected to be negatively
related to age at menarche.

Education is considered an important input in enhanc-
ing the ability of the individual and the family to make
more efficient use of health technology (World Bank,
1993). Given the externalities that apply to public health
services, the impact of education is likely to operate at
the level of both the individual and the community. For
this reason, measures of the level of education and ac-
cess to educational services of the community constitute
another group of instruments. The average level of edu-
cation is measured as the proportion of the population
with incomplete primary schooling and the proportion
over age 15 who report that they are illiterate according
to SIMM data. Access to education, under the assump-
tion that the present allocation of educational services is
related to earlier patterns, is measured by the distance in
kilometers to the nearest secondary school and adummy
if the site has no secondary school. These data come from
the community model of the NFPS. Each of these mea-
sures is expected to be associated with being older at
menarche.

The empirical results suggest that, as hypothesized, the
public service and housing variables are significant in the
regression of wages on age at menarche (Table 6). The
largest and most significant effect is through the pres-
ence of sanitary facilities and the proportion of the popu-
lation living in housing with earthen floors. The marginal
impact of overcrowding and running water is insignifi-
cant. Of particular interest are the findings that the per-
sonal health service variables have almost no significant

2 physicians include only those individuals who have completed
their medical training and obtained a license. Students undertak-
ing their social service are not counted.

13 Another instrumental variable for health services that was ex-
plored in the composite indicator of accessibility of health services
was developed by Wong et al. (1997). This indicator uses factor analy-
sis to optimally combine information on health personnel, clinics,
and hospitals within a 10-km radius of the political center (cabecera)
of each municipality. The coefficients are somewhat difficult to in-
terpret given that the women under consideration in this study may
not live in the cabeceras and the results of the instrumental variable
regressions do not differ substantially from those reported below.
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TABLE 6. Determinants of age at menarche by residence.?

Independent variables All Urban Rural
Community level policy variables (instrumental variables)
Public services and quality of housing
% of population with earth floor (x100) 0.473 1.233 0.297
(3.61) (4.04) (2.02)
% of population without toilet or drainage facilities (x100) 0.404 0.630 0.397
(3.50) (2.42) (2.98)
% of population living in overcrowded conditions (x100) 0.150 0.343 -0.023
(0.57) (0.79) (0.07)
% of population without running water (x100) 0.028 -0.326 0.074
(0.31) (1.58) (0.68)
Personal health services
Distance (km) to nearest nonprivate health center (urban = 0 km) (x100) 0.091 0.125
(0.35) (0.48)
Dummy distance to health center missing (1 = missing values)? -0.097 -0.087
(2.15) (1.90)
Number of physicians per capita in localidad or municipality (1/100) -0.288 -0.264 -0.369
(1.61) (0.63) (1.76)
Dummy for the presence of a community health worker in localidad 0.037 0.029
(1.03) (0.77)
Educational capital
% of population over age 15 with incomplete primary education (x100) -0.167 -0.399 -0.343
0.71) (0.90) (1.11)
% of population over age 15 that is illiterate (x100) -0.284 -1.428 0.316
(1.08) (3.04) (0.97)
Distance (km) to nearest secondary school (urban = 0) (x100) 0.148 0.195
(1.44) (1.85)
Dummy distance to school missing (1 = missing values) -0.049 -0.046
(1.07) (1.00)
Dummy for no secondary school in the localidad -0.096 -0.083
(1.56) (1.35)
Other human capital variables
Education in years (x10) -0.122 -0.247 0.012
(3.18) (4.56) 0.21)
Age of woman (x100) -0.147 0.172 -0.159
(0.16) (0.12) (0.13)
(Age of woman)? (x100) 0.014 0.005 0.018
(1.04) (0.24) (1.06)
Controls for ethnicity and residence
% of population in localidad who do not speak Spanish -0.038 -0.071
(0.37) (0.65)
Dummy for missing values (1 = missing values) -0.447 -0.464
(4.24) (4.30)
Altitude (km above sea level) 0.009 -0.015 0.008
(0.92) (0.55) (0.72)
Dummy values for altitude missing (1 = missing values)® -0.096 -0.142
(0.91) (1.30)
Dummy rural-urban (rural = 1) 0.250
(4.35)
Dummy oversampled states (oversampled = 1) 0.126 0.137 0.129
(2.48) (1.95) (1.68)
Distance (km) to most common market (urban = 0) (x100) -0.372 -0.318
(2.97) (2.39)
Dummy distance to market missing (1 = missing values)® 0.292 0.323
(2.50) (2.76)
Constant 12.659 12.796 12.903
(60.93) (37.41) (47.33)
F statistic 15.16 11.87 7.53
R? 0.03 0.03 0.03
n 10,831 4,459 6,372

(Continued)
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TABLE 6. (continued)

Independent variables All Urban Rural
Wald test of joint significance

All community-level policy variables 9.26 7.8 5.77
(0.00, 13) (0.00, 7) (0.00, 13)
Public service and quality of housing variables 9.77 6.46 4.89
(0.00, 4) (0.00, 4) (0.00, 4)
Personal health service variables 1.91 0.4 1.68
(0.12, 4) (0.53, 1) (0.15, 4)
Educational capital variables 2.39 6.81 1.71
(0.04, 5) (0.00, 2) (0.13, 5)
Age and age? 16.63 2.71 17.96
(0.00, 2) (0.07, 2) (0.00, 2)

*Dependent variable: age at menarche (restricted to 10-17), OLS regressions (absolute value of t in parentheses). Sample: women ages 18-54; menarche between

ages 10 and 17.

"Applies only to rural areas because the variable is assumed to be 0 for urban areas.

“Oversampled states: Chiapas, Estado de México, Guanajuato, Guerrero, Hidalgo, Michoacdn, Oaxaca, Puebla, and Veracruz.
4Wald test of joint significance, F statistic with probability at 10% significance and degrees of freedom in parentheses.
¢Standard errors calculated using robust (Huber, White, Sandwich) estimator of variance provided with STATA.

impact. Only the variable for physicians is significant at
the 10% level in rural areas. The sign, as hypothesized, is
negative. The variables measuring the average level of
education in the community are also generally insignifi-
cant. One surprising result is the negative, significant
coefficient on illiteracy in the urban areas. This could be
related to multicolinearity. The measure of distance to
the nearest secondary school is positive and significant
in the rural equation. The rest of the measures are gener-
ally insignificant.

Based on the results of the F tests reported at the bot-
tom of the table, the instrument set is jointly significant
for the regression on the full sample as well as for each of
the rural and urban areas. Further, the public service and
housing variables are also jointly significant in each of
the regressions. The group of personal health service vari-
ables is much weaker and is significant at the 11% level
only for the full sample. The educational capital variables
are also weak, although they are jointly significant at the
4% level for the full sample.

The coefficients on the control variables support the
descriptive results presented in the first section. Educa-
tion, and especially age, are also important determinants
of menarche. Coincident with the descriptive results,
menarche decreases with level of education and occurs
earlier among younger cohorts. It is somewhat challeng-
ing to interpret the role of the education variable given
that menarche and secondary school are likely to be co-
incident. It is probable that this variable is measuring is-
sues related to the educational capital of the family in
which the women grew up. Further, the fact that all the
education variables, at the level of both the woman and
the community, are significant only 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 speci-
fication in order to more closely approximate the specifi-
cation used later in the wage equation. Although each of
the terms in the quadratic specification is insignificant,
the Wald tests of joint significance show that age is an
important determinant of menarche. The linear specifi-
cation (not presented in the table) suggests that an in-
crease of 1 year in age is associated with an increase of 1
month in the age at menarche for the complete sample.
The effect is larger and more significant in rural areas,
reaching approximately 1.5 months per year. In urban
areas, the effect is only 0.5 month.

The results for the control variables for ethnicity and
residence also reinforce the descriptive results. Age at
menarche is older in rural areas and older in the over-
sampled, 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 me-
narche. Further, 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 the population that does not speak
Spanish is negative and significant. This is likely to re-

% The regressions on the determinants of menarche were repeated
excluding the dummy for missing values of the variable for the
population who do not speak Spanish. The variable for not speak-
ing Spanish remains insignificant and negative, and the other vari-
ables in the regression show no significant change either in sign or
in magnitude. The only notable impact is that the variable indicat-
ing missing values for distance to the nearest market becomes in-
significant, which suggests some degree of multicollinearity between
the indicators of missing values.
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flect the fact that the information is missing for a few
larger municipios that are registered in the NFPS as sites
yet are registered with much larger populations in other
sources.

The findings of this section underscore the importance
of a variety of individual factors in explaining the evolu-
tion in age at menarche. There is a strong, positive asso-
ciation with the age of the women, rural residence, and
living in a poorer state. This is likely to reflect the impor-
tant improvements over time and with economic de-
velopment of nutritional and health status. Further, the
community-level variables have a significant overall
effect on age at menarche. Still, personal health services
show a negligible impact, and public services and hous-
ing are the dominant determinants.

WAGE REGRESSIONS

This section develops the empirical estimates of the im-
pact of investment in the health and nutrition of women
on wages by using variation in the age at menarche as a
proxy for health and nutrition. Although previous sec-
tions of this paper developed arguments to support the
existence of an important link between childhood and
adolescent nutritional status, labor market productivity,
and age at menarche, the functional form of the associa-
tions is not clear. There may be a linear relationship be-
tween wages and menarche, but it is also possible that
this linkage involves returns to scale or is mediated by
complementarity between health and education. Given
this potentially nonlinear relationship, a variety of speci-
fications of the menarche variable in the wage equation
are explored in this section. In particular, the regressions
are run using a linear, a logarithmic, a quadratic, and an
interaction with education as different specifications 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 7. As a point of
reference, the OLS result is given for the double-loga-
rithmic specification and the menarche variable is insig-
nificant.’> This, contrasted with the significant results
for the instrumental variable regressions, suggests the
presence of downward attenuation bias due to errors of
measurement.

15 Other OLS regressions were also run, but they are not reported.
The relationship between menarche and wages is negative and sig-
nificant in a simple OLS regression with no other control variables.
Adding education and experience to the human capital equation
reduces the impact of menarche and renders the coefficient statisti-
cally insignificant.

The first column of the instrumental variable regres-
sions refers to the double-logarithmic, the second column
refers to the linear, and the third column refers to the
guadratic specification of the functional relationship be-
tween 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 col-
umn includes both a quadratic specification of the me-
narche variable and the education interaction term.

The effect of age at menarche, in both the double-loga-
rithmic (column 1) and the semilogarithmic specifications
(column 2), is negative and significant. The quadratic
function (column 3) also shows an inverse relationship
between menarche and wages. Further, the three func-
tions 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% in hourly wages. The results of the double-loga-
rithmic specification suggest that a fall of 1% in menarche
results in an increase of 3.54% in wages. This number is
very similar to the coefficient for the linear specification
in that a decline of 1 year in menarche is equivalent to a
change of 7.63% at the mean age of menarche of 13.15
years, resulting in a wage increase of 24%. Further, the
guadratic specification suggests that a change of 1 year
in menarche is associated with a 23% difference in wages
at the mean age at menarche.

The quadratic specification of the menarche variable
gives especially interesting results. The coefficient on the
linear term is negative and significant and that of the
squared terms is positive and significant. This suggests
some nonlinearity in the variable and that the gains to
investments in childhood nutrition and health have a
greater payoff at higher levels of nutritional status. In
other words, the impact on wages is more pronounced
at younger ages of menarche that correspond to healthier,
better nourished women. The function reaches a mini-
mum between ages 13 and 14 and demonstrates a range
with a positive slope between ages 14 and 17.

The finding of higher returns among healthier and bet-
ter nourished women contrasts with previous work and
must be interpreted with caution. Strauss (1986), for ex-
ample, evaluated the impact of health on productivity in
Sierra Leone and found decreasing returns to scale using
calories as a measure of health. Further, the low explana-
tory power of the instruments, the lack of previous re-
search using age at menarche, and the nature of the sur-
vey and its sample used in this research suggest the need
to be careful in interpreting the result of increasing re-
turns. Still, the finding does suggest many interesting
hypotheses for further study. First, it is possible that
menarche is a variable that is very nonlinear in terms of
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TABLE 7. Wage functions® with various specifications of the menarche variable estimated by instrumental variables;"
sample, women ages 18 to 54, menarche between ages 10 to 17 (absolute value of t in parentheses).
Instrumental variable

Independent variables OLS (1) (2) (3) (4) (5)
Menarche (estimated by instrumental variables)
In(menarche) 0.089 -3.524
(0.56) (2.44)
Menarche -0.261 -7.258 -0.569 -6.688
(2.35) (2.26) (2.31) (2.01)
Menarche squared 0.266 0.240
(2.18) (1.84)
(Menarche) x (years of education) 0.047 0.019
(1.44) (0.49)
Other human capital variables
Education in years 0.135 0.130 0.131 0.117 -0.484 -0.127
(29.51) (24.50) (25.06) (13.04) (1.13) (0.26)
Experience (age — education in years — 6) (x10) 0.34 0.375 0.375 0.363 0.336 0.349
(6.60) (6.41) (6.41) (5.18) (5.06) (4.78)
Experience? (x1,000) -0.414 -0.438 -0.435 -0.503 -0.324 -0.452
(3.44) (3.34) (3.33) (3.25) (1.97) (2.46)
Control for ethnicity and residence
% of population in Jocalidad who do not speak Spanish -0.527 -0.503 -0.498 -0.655 -0.546 -0.659
(2.24) (2.11) (2.09) (2.45) (2.23) (2.51)
Dummy for missing values (1 = missing values) -0.033 -0.164 -0.165 -0.007 -0.060 0.020
(0.24) (1.09) (1.09) (0.04) (0.35) (0.10)
Altitude (km above sea level) 0.012 -0.013 -0.013 -0.012 -0.003 -0.008
(0.72) (0.79) (0.79) (0.68) (0.14) (0.42)
Dummy for missing values (1 = missing values)* 0.077 -0.098 —0.091 -0.107 -0.151 -0.130
(0.46) (0.53) (0.49) (0.47) (0.79) (0.57)
Dummy rural-urban (rural = 1) -0.025 0.062 0.061 0.007 0.064 0.014
(0.56) (1.06) (1.03) (0.10) (1.05) (0.19)
Dummy oversampled states (oversampled = 1)¢ -0.132 -0.038 —0.041 -0.046 -0.046 -0.047
(2.56) (0.57) (0.62) (0.54) (0.69) (0.59)
Distance (km) to most common market (urban = 0) (x100) 0.026 -0.020 -0.030 0.259 -0.105 0.200
(0.17) (0.12) (0.17) (1.13) (0.57) (0.77)
Dummy distance to market missing (1 = missing values)® -0.163 -0.145 -0.140 -0.300 -0.267 -0.335
(0.75) (0.65) (0.62) (1.21) (1.07) (1.33)
Constant 0.021 9.170 3.546 49.147 7.599 46.251
(0.05) (2.51) (2.53) (2.35) (2.36) (2.18)
n=3,155
R? 0.26
F statistic 99.61 83.12 84.22 51.29 73.41 53.81
Hausman test 6.714 6.177 5.648 7.242 9.503
[P > X?, degrees of freedom (df)] 0.01, 1) 0.01, 1) (0.01, 2) 0.03,2)  (0.001, 3)
Overidentification test 33.37 33.92 34.51 32.65 23.58
(P>x2 df=13) (0.00) (0.00) (0.00) (0.00) (0.04)

F test for joint significance of instruments using sample of positive wage earnings: 3.77 (P > F = 0.00, df = 13)

aStandard errors are calculated using robust (Huber, White, Sandwich) estimator of variance provided with STATA. There is no correction for sample selection as the
inverse Mills ratio is insignificant using available identifying variables. Hourly positive wages of salaried and unsalaried workers using weekly wages as the base.

"The instrumental variables are % of population in municipality with earth floor in their homes and distance to the nearest nonprivate health center. % of population
without running water, % of population over age 15 with incomplete primary education, % of population over age 15 who are illiterate, distance (km) to nearest
nonprivate health center (urban = 0 km), dummy distance to health center missing (1 = missing values), number of physicians in localidad or municipality, dummy for
the presence of a community health center in Jocalidad, distance (km) to nearest secondary school (urban = 0), dummy distance to school missing (1 = missing values),
dummy for no secondary school in the localidad, controls for ethnicity and residence, % of population in localidad who do not speak Spanish, dummy for missing
values (1 = missing value), altitude (km above sea level), dummy for missing values (1 = missing value), dummy rural-urban (rural = 1), distance (km) to most common
market (urban = 0), dummy distance to market missing (1 = missing values), dummy oversampled states (oversampled = 1). Dummies for missing values are included
for distance to nearest health clinic and for distance to nearest secondary school.

Applies only to rural areas because distance is assumed to be 0 for urban areas.

dOversampled states are Chiapas, Estado de México, Guanajuato, Guerrero, Hidalgo, Michoacdn, Oaxaca, Puebla, and Veracruz.
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the investment in health and nutrition required to gain a
reduction at younger ages. Specifically, it may be the case
that a small investment in health or nutrition results in a
reduction from age 17 to age 16 but that further reduc-
tions around the age of 13 are related to much greater
investment in nutritional and health status. Further, it
may be that the earlier gains are related to genetic or other
factors not well measured in the model. It is also possible
that labor market productivity gains related to invest-
ment and nutrition are associated with a higher payoff at
the upper end of the productivity distribution. Finally,
the cross-sectional nature of the data may drive part of
the results in the quadratic specification, suggesting that
longitudinal data will be needed to develop a stronger
explanation of nonlinearities in the health, nutrition, la-
bor market productivity nexus.

The last two specifications of the wage function include
the interaction of age at menarche with years of school-
ing. The instrument set remains the same, and the linear
term on years of education is treated as exogenous,
whereas 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 (Mook and Leslie, 1986). The
results of introducing this term are much weaker (Table
7, columns 4 and 5). The menarche variable retains its
negative sign and significance in both the semilogarith-
mic (column 4) and the quadratic specifications (column
5). The magnitude of the coefficient increases with the
addition of the interaction term in the semilogarithmic
case, yet the coefficients for the quadratic are similar to
column 3 without the interaction term. The coefficients
on the interaction term are insignificant. Further, the co-
efficient on the exogenous, years of education variable
becomes insignificant. These results may reflect the need
to endogenize both education and menarche 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 the regres-
sions. The returns to education vary between 12% and
13%. The insignificance of the rural and of the over-
sampled state dummies is surprising given the results of
the first stage of the regression. Still, this may be due to
differential rural-to-urban migration or to the special
characteristics of the sample of the NFPS. When the re-
gressions are repeated on the urban and rural samples
separately, the impact of menarche is stronger for the
urban areas. 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 differences 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 vari-
ance in the endogenous variable of interest (Staiger and
Stock, 1997). Still, the overidentification tests reject the
equality of coefficients, which suggests some misspec-
ification of the instrumental variables.

Although the set of instruments is jointly significant
even for the restricted sample of positive wage earners,
it is important to highlight the limitations of these vari-
ables. First, the explanatory power of the overall regres-
sionis very low. Although this is not unusual in estimates
of health production functions (see, for example, Schultz
and Tansel, 1997), it is worrisome. Recent studies on the
validity of instrumental variable estimation with weak
instruments suggest that results may be biased (Bound
et al., 1995). Further, the available instruments 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 these are correlated with the conditions in the
place and at the time when the women were growing
up. Given these considerations, the robustness of the find-
ings is tested by repeating the analysis with a variety of
instrument sets including state-level fixed effects by in-
cluding information on the mother for a subset of the
women under study and by restricting 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 instrument set, although the magnitude of
the impact of menarche on wages increases when the
number of instruments is reduced. These results are pre-
sented for the double-logarithmic specification in Table
8. Further, the differences in the strength and magnitude
of the coefficient underscore the unimportance of the
personal health service variables (line 3) and the contrast-
ing strength of the public service and housing variables
(line 2) as determinants of age at menarche. These results
coincide with the findings from the estimates of the health
production function presented in the previous section. If
the instruments are limited to the four public service and
housing variables (line 2), the effect of a 1% increase in
age at menarche increases to 6.36%. The effect is 6.53% if
only type of flooring and drainage facilities are used as
instruments (line 5). If personal health services and edu-
cational capital are included, the effect is 4.76% (line 10).
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TABLE 8. Impact of a 1% increase in age at menarche on hourly wages with varying instrument set.?

Instrument set

Coefficient of menarche

(logarithmic specification) t statistic for the coefficient

1. Complete set -3.52 -2.44
2. Public services and housing quality (including all four instruments) -6.36 -3.25
3. Personal health services (including all three instruments) -1.68 -0.36
4. Education level and educational services (including all four instruments) -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 (including all four instruments) and -3.75 -2.50
education level and educational services (including all four instruments)
9. Public services and housing quality (including all four instruments) and -5.61 -3.16
personal health services (including all three instruments)
10. Personal health (including all three instruments), education level and —4.67 -2.35

educational services (including all four instruments)

“The model is identical to column 2 of the instrumental variable estimates presented in Table 7 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.

The results of the quadratic specification are also ro-
bust to varying the instrument set, although they are
much more sensitive than in the case of the linear or loga-
rithmic specification. Specifically, the coefficients lose
individual significance with the exclusion of a large num-
ber of the instruments. They are robust in terms of sig-
nificance and magnitude to the exclusion of any part of
the instrument set other than the educational access and
capital variables as well as to dividing the sample be-
tween the rural and urban areas.

The robustness of the instrumental variable wage equa-
tion was also tested by adding a full set of state dummies
to the equations (Table 9). This latter specification pro-
vides a test for the validity of the instrumental variable
instruments. Although the full set of dummies absorbs a
substantial degree of the geographic variation that is not
attributable to the accessibility of health services and lo-
cal levels of education, the coefficient on the menarche
variable is stable in sign, magnitude, and significance.

To further test the strength of the model, both the analy-
sis of the determinants 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 pos-
sible to identify education of the mother and, for the fur-
ther reduced sample of those whose mother is between
15 and 54 years old, her age at menarche. Although these
are very select groups, the analysis provides additional
insight into the importance of family-level genetic and
socioeconomic determinants of age at menarche. The sign
and significance of the menarche variable is robust to this
respecification.

The analysis was also repeated for the restricted sample
of younger cohorts. This provides a strategy for testing

16 These results are available from the author.

the sensitivity of the results to issues related to differen-
tial migration. In particular, these regressions provide
insight into the importance of using instruments based
on current conditions at the community level, which are
likely to differ from the situation experienced by the
women under study when they experienced childhood
and adolescence. Further, given that the probability of
migration increases over time, it is also more likely that
younger cohorts reside in the place where they experi-
enced puberty. The results of the wage regressions are
very stable both to restricting the sample to women ages
44 and younger as well as to a further reduction to in-
clude only women between the ages of 18 and 30. The
signs, magnitudes, and levels of significance of the im-
pact of age at menarche on wages are similar to the re-
sults for the complete sample. This is true for all five speci-
fications of the instrumental variable wage regression and
for both age groups. Considering the quadratic specifi-
cation, for example, the coefficients are 9.9 (t statistic =
2.4) and 0.36 (t statistic = 2.3) and -8.9 (t statistic = 2.5)
and 0.33 (t statistic = 2.5) for women ages 18-44 and 18-
30, respectively.

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

CONCLUSIONS

This paper proposes age at menarche as a factor that can
be used to estimate labor market returns to childhood
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TABLE 9. Wage function® with varying specifications of the menarche variable and including full set of state
dummies,’ estimated by instrumental variables;csample, women ages 18-54, menarche between ages 10 and 17
(absolute value of t in parentheses).

Instrumental variable

Independent variables OLS ) ) 3) 4) (5)
Menarche (estimated by instrumental variables)
In(menarche) (restricted to 10-17) 0.116 -3.264
(0.73) (1.57)
Menarche -0.238 -5.303 -0.632 -3.474
(1.51) (1.43) (2.17) (0.86)
Menarche squared 0.190 0.110
(1.37) 0.71)
Menarche and years of education 0.055 0.041
(1.67) (1.10)
Other human capital variables
Education in years 0.132 0.128 0.129 0.119 -0.593 -0.414
(28.09) (22.12) (22.91) (12.39) (1.38) (0.86)
Out-of-school experience 0.035 0.038 0.038 0.038 0.034 0.035
(6.86) (6.54) (6.56) (5.78) (5.00) (5.13)
Experience? (x100) -0.043 0.000 0.000 0.000 0.000 0.000
(3.62) (3.42) (3.42) (3.33) (1.87) (2.09)
Controls for ethnicity and residence
% of population in localidad who do not speak Spanish -0.423 -0.417 -0.414 -0.485 -0.478 -0.503
(1.76) (1.71) (1.70) (1.89) (1.88) (1.98)
Dummy for missing values (1 = missing value) -0.043 -0.167 -0.166 -0.070 -0.052 -0.025
(0.32) (1.02) (1.01) (0.35) (0.28) (0.13)
Altitude (km above sea level) -0.027 -0.028 -0.028 -0.027 -0.012 -0.016
(1.39) (1.47) (1.47) (1.39) (0.57) (0.72)
Dummy for missing values (1 = missing value)® -0.059 -0.188 -0.179 -0.269 -0.231 -0.270
(0.34) (0.97) (0.93) (1.16) (1.15) (1.23)
Dummy rural-urban (rural = 1) -0.030 0.046 0.044 0.030 0.059 0.047
(0.68) (0.67) (0.64) (0.40) (0.80) (0.62)
Distance to most common market (km) (x100) 0.046 0.001 -0.007 0.193 -0.126 0.021
(0.29) (0.01) (0.04) (0.82) (0.64) (0.07)
Dummy distance to market missing (1 = missing value) -0.188 -0.172 -0.167 -0.296 -0.293 -0.335
(0.86) (0.77) (0.75) (1.24) (1.16) (1.36)
Constant -0.164 8.450 3.189 36.623 8.372 26.466
(0.39) (1.59) (1.58) (1.50) (2.20) (1.02)
n=3,155
R? 0.2711
F statistic 45.43 40.69 41.50 28.15 35.22 38.04
Hausman test 6.176 6.050 4.024 4.546 6.536
[P > x?, degrees of freedom (df)] (0.13, 1) 0.01, 1) (0.13, 2) (0.10, 2) (0.09, 3)
Overidentification tests 29.22 29.64 22.73 24.93 24.28
(P>x? df =13) (0.01) (0.01) (0.05) (0.02) (0.03)

F test for joint significance of instruments using positive wage earners: 1.87 (P > F = 0.0291, df = 13)

Standard errors are calculated using robust (Huber, White, Sandwich) estimator of variance provided with STATA. There is no correction for sample selection as the
inverse Mills ratio is insignificant using available identifying variables.

bIndividual state dummies are included but not reported.

“The instrumental variables are % of population in municipality with earth floor in their homes and distance to the nearest nonprivate health center. % of population
without running water, % of population over age 15 with incomplete primary education, % of population over age 15 that is illiterate, distance (km) to nearest
nonprivate health center (urban = 0 km), dummy distance to health center missing (1 = missing values), number of physicians in localidad or municipality, dummy for
the presence of a community health center in Jocalidad, distance (km) to nearest secondary school (urban = 0), dummy distance to school missing (1 = missing values),
dummy for no secondary school in the localidad, controls for ethnicity and residence, % of population in localidad who do not speak Spanish, dummy for missing
values (1 = missing value), altitude (km above sea level), dummy for missing values (1 = missing value), dummy rural-urban (rural = 1), distance (km) to most common
market (urban = 0), dummy distance to market missing (1 = missing values), dummy oversampled states (oversampled = 1). Dummies for missing values are included
for distance to nearest health clinic and for distance to nearest secondary school.

dOversampled states are Chiapas, Estado de México, Guanajuato, Guerrero, Hidalgo, Michoacan, Oaxaca, Puebla, and Veracruz.

cApplies only to rural areas because the variable is assumed to be 0 for urban areas.
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investments in health and nutrition. Measurement error,
combined with simultaneity, however, suggests the need
to use instrumental variable techniques when estimat-
ing 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 40-50 years. The decline has been
somewhat slower than in the developed world. Factors
associated with this decline include urbanization, in-
creased levels of education, and improved living condi-
tions. In particular, variables that measure access to pub-
lic services and the quality of housing appear to have an
important impact. The proportion of the community with
earth flooring in their homes and the proportion who lack
toilet or drainage facilities are particularly strong corre-
lates of menarche. Access to personal health services
appears to have little marginal impact on the age at
menarche.

The findings reported here suggest that nutrition and
cumulative health status, measured by age at menarche,
have a significant effect on the labor market productivity
of Mexican women. Younger ages at menarche are asso-
ciated with higher wages. The overall effect is masked in
an OLS wage equation because of errors of recall, round-
ing by year, and misreporting of the variable. The instru-
mental, errors-in-variables model suggests that a decline
of one year in age at menarche is associated with a wage
increase of 23%-26%. This value is consistent using a
double-logarithmic, semilogarithmic, or quadratic speci-
fication of the menarche variable. The results suggest the
possibility of higher returns to some health investments
among the healthier segments of the population. This
finding deserves further research as it contrasts with the
existing evidence that suggests that health has a larger
return at lower levels of health and that the importance
of health investments as inputs into labor productivity
will decline with economic development (Strauss and
Thomas, 1998).

Future research should use other data sets to include
other human capital inputs. It will also be interesting to
broaden the conceptualization of female health by con-
sidering additional measures of health and nutrition.
These should be compared and combined with age at
menarche. Further, it will be important to include addi-
tional information on the origin and migration patterns
of the women in order to better identify the impact of
health, education, and other public services as well as
poverty and living conditions during infancy and child-
hood on health outcomes.

The results of this paper lend support to the impor-
tance of investing in health and early nutrition, particu-
larly through sanitation and housing conditions, in or-
der to improve individual and family well-being and to

reduce poverty. Health has an important, independent
effect as an investment in human capital in addition to
education. Further, the findings suggest that, for the pur-
poses 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 condi-
tion of women.
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ANNEX

TABLE 1A. Differences between women included in the individual
questionnaire and those not interviewed.

Variable Included Excluded
Age
Mean 31.91 30.18
Median 30 27
Observed 11,058 1,392
Groups
18-24 3,246 564
25-35 3,615 389
35-44 2,604 244
45-54 1,588 195
Education
Mean 5.80 6.57
Median 6 6
Observed 11,049 1,374
Labor force participation
Mean 0.29 0.37
Observed 11,058 1,392
Weekly wages
Mean 263.47 265.31
Median 140 175
Observed 3,273 535
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TABLE 2A. Wage functions' with sample selection correction for labor force participation. Log menarche estimated
with instrumental variables;?sample, women ages 18-54, menarche between ages 10 and 17 (absolute value of z in
parentheses).

Instrumental
Probit for labor OLS variable
Independent variables force participation wage function® wage function
Menarche
In(menarche) 0.162 0.080 -3.639
(1.25) (0.50) (2.53)
Other human capital variables
Experience (age — years of education — 6) 0.039 0.030 0.037
(8.79) (3.19) (3.51)
Experience squared (x100) -0.046 -0.035 -0.042
(4.91) (2.43) (2.56)
Education in years 0.084 0.127 0.132
(16.92) (6.73) (6.46)
Controls for ethnicity and residence
% of population in localidad who do not speak Spanish -0.359 -0.446 -0.480
(3.23) (2.27) (1.86)
Dummy for missing values (1 = missing value)? 0.375 -0.087 -0.173
(3.41) (0.56) (1.00)
Altitude (km above sea level) 0.012 -0.015 -0.015
(1.20) (1.26) (0.92)
Dummy for missing values (1 = missing value)?® 0.123 0.099 -0.077
(1.09) (0.64) (0.41)
Dummy rural-urban (rural = 1) -0.277 -0.003 0.050
(7.55) (0.04) (0.58)
Dummy oversampled states (oversampled = 1)* 0.134 -0.145 -0.033
(2.77) (2.17) (0.43)
Distance (km) to most common market (urban = 0) (x100) -0.142 0.075 0.024
(1.27) (0.49) (0.14)
Dummy distance to market missing (1 = missing values)? -0.668 -0.095 -0.157
(4.80) (0.38) (0.56)
Identification of labor force participation
If house has interior sewage connection (sewage = 1) 0.039
(1.14)
Number of bedrooms per family member 0.304
(4.52)
If house has own kitchen (kitchen = 1) -0.119
(2.79)
If house has interior running water (water = 1) -0.058
(1.76)
Inverse Mills ratio® -0.129 0.032
(0.43) (0.10)
Constant -1.950 0.294 9.409
(5.71) (0.39) (2.62)
F statistic 848.81 83.70 33.82
[P > F, degrees of freedom (df)] (values for X? given for probit model) (0.00, 16) (0.00, 13) (0.00, 13)
R? 0.26
n 10,774 3,133 3,133

Hausman statistic: H =7.22, df =1, P> x*> =0.01

'Standard errors are calculated using robust (Huber, White, Sandwich) estimator of variance provided with STATA. Hourly positive wages of all salaried and
unsalaried workers, using weekly hours and wages as the base and dividing by weekly hours.

*The instrumental variables are % of population with earth floor, % of population without toilet or drainage facilities, % of population living in overcrowded
conditions, % of population without running water, % of population over age 15 with incomplete primary education, % of population over age 15 who are illiterate,
distance (km) to nearest nonprivate health center (urban = 0 km), dummy distance to health center missing (1 = missing values, rural), number of physicians in localidad
or municipality, dummy for the presence of a community health center in Jocalidad, distance (km) to nearest secondary school (urban = 0), dummy distance to school
missing (1 = missing, rural), dummy for no secondary school in the localidad, controls for ethnicity and residence, % of population in Jocalidad who do not speak
Spanish, dummy for missing values (1 = missing value, rural), altitude (meters above sea level), dummy for missing values (1 = missing value, rural), dummy rural-urban
(rural = 1), distance (km) to most common market (urban = 0), dummy distance to market missing (1 = missing values, rural), dummy oversampled states (oversampled
= 1). Dummies for missing values are included for distance to nearest health clinic and for distance to nearest secondary school.

*Applies only to rural communities, because the variable is assumed to be 0 for urban areas.

‘Oversampled states: Chiapas, Estado de México, Guanajuato, Guerrero, Hidalgo, Michoacan, Oaxaca, Puebla, and Veracruz.

*The inverse Mills ratio is entered into the instrumental variable wage equation by a two-step procedure.



HeaLTH AND PrODUCTIVITY IN PERUS
AN EmpIricAL ANALYSIS BY GENDER AND REGION!
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INTRODUCTION

This study aims to measure the association between
health and wages in Peru, in order to then explore the
impact that health has on productivity. It also seeks to
assess the consequences of omitting the variable health
from the estimates of other variables included in the wage
equation. Finally, it examines the impact that availabil-
ity of public health care services has on productivity, all
of the above based on the existence of a relationship of
simultaneity between earnings and self-reported health
status.

In the study of economic growth and distribution of
wealth, increasing importance is being attached to hu-
man capital factors as determinants of economic growth
and wage rates. However, only recently have the returns
on investment in health begun to be studied in develop-
ing countries. Recent studies (Schultz, 1997; Schultz and
Tansel, 1997; Thomas and Strauss, 1997) confirm the idea
that health is a form of human capital that influences wage
levels and, therefore, the capacity of individuals to gen-
erate sustained and rising income over time, with imme-
diate positive consequences on the level of expenditure
and living standard of their household members.

The earliest studies that associated health with produc-
tivity were carried out in the framework of the efficiency

! This study was conducted as part of the Latin American Re-
search Network project “Productivity of Household Investment in
Health,” sponsored by the Inter-American Development Bank (IDB).
The author is grateful for the contribution of César Calvo, who as-
sisted in the research, and for the valuable comments of Dr. Paul
Schultz of Yale University, Dr. Bill Savedoff of IDB, and all the par-
ticipants in the seminar “Impact of Public and Private Investment
in Health on Productivity.” The author alone is responsible for any
€ITOTS Or omissions.

2 Professor and investigator at Centro de Investigacion de la
Universidad del Pacifico and Post-doctoral Fellow of the Economic
Growth Center of the Economics Department of Yale University.
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wage hypothesis (Pitt, Rosenzwei, and Hassan, 1990;
Behrman and Deolaliker, 1988; Sahn and Alderman,
1988). These were the first studies that looked at devel-
oping countries and linked nutrition with productivity.

Recently, literature on economics has placed greater
emphasis on the measurement of health status through
the use of indicators included in household surveys.
These health indicators include adult height data, re-
ported morbidity rates, days disabled, and daysill. These
variables are subject to measurement errors, given the
biases that result from self-reporting. Such biases are
obviously correlated with the educational level of the
respondent, household income, and other unobserved
variables.

The inclusion of the health indicator in the wage equa-
tion represents an attempt to measure the returns to
health in the labor market and, at the same time, facili-
tate the evaluation of the effects that public investment
policies have on health status and, consequently, on in-
come. Within this analytical framework, Thomas and
Strauss (1997) used the results of the Brazilian household
survey, which contains information on adult height. The
authors conclude that greater height has a positive effect
on individual productivity. Another interesting finding
from their study is that, when the health variable was
included, the estimated returns to education were 45%
lower for men with no education and 30% lower for men
with secondary or higher education.

Schultz and Tansel (1997) used instrumental variable
estimates for days of disability to estimate wage equa-
tions in Ghana and Cbte d’Ivoire. Their principal finding
was that health status is an explanatory factor in wage
level and that better health status also is associated with
longer productive life.

This study estimated the effects of health on produc-
tivity in Peru. For that purpose, a health indicator based
on days of illness reported by adults in the 15 days prior
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to the interview was used. The data for the study were
derived from Peru’s 1995 National Household Survey.

First, the wage functions for adults by sex and geo-
graphic area (rural and urban) were estimated, with the
health variable instrumented as one of the human capi-
tal variables. Second, the study analyzed the impact that
public investment in health has on wages. The estima-
tion process corrected for the selection bias and controlled
for endogeneity and measurement error in the health sta-
tus indicator. The health variable equation used a set of
identifiers such as health infrastructure (number of health
care facilities per capita), housing infrastructure (hours
of water supply, availability of adequate sewerage, and
type of flooring in the housing unit), and price of health
inputs, which directly affect health but do not directly
influence the determination of wages.

Given the nature of the indicator, the health equation
was estimated using a tobit model censored at zero. The
instruments used were robust, and an inverse relation-
ship was found between age and health status, which is
consistent with the fact that morbidity rates and number
of days ill generally rise with age. Access to adequate
housing infrastructure had a positive effect on health;
conversely, low living standards at the community level
have a negative effect on individual health status for com-
munity residents. In rural areas, non-labor income levels
were not significant.

The wage equation was estimated using a two-stage
procedure (Heckman, 1979; Lee, 1983) and corrected for
the selection bias resulting from the inclusion of non-
participants in the labor market. The wage equations
showed that the rate of return to education was overesti-
mated if the health variable was omitted and that the dif-
ference was greater for the female population than for
the male population in urban areas. The difference in rates
of return (wage equation without health versus wage
equation with health [IV]) was 9.5% and 1.3% for urban
and rural men, respectively, and 15.7% and 1.3% for ur-
ban and rural women, respectively. The results clearly
show the positive effect of health on productivity; the
coefficients were significant and indicated that the im-
pact of more healthy days on wages was greater in rural
populations than in urban ones.

Section 2 describes the database for the study—the 1995
Peruvian National Household Survey—which includes
demographic, social, economic, and health information
on 98,984 individuals in 19,975 households. It also pre-
sents a brief overview of the health and well-being of the
Peruvian population. Section 3 deals with how to mea-
sure health and correct for measurement error, and Sec-
tion 4 is about the simultaneity between health and pro-
ductivity. Section 5 describes the model of analysis, which
is based on the conceptual framework suggested by

Becker (1965). Section 6 explains the econometric estima-
tion model, which takes account of the relationship of
simultaneity that exists between health and wages, the
problem of omission of variables, and measurement er-
ror. Section 7 summarizes the empirical findings of the
study, and Section 8 presents the conclusions and some
policy recommendations.

BAsic DESCRIPTION OF THE DATABASE

The data for this study were drawn from Peru’s 1995
National Household Survey (NHS), which included so-
cioeconomic and demographic information on 19,975
households. The information was compiled between
October and December of that year by the National Sta-
tistics and Informatics Institute (INEI). A total of 98,984
individuals were surveyed.?

Using information from the NHS, Table 1 provides a
basic profile of health and poverty conditions in Peru.
Because of the study’s focus on the productive impact of
health, the data in column 1 of the table relate only to
persons aged from over 17 and under 70 years old—i.e.,
potential wage-earners. According to Table 1, 36.0% of
this population lives in poverty, and 13.2% live in ex-
treme poverty.*

Health status is measured on the basis of morbidity
rates and average number of days ill (in the 15 days pre-
ceding the survey). The latter data are also illustrated in
Figure 1. In both cases, Table 1 shows a negative correla-
tion between poverty and health. Morbidity rates among
the population living in extreme poverty (31.6%) are
clearly higher than the rates in the non-poor population
(25.9%). The average morbidity rate for the working-age
population is 27.0%.

The association between higher poverty and poor
health captures several effects of the interaction of the
two variables and constitutes the subject of this study.
Even as a first approximation to the problem, Table 1 re-
veals that poverty is also associated with lower rates of
health service usage among ill individuals. The rate is
markedly lower among the extremely poor (26.2%) com-
pared to the non-poor (42.9%). Health service usage might
partly explain the negative association between poverty
and health.

Table 2 shows the important role that the public sector
plays in providing health services. On average, 60.0% of
the population that seeks medical attention in case of ill-
ness does so in a public health care facility. The percent-

* The population group analyzed in the study included 51,545
persons over 17 and under 70 years of age.

* The NHS yielded lower percentages of poverty for the popula-
tion as a whole: 32.6% and 12.6%, respectively.
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FIGURE 1. Distribution of days ill.
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TABLE 1. Health conditions, health care, and poverty age is higher for the poor population (63.2%) and even
levels in Peru: population over 17 and under 70 years higher for the population living in extreme poverty
of age. (66.0%). Hence, reliance on public health care services is

Average greater among lower-income households. On the few

number occasions that these households do seek medical care,

Percentage  Reported of days of  Health . . .

Poverty of the morbidity  reported care they receive a greater proportion of such care from min-
levels population rate illness rates istry of health establishments.
Non-poor 64.0% 25.9% 258 42.9% In this context, public investment in health is essential
Poor 22.8% 27.5% 2.74 32.8% to improve health conditions in the country. Presumably,
Extremely poor 13.2% 31.6% 2.88 26.2% poverty would also be alleviated by investing in health, if
Total - 27.0% 2.65 38.0%

Source: National Household Survey, Peru, 1995.
Table prepared by the author.

health leads to higher earnings and if it can be shown that
health yields positive and substantial returns. Table 3

TABLE 2. Percentages of the total number of ill persons who receive
medical attention at different health service providers, by poverty level in

the population.

Poverty levels

Extremely
Health service provider Total Non-poor Poor poor
Public providers 60.0 57.9 63.2 66.0
Ministry of Health post or center 26.3 22.5 31.1 38.7
Social security hospital 16.6 18.0 15.3 11.2
Ministry of Health hospital 12.6 12.4 12.9 13.3
Other 4.5 5.0 3.8 2.8
Private providers 40.0 42.1 36.8 34.0
Pharmacy 17.8 17.6 19.7 15.1
Private physician 9.9 11.5 7.7 4.8
Private clinic 4.1 4.9 2.7 2.6
Traditional healer 0.9 0.8 1.1 1.2
Other 7.3 6.3 5.6 10.3
Total 100.0 100.0 100.0 100.0

Source: National Household Survey, Peru, 1995.
Table prepared by the author.
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TABLE 3. Relationship between self-reported health
status and hourly wage.

Hourly wage Morbidity rates (%)

quintiles Males Females
1 29.0 35.1
2 21.4 29.5
3 20.4 28.0
4 21.4 25.7
5 19.3 28.3

Source: National Household Survey, 1995.
Table prepared by the author.

describes the relationship to be tested through the design
and estimation of an explicit model: the association be-
tween health status and poverty (see Figure 2). The results
of the NHS show a positive relationship between indi-
vidual health status and productivity (measured by hourly
wage).

The population in the highest hourly wage quintiles
experiences the lowest rates of illness. Among males, the
rate falls from 29.0% to 19.3% between the highest and
lowest quintiles, while among women the difference be-
tween quintiles is less marked: 35.1% in the highest
quintile versus 28.3% in the lowest (see Figure 2). The
following sections use parametric methods to estimate
the relationship between health and productivity. This
approach affords the possibility of assessing the conse-
quences of greater or lesser public investment in health
(for a specific population group) and estimating the re-
turns to health.

MEASURING HEALTH: SELF-REPORTED HEALTH STATUS
AND MEASUREMENT ERROR

Measuring health is difficult for several reasons. Some
indicators are not objective, some are associated with only
one dimension of health, and some do not measure a com-
plete range of conditions. By analyzing the measurement
process, it is possible to pinpoint the main problems and
devise methods for dealing with them. In particular, the
model selected can correct for the problem of bias intro-
duced by measurement errors and the loss of informa-
tion due to downward censoring of the indicator.

Recent economic literature has used health indicators
such as standardized anthropometric measures of height
and/or weight (i.e., Rosenzweig and Schultz, 1983;
Rosezweig and Wolpin, 1986; Barrera, 1990; Pitt, Rosen-
zweig, and Hassan, 1990; Schultz, 1996) and self-reported
illness or disability (Wolfe and Behrman, 1984; Pitt and
Rosenzweig, 1985; Schultz and Tansel, 1997). At a more
aggregate level, average values of the foregoing variables
have been used, as have mortality or survival rates
(Rosenzweig and Schultz, 1982; Pitt, Rosenzweig, and
Gibbons, 1995).

In comparison with other forms of human capital,
health status is especially difficult to measure. Health sta-
tus (H*) can be considered a latent variable that is not
observable and that is approximated by imperfect indi-
cators (H), such as days of illness, days during which the
individual was unable to work due to illness, and others.
When these indicators are obtained from household sur-

FIGURE 2. Reported morbidity rate by income level.
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veys, they are self-reported values and they are there-
fore contaminated by measurement errors. The problem
is that if measurement errors K (k= H — H*) are not re-
duced, the estimated effect of health on another variable,
such as wage, can be expected to be biased toward zero.

Measurement errors are especially significant when the
available information on health status is self-reported.
Self-perception of health (or illness) may be correlated
with certain personal characteristics. For example, people
with more education or greater access to health services
may be more likely to detect and report symptoms of ill-
ness. In an equation in which health is a variable to be
explained, these effects might confound the direct im-
pact of education or medical care.> Another possible con-
sequence of the subjectivity of self-reporting of health is
the presence of heteroskedasticity in the health equation,
since the variability of the measurement error would also
depend on some of its explanatory variables.

In addition, there is an inevitable underestimation of
the severity of recent illness, which may not be fully re-
solved at the time of the survey interview.® Using a di-
chotomous variable (i.e., occurrence or non-occurrence
of illness) or a variable of non-recent illness avoids this
possible distortion, but all sensitivity to the severity or
nature of the illness is lost. In any case, the longer the
recall period used in the survey (e.g., last week or during
the last three months), the more reliably true health sta-
tus will be approximated. To a certain extent, a lengthier
recall period increases the number of observations and
therefore reduces the sensitivity of the indicators to
temporal or random factors.

Going back further in time is also desirable because of
the impact that earlier health conditions generally have
on current health status. In accordance with the intra-
personal variations proposed by Behrman (1990), the
human body can maintain similar levels of productivity
in the short term, despite adverse health conditions. With
data from the south of India, Deolalikar (1988) observed
that current nutrition indicators lose significance when
indicators that reflect longer-term nutritional status are
included.

5 Butler et al. compared self-reporting of arthritis with objective
diagnosis. The authors found that correct reporting was more likely
among male wage-earners with a secondary education. The prob-
ability of reporting an illness appeared to rise with severity of the
illness, income, and age. On the other hand, Wolfe and Behrman
(1984), with data from Nicaragua, found that women with the most
schooling were less likely to report the occurrence of parasitic dis-
eases.

¢ Assuming that the duration of the illness (D) perfectly reflected
its severity, a survey would find D*=Min{D;L}, where L is the time
elapsed between the onset of the illness and the moment when the
survey is conducted. If, in addition, the time of onset were related
to some individual characteristic (e.g., occupation, place of resi-
dence), the estimate of the impact of this characteristic would be
even more biased in a health equation.

In practice, the problem of selecting the best indicator
of health status is usually “solved” by the lack of a better
alternative in the majority of household (or individual)
surveys available.” Peru’s 1995 National Household Sur-
vey offers two possible indicators: a dichotomous vari-
able of recent occurrence of illness and number of days
that a person was affected by the illness or condition. In
the first case, it must be assumed that the illness is a situ-
ation caused by poor health status. In other words, if H*
is the true and unobservable indicator of health status,
then:

G=1, ifH*<HS,
and G=0, ifH*=HS,

where G is the dichotomous variable and H€is a certain
critical level of health. Below that level, the individual
gets sick.

Using number of days ill as an indicator of health sta-
tus requires this additional assumption—the weaker the
individual’s health (i.e., the less capacity he/she has for
recovery), the longer the period of illness will be. In this
case, the duration of the illness (D) would be negatively
dependent on H*:

D =D(H?*), if H* <HS,
and D=0, if H* = HC.

where D'< 0,

It is important to bear in mind that the description of
health by means of days of illness would be censored for
values higher than H®. Despite differences in the health
status of individuals who have not been ill, the indicator
D attributes the same value (zero) to all of them (see Fig-
ure 2). However, the indicator “daysill” takes account of
interpersonal differences in health better than the dichoto-
mous variable and it is therefore employed in this study
to calculate the health indicator used in the wage
equation.

An additional distortion associated with the use of days
of illness as the basis for the health indicator is rooted in
the fact that individuals tend to round their responses.
As a result, differences between individuals whose ill-
ness had a duration close to the same round number of
days (3, 5, 10, 15) are lost. The tendency toward round-
ing is especially marked when the illness is lengthy. A
precise response is more likely when the illness lasts only
a few days.

7 In the empirical sphere, investigators in the field of economics
have a limited number of health indicators at their disposal and
generally choose the one that has the least measurement error. The
evidence does not show any conclusive divergence among the most
frequent indicators. Haddad, Kennedy, and Sullivan (1994) com-
pared databases from the Philippines, Brazil, Ghana, and Mexico
and found that both absolute occurrence of illness and the number
of daysill are “useful” approximations to indicators based on weight
and height.
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The relationship between health status and days ill
(D=D(H*)) may not be linear. It is therefore advisable to
test several transformations of D in order to generate a
health indicator H. Of course, all these transformations
imply an inverse relationship between the two variables
and recognize upward censoring in the indicator H. The
upper limit would be H®= D (0).

SIMULTANEITY BETWEEN HEALTH AND
ProbucCTIVITY

Estimating the impact of health on productivity is a com-
plex undertaking because the interactions between wage
and health are not limited to this impact. Just as health is
a form of human capital that enhances the level of pro-
ductivity, wage level (W) also affects health.

The income effect is the most obvious means by which
productivity contributes to better health status (consid-
ering health a normal good): the capability to earn more
permits an individual to consume more health “inputs”
(e.g., foods or drugs). However, greater productivity may
generate certain incentives that affect individuals’ behav-
ior. For example, productivity may encourage an indi-
vidual to work harder, which, in turn, may affect his/
her health negatively, or a family might opt to utilize a
greater portion of its disposable income to strengthen the
health of the most productive member of the household.

The concept of endowment figures prominently in the
literature on the subject. The term refers to a set of unob-
servable characteristics inherent in individuals that af-
fect their health and, therefore, their productivity. These
are unalterable features (a certain physical constitution,
for example) that are exogenous and random. It is gener-
ally assumed that endowments (U) are a component of
the error term of the equations of the variables they af-
fect. In this case, simultaneity between two variables does
not occur only in the presence of explicit effects of one
variable on the other. The correlation of their error terms
also distorts the estimates. If ¢ and €, are the error terms
of equations that explain wage and health, a problem of
simultaneity would occur if Cov (g, €,,.) were not equal
to zero.

Thus, ¢,, and ¢, being the true error terms, €, = |,
+ ¢,y &, = + ¢,..Hence, even if the terms ¢, and ¢,
are distributed independently, Cov (¢, €,.) = Cov (l,,
H,)- The relationship between |, and y,,, may be the re-
sult of the fact that the same endowment (a particular
skill or physical ability, or a psychological trait) both en-
genders greater productivity and enables the individual
to maintain better health status. In addition, such a rela-
tionship may be linked to individual behavior. For ex-

ample, if an individual is endowed with qualities that
greatly enhance productivity (i), he/she has an incen-
tive to invest in reinforcing those qualities (or in com-
pensating for them within the family unit) through un-
observable variables captured by y,,. (e.g., special efforts
to promote health).

THE MODEL

According to Becker (1965), household decisions can be
seen as the result of maximization of a utility function,
whose variables are consumer goods (C'), consumer
goods that improve health (Y), health status (HY), and
amount of leisure (IY). It is assumed that household deci-
sions are unitary (i.e, the head of the household imposes
his/her preferences on the rest of the individuals) and
that the household faces time and full-income constraints.
Summarizing, the model is expressed as follows.

A household has n members and is run by the house-
hold head, who seeks to maximize the utility function:

U=UCC Y H, ID)i=12,...n ¢))

The utility function is assumed to have the desired con-
ditions, i.e., the function is continuous, strictly increas-
ing, and quasi-concave, and twice-continuously differ-
entiable in all its arguments.

The first constraint is the health production function:

H=H(C, Y, 1, X%, Z, Z7,F,u,u)[=12,...n (2)

where C!, Y!, and I represent, respectively, level of con-
sumption of goods, health inputs, and leisure for an in-
dividual i. X' denotes the level of consumption, health,
and leisure of other members of the household, and Z-,
u'are the vectors of observed and unobserved character-
istics of these individuals, respectively; F denotes avail-
ability of health or welfare programs and community
infrastructure.

The second constraint is the full-income (S) constraint,
which indicates that all available resources of the house-
hold are being devoted to the purchase of goods and ser-
vices and to leisure activities.

J K
DL DI

k=j+1 1
i i _ 3
Zwl ZWT +V =S

V represents non-labor income, P, and p, represent the
prices of consumer goods and health inputs, T' is the to-
tal amount of time available, and w is the wage rate.
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The reduced-form health demand function would be
as follows:

H =h(®,P,S,F Z u) @

where P and P, are the prices of the consumer goods im-
portant for health and health inputs, respectively.

The wage equation (6) is estimated on the basis of the
framework used by Mincer (1974) and therefore takes into
account the presence of an equation that explains the
decision to participate in the labor market (7), which
should make it possible to correct for the wage function’s
problem of selection bias. The wage function depends
on individual characteristics (age, sex), human capital
variables (years of schooling and work experience), and
regional variables that describe the characteristics of the
labor market.

Owing to (a) errors in the measurement of health and
(b) its simultaneity with respect to wage or endogeneity
of the variable health, the estimate must be corrected
through the use of instrumental variables. The latter re-
quires that the variables that explain wage be included
in the equation used to instrument the health indicator
H:

H:BO+leH+B2XW+SH’ ®)

where the error term e, captures the measurement error
K (g, =&, + K).

In this context, the acceptance of health as a form of
human capital leads to its inclusion among the explana-
tory variables of productivity. The wage equation would
thus take the form:

InW) =a,+a, X, +a, H*+¢,, (6)

where X, is a group of relevant variables; H* denotes
corrected individual health status; and €, is a random
error term. A semilogarithmic specification is used be-
cause it is the type most commonly employed in empiri-
cal studies on the returns to human capital.

The wage equation (6) has a selection bias which must
be corrected by using the Heckman procedure, or two-
stage estimation (Heckman, 1979; Lee, 1983). The dichoto-
mous equation that expresses the decision to participate
in the labor market (L) includes as explanatory variables
wage, health, and a set of variables X, which identify
the system. In the estimate, wage is not directly included
because it is not observable when the individual does not
participate in the labor market; it is therefore replaced by
the explanatory variables X,.. Similarly, health is replaced
by a set of instrumental variables X, .

L =L (W, H* X)

L =L X, X, X) @

The set of equations (5), (6), and (7) make up the sys-
tem of equations to be estimated. Health is predicted in
equation (5)—which is estimated using a tobit model due
to censorship of the health indicator H—and is included
in the wage equation (6).

THE ECONOMETRIC ESTIMATION STRATEGY

Following the practice generally used in previous em-
pirical studies, the sample is divided by sex, so that spe-
cific equations are estimated for males and females. To
take account of differences between urban and rural en-

FIGURE 3. Labor participation by years of schooling.
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FIGURE 4. Labor participation by age.
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vironments, the wage functions for males and females
are estimated separately in each geographic area. Deter-
mination of the explanatory variables X, X,,,and X, also
follow the practice customarily found in the literature.
Annex I shows the definitions and sample moments for
all the variables used in the estimates in the study.

In addition to the health variable, the wage equation
includes age, years of schooling, and the quadratic terms
of both. These terms take account of possible non-
linearities in the impacts of these variables. The variable
X, incorporates two additional variables: residence in the
country’s capital city and local unemployment rate. The
aim in including the latter variable is to capture inter-
district differences in labor markets.

For exploratory purposes, the wage equation was esti-
mated without including health. The results show that
the signs of the human capital coefficients and individual
characteristics are predicted by the theory that health has
an effect on productivity. These results were robust to
changes in the equation specification.®

With regard to the determinant variables of health X,
it should be noted that the literature suggests that there
are unobserved characteristics |, associated with indi-

8 Replacing age by potential experience maintained the adjust-
ment in the regression. The coefficients of the variables were modi-
fied in accordance with the linear relationship between experience,
age, and years of schooling (EXPERIENCE = AGE — SCHOOLING — 6). The
specification that incorporates age was chosen, as it also captures
part of the impact of the work experience.

vidual heterogeneity, which would be incorporated in
the error term g, = ¢+ Y, + K.

Moreover, equation (5) is a function of demand and
not a function of health production and, therefore, the
vector X ;should incorporate income and prices of health-
related products as explanatory variables. These variables
influence the quantity of health “inputs” (e.g., nutrients,
medical services) consumed by the family unit.

When families demand health inputs for their mem-
bers, they are aware of their endowments and other un-
observed characteristics [4,,. The level of consumption of
these inputs is therefore probably correlated with the er-
ror term €. In fact, health demand only can include fac-
tors that, while they affect the production of health, are
not determined by households, at least in the short term.
Such is the case with age, education, food prices, supply
of public services, etc.

Among the variables that explain health, access to State-
provided health care is important to a subsequent analy-
sis of the impact of public investments in personal health.
Access to health services is not measured on the basis of
the services received by each individual because to do so
would introduce the endogenous nature of those services.
Use is a decision based on, among other variables, the
individual’s income, opportunity cost of time (in both
cases, measured by wage), and health status.

To simplify the analysis, the number of per capita pub-
lic health care facilities in each district was introduced
into the health equation (5). This variable makes it pos-
sible to more directly assess the impact of public invest-
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Hourly wage

FIGURE 5. Hourly wage by years of schooling.
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ment on health in terms of the supply side. The quadratic
term of this variable was also included in order to ob-
serve possible non-linear effects.’

ANALYSIS OF THE REsuLTs

The sample used in the regressions includes only indi-
viduals over 17 and under 70 years of age—i.e., adults
who are potential participants in the labor market. The
probit equation of participation in the market is shown
in Annex II. Wald tests indicate that the set of instruments,
X, is significant in the four samples comprising men and
women in urban and rural areas.

Table 4 shows the regressions that include health as a
dependent variable. The transformation H = 1/(1 + D)
was used as a health indicator. This transformation pro-
poses an inverse relationship between the duration of ill-
ness and the health indicator. It is upwardly censored at
1=[1/(1+0)].

An advantage of the proposed health indicator is that
it shows a marginally declining impact for a larger num-
ber of days ill. This is desirable owing to respondents’
tendency to round their answers when they do not re-
member exactly how many days their illness lasted, which
is more likely when the illness has been prolonged. The
indicator H reduces the importance of variations in re-
ported days ill as the number of days rises."

° The introduction of the number of public health care facilities
into equation (5) raises a problem of endogeneity. Presumably, the
State does not distribute its services randomly, with no criteria
whatsoever. Sen (1995) presents a brief description of the political
economy of the distribution of the benefits of social programs. Be-
yond the desire to target those who most need these benefits—as
suggested by Rosenzweig and Wolpin (1986) and Pitt, Rosenzweig,
and Gibbons (1995)—there are problems to be overcome, including
political feasibility and the influence of the most powerful groups.
The theory of pressure groups models this phenomenon. On the
other hand, the theory of altruism gives formal expression to the
desire to compensate the neediest members of society. In particu-
lar, if the public infrastructure is placed preferentially in localities
with the fewest health resources, the correlation between the error
term €, and the number of public facilities would be a number other
than zero, and their impact on health would be downwardly bi-
ased. This endogeneity of public health infrastructure necessitates
the use of instrumental methods. For the sake of simplicity, this
analysis has not been undertaken here, though the possibility of
downward biasing of the results is recognized.

10 Other transformations were tried, and it was found that those
that showed marginally declining impacts for D (reported days ill)
had higher levels of likelihood. The following showed the highest
levels: H = —+D, H = -In (1 + D), and H = 1/(1 + D). The latter
transformation yielded the highest values for the logarithm of the
likelihood function in all samples (Annex III). It was therefore pre-
ferred to the alternatives. The results presented in the following
sections were robust to changes in the selection of the health indica-
tor as long as the indicator preserved the characteristic of margin-
ally reducing the impact of D.

The results of the health equation (see Table 4) are pre-
dicted by the theory. In the case of age, both the linear
and the quadratic terms obtain negative coefficients in
most cases. In general, aging is associated with deterio-
rating health status, and it also accelerates that deterio-
ration. The final effect of age on health is always nega-
tive, except in the sample of rural men.

The variables indicative of wealth are significant only
in some cases. Per capita non-labor family income is sig-
nificant only for women, and for women in rural areas
an unexpected negative coefficient was obtained. This
result is difficult to explain, but it is, nevertheless, con-
sistent with the concept of health as a normal good. Hours
of access to the public drinking water supply system and
availability of adequate floors have a positive and sig-
nificant impact on health among the population in urban
areas. In this case, in addition to the effect associated with
wealth, there appears to be a direct impact on the pro-
duction of health.

Education yields a positive impact that is probably as-
sociated with better use of knowledge and available in-
puts, which enable better care of health. In general, the
education coefficients in Table 4 would be downwardly
biased if it were true that individuals with more school-
ing tend to report symptoms of illness more frequently.

As for the impact of prices of health inputs, with the ex-
ception of milk, increases in food prices significantly reduce
health demand in all the samples. The positive coefficient
for milk price might be explained by its correlation with the
prices of other foods not included in the estimate.!

Conditions in the community affect the health status
of individuals. Quality of housing construction (non-dirt
floors), provincial poverty index, and local unemploy-
ment rate show a positive impact on health. Health is
presumably affected by the living conditions in which
the individual develops. In addition, residence in the city
of Lima and the coastal region has a positive impact on
health, controlling for local level of poverty and access to
public health services, which might be associated with
the use of other inputs (e.g., private services) and other
conditions (e.g., climatic factors).

In rural areas, the number of public health facilities per
capita has a positive and significant impact on health sta-
tus. Table 4 evaluates the implicit effect on the coefficients
of the linear and quadratic terms at the sample mean.
The negative coefficient of the quadratic term indicates
declining returns on public investment in health. In ur-
ban areas, the impacts are negative, and among women

1 Only some consumer prices were available for all the country’s
departments. The data in this case were obtained from the 24
departmental statistical compendiums for 1995 published by the
National Statistics and Informatics Institute (INEI).



CORTEZ

97

TABLE 4. Health equation by sex and region: censored tobit.

Males
Independent variables Urban Rural Urban Rural
Constant 3.020* 1.408%** 2.367*** 1.572%*%
[10.54] [3.74] [10.84] [4.98]
Individual traits 180.3*** 70.7%** 280.5%** 128.5%**
Age [107] -0.578 0.105 —1.163*** —1.537**
[-1.11] [0.13] [-2.93] [-2.25]
Age squared [107] -0.871 —-1.584* -0.192 0.093
[-1.36] [-1.68] [-0.39] [0.12]
Human capital variables 49.7%** 22 5% 56.71*** 13.2%%*
Years of schooling [x 1072] 3.827* 5.899*** 2.296*** -0.480
[2.62] [3.26] [2.63] [-0.36]
Years of schooling squared (x 107) -0.071 —0.275** -0.024 0.178
[-0.76] [-2.05] [-0.39] [1.64]
Household assets
Non-labor 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 [x 107] 1.538 3.762* -0.155 2.907*
[1.25] [1.86] [-0.16] [1.75]
Adequate sewerage system 0.006 0.049 0.013 -0.113
[0.22] [0.57] [0.61] [-1.63]
Non-dirt floor 0.276* 0.093 0.283%*x* 0.124*
[3.66] [1.22] [4.96] [1.93]
Regional variables 13.9%** - 21.2%%% -
Residence in the coastal region -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%*x 6.2%* 17.4%** 6.7%*
Poverty indicator -0.978** —7.095** -0.711* -1.214
[-1.99] [-2.20] [-1.76] [-0.45]
Unemployment rate —-1.095** -1.036* —1.361*** -1.236**
[-2.22] [-1.74] [-3.65] [-2.57]
Health infrastructure 2.3 - 6.7%* -
Number of health care facilities per capita -0.321 0.139** -0.797** 0.089*
[-0.66] [2.15] [-2.18] [1.70]
Number of health care facilities per capita squared 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%**
Price of rice -0.977* —0.410%** —0.718%** —0.322%**
[-9.32] [-2.92] [-9.08] [-2.77
Price of tomatoes -0.285* -0.092 —0.198*** -0.088
[-6.64] [-1.37] [-6.03] [-1.53]
Price of milk 0.276** 0.607*** 0.286*** 0.475%**
[2.08] [3.26] [2.77] [2.92]
0H/0 [facilities] -0.304 0.135** -0.740** 0.085*
[-0.68] [2.14] [-2.20] [1.67]
Ln (likelihood function) -12,209 -4,174 -16,107 —4,721
Chi-square 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

*Dependent variable: H = 1/(1+ number of days ill).
[t-statistic in brackets] and joint significance test italicized.

(*) Statistically significant at 10% confidence level; (**) Statistically significant at 5% confidence level; (***) Statistically significant at 1% confidence level.
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this effect is statistically significant. These results might
be explained by the possible presence of heteroske-
dasticity in the health equation, as discussed in section
3.2 Only the sample of urban women appears to be af-
fected by this problem."

Tables 5 a and b and Tables 6 a and b show the esti-
mates of the wage equations in three different cases: (a)
excluding the health variable, (b) including the observed
health values, and (c) including the estimated values of
the health indicator. The latter were obtained from the
regressions in Table 4 and are free from simultaneity and
measurement error biases.

As predicted by the theory and suggested by Table 3,
health status has a significant and positive effect on pro-
ductivity. An improvement in health status raises wages
in all population groups for both sexes and in both ur-
ban and rural areas. The coefficient of the health indicator
is positive both with the health variable as exogenous
and instrumented (IV). However, both the coefficient and
the significance level of the variable health are much
greater in the latter case.

The extent to which health impacts productivity var-
ies according to the population group. Improvements in
health status have a greater impact on productivity in
rural areas, and this effect is greater among rural men
than among rural women." Table 7, which shows the
impact of one additional healthy day per month, illus-
trates this finding."®

The results for the rest of the variables show that, when
health is not controlled for, the coefficients of age and
education obtained are upwardly biased. This suggests
that when the health variable is omitted, age and educa-
tion capture part of its effects on productivity.

The negative signs of the quadratic terms of age imply
that the impact of age on productivity, though initially
positive, declines and, at a certain point, turns negative.
The critical age that marks the beginning of the decline
in productivity varies from one sample to another. Ac-
cording to the regressions that omit health, in urban ar-
eas, maximum productivity is achieved at 49.2 and 46.7

2 The endogeneity discussed in footnote 7 might also be important.

13 Only in this sample did the logarithm of the likelihood func-
tion decrease appreciably after correcting for hetereoskedasticity
(from -16,107 to -16,069) and significant coefficients were obtained
in the explanatory regression of the quadratic error term. As noted
in section 3, the heteroskedasticity model included education and
number of health facilities per capita as explanatory variables in
this regression.

* As noted earlier, these results are robust to changes in the health
indicator, as long as the indicator shows a marginally decreasing
impact for increased days of illness.

15Given that H=1/(1 + D), then 9W /90D = (0W/0H) x (0H/dD) =
-0,,/(1+ D)?, where -0, is the coefficient of the indicator H in the
wage equation and D is evaluated at the sample means.

years of age among men and women, respectively. When
health is controlled for, the critical age is later: 53.0 and
50.4 years.'*"”

The inclusion of the instrumented health variable re-
sults in an extension of the cycle of productive life for all
individuals. This result is explained by the fact that age
increases the probability of suffering from some illness
or ailment (see Table 4). If health is not controlled for as
an explanatory factor, the effect of poor health character-
istic of older adults is attributed to age. When health is
controlled for, age has a less negative effect on wage level,
and the period of productive life is longer.

The effect of one additional year of education depends
on the coefficients of the linear and quadratic terms of
the education variable and on the individual’s years of
schooling.’® Tables 5a and 5b and 6a and 6b evaluate, at
the sample mean, the marginal return and its significance.
The magnitude of the impact varies from one sample to
another. When health is instrumented, the returns to
education in urban areas are 7.4% and 5.1% for men and
women, respectively, while in rural areas the figures are
5.8% and 10.4%.

When the instrumented health variable is used in the
wage equation, it is observed that the returns to educa-
tion for men are 9.5% and 55.2% higher in urban and ru-
ral areas, respectively, than if the observed health vari-
able is used. In the case of women, the proportion of
overestimation is 15.7% and 2.9% in urban and rural areas,
respectively. This upward bias is explained by an ex-
pected positive correlation between the two forms of
human capital: education and health (Schultz, 1996). In
the absence of the latter, the education variable captures
part of the impact of the omitted health variable.

The theory suggests several justifications for this type
of correlation. In addition to the existence of individual
traits and heterogeneity, the rational behavior of invest-
ment in human capital offers other arguments. One is
that intertemporal preferences (of the parents) affect in-

16 Given that the estimated function describes the relationship
between health and productivity as an inverted U, the age of maxi-
mum productivity (the apex of the parabola) is calculated as E* =
-a,, / [2H a,,], where a,, and a,, are the coefficients of the linear
and quadratic terms of age, respectively. In the case of urban men,
for example, productivity reaches its maximum at 53.0 years =
-0.051 / [2 H - 0.00048].

7For women who live in rural areas, the increase in the critical
age is much greater, rising from 37.4 to 62.0 years of age when health
is controlled for. In the case of rural men, productivity increases
with age.

¥ Given equation (1), one more year of education yields Aln(W)
=A% W = aS1 + 2aS2 S, where aS1 and aS2 represent the coeffi-
cients of the linar and quadratic terms of the years of education.
Specifically, for urban males, the return (A% W) is equal to 0.074 =
0.094 + 2 (-0.00101) (9.13), where 9.13 is the sample mean of the
years of education.
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TABLE 5A. Salary equation: males (OLS corrected by Heckman two-stage estimation).?

Urban areas

Health Health
Variables Without health exogenous [Iv]
1. Constant —1.374%** —1.4271%%* -2.103***
[-8.50] [-8.77] [-8.79]
Individual characteristics
2. Age 0.052%** 0.051*** 0.051***
[7.12] [6.94] [6.96]
3. Age squared [x 10-7] —-0.053*** —0.051%** —0.048***
[-5.98] [-5.77] [-5.39]
Human capital variables
4. Years of schooling 0.108*** 0.107%** 0.094***
[10.14] [10.07] [8.40]
5. Years of schooling squared [x 102] —0.143** —0.140** -0.101
[-2.07] [-2.02] [-1.45]
6. Health indicator - 0.090%** 0.933%**
[4.19] [4.13]
Local market variables
7. Residence in Lima 0.265%** 0.265%** 0.276%**
[13.91] [13.90] [14.32]
8. Unemployment rate [at district level] 0.387* 0.398* 0.486**
[1.65] [1.70] [2.06]
9. Selection term —0.184*** -0.196*** —0.193***
[-3.36] [-3.57] [-3.53]
Rate of return to education 8.1% 8.0% 7.4%
Return to health - 0.5% 4.7 %
Age of maximum productivity 49.2 49.7 53.0
Joint test of significance [2]-[3] 197.1%%* 202.71%%* 181.6%**
Joint test of significance [4]-[6] 1,175.3%** 1,192.8%** 1,192, 7%%*
Joint test of significance [4]-[5] 1,175.3%%* 1,165.6*** 621.6*%*
Joint test of significance [7]-[8] 233.8%*%* 236.3%*%* 247.9%**
Hausman Test - - 184.1***
Log likelihood -18,478 -18,469 -18,469
Chi-square 295.5%** 261.71*%** 261.0%**
Adjusted R? 0.126 0.127 0.127
Number of observations 14,321 14,321 14,321

* Dependent variable: In[W], natural logarithm of hourly wage.

[t-statistics in brackets]

(*) Statistically significant at 10% confidence level; (**) Statistically significant at 5% confidence level; (***) Statistically signifi-

cant at 1% confidence level.

vestment in the education and health of children. In ad-
dition, credit restrictions may reduce investment in health
and education. Finally, certain personal characteristics—
such as intellectual ability—that have an effect on pro-
ductivity could create incentives for greater investment
in human capital in general.”

The impact of residing in Lima is always positive and
insensitive to the inclusion of health status, whether ob-

19 The preferences or tastes of households and individual hetero-
geneity could prompt a decision to invest in education and/or
health. Given the individual characteristics of the members of the
household, it is possible that the household may make certain deci-
sions in order to compensate for or reinforce the innate endowments
(e.g., aspects of health, genetic ability) of its members.

served or instrumented. For men, participation in the
Lima labor market implies a 28% higher wage and for
women, 37% higher. The inclusion of local unemploy-
ment (measured at the district level) should control for
inter-district differences in labor markets. Except for ur-
ban women, positive and significant coefficients are ob-
tained. It could be hypothesized that individuals who are
employed achieve higher wage rates in areas with high
unemployment. The explanation could be that the ex-
pected wage rate in areas with high unemployment is
higher than in areas with less unemployment.

The correction term of the selection bias (A) is signifi-
cant and negative in the case of urban men. This is an
indication that the non-observable characteristics that
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TABLE 5B. Wage equation: males (OLS corrected by Heckman two-stage estimation).?

Rural areas
Health Health
Variables Without health exogenous 1\
1. Constant —1.496*** —1.551*** —3.944***
[-6.03] [-6.21] [-9.17]
Individual characteristics
2. Age 0.029** 0.028** 0.015
[2.57] [2.52] [1.36]
3. Age squared [x 10%] —0.038*** —0.037*** -0.006
[-3.05] [-2.97] [-0.46]
Human capital variables
4. Years of schooling 0.024 0.022 —0.057***
[1.25] [1.17] [-2.60]
5. Years of schooling squared [x 10-%] 0.537%** 0.545%** 0.938***
[3.79] [3.85] [6.16]
6. Health indicator - 0.086* 3.464%**
[1.771] [6.95]
Local market variables
7. Residence in Lima - - -
8. Unemployment rate [at district level] 1.180%** 1.163** 0.787
[2.35] [2.32] [1.57]
9. Selection term 0.147 0.143 0.129
[1.61] [1.56] [1.42]
Rate of return to education 9.0% 8.9% 5.8%
Return to health - 0.4% 14.2%
Age of maximum productivity 37.4 37.6 125.6
Joint test of significance [2]-[3] 17.9%%* 16.2%** 15.8%**
Joint test of significance [4]-[6] 291.5%%* 294.8%** 343.1%**
Joint test of significance [4]-[5] 2917, 5% 288.6*** 150.5%**
Joint test of significance [7]-[8] 10.2%** 9.8%** 5.6*
Hausman Test - - 122, 7%%*
Log likelihood -7,164 -7,162 -7,139
Chi-square 76.6%** 66.7%** 73.2%%%
Adjusted R? 0.093 0.093 0.102
Number of observations 4,445 4,445 4,445

2 Dependent variable: In[W], natural logarithm of hourly wage.

[t-statistics in brackets]

(*) Statistically significant at 10% confidence level; (**) Statistically significant at 5% confidence level; (***) Statistically signifi-

cant at 1% confidence level.

determine the probability of labor participation are nega-
tively associated with the wage level in the market and
that they are not captured by the explanatory variables
in the wage equation.

The interaction effect of health and education was also
analyzed. Annex IV shows the results. After instrument-
ing the interaction term Health x Education, this term
was introduced into the wage equation, which revealed
that, for men, a positive interaction between the two forms
of human capital exists. In the sample comprising males,
education and health complement each other. The rate
of return to education is higher when the individual is
healthy, and health leads to greater productivity when

the individual is better educated. This interpretation
would reject the argument that health status is more im-
portant when the individual is engaged in physical labor
as opposed to intellectual work.

Finally, inclusion of the interaction term of the instru-
mented health indicator and age shows that productiv-
ity is more sensitive to changes in health status especially
for older persons. Policies aimed at improving health sta-
tus in the older adult population would have effects on
the relative increase in wages for this population group.
A positive coefficient for the crossed term of the health
indicator and age is obtained in all the samples, and in
the case of rural men and urban women, the coefficients



TABLE 6A. Wage equation: females (OLS corrected by Heckman two-stage estimation).?

Urban areas

Health Health
Variables Without health exogenous [Iv]
1. Constant —1.752%** —1.784*** —2.577***
[-10.44] [-10.61] [-9.81]
Individual characteristics
2. Age 0.074*** 0.073*** 0.074***
[10.26] [10.18] [10.26]
3. Age squared [x 10-7] —0.079%** —0.078*** —0.073%**
[-8.77] [-8.64] [-8.03]
Human capital variables
4. Years of schooling 0.105%** 0.104*** 0.097%**
[10.45] [10.34] [8.53]
5. Years of schooling squared [x 102] —0.279%** —0.275%** —0.243***
[-3.96] [-3.90] [-3.43]
6. Health indicator - 0.064*** 1.060%**
[2.60] [4.08]
Local market variables
7. Residence in Lima 0.383*** 0.381%** 0.374%**
[15.45] [15.37] [15.05]
8. Unemployment rate [at district level] -0.468 -0.435 -0.125
[-1.43] [-1.33] [-0.37]
9. Selection term 0.002 -0.007 -0.011
[0.04] [-0.12] [-0.19]
Rate of return to education 5.9% 5.9% 5.1%
Return to health - 0.2% 3.4%
Age of maximum productivity 46.7 47.0 50.4
Joint test of significance [2]-[3] 221.4%*%* 225, 7%*%* 206.6***
Joint test of significance [4]-[6] 630.2%%* 637.3%%* 647.9%**
Joint test of significance [4]-[5] 630.2%** 620.4*** 268.8%**
Joint test of significance [7]-[8] 239.8%** 237.7%%* 227.9%*%*
Hausman Test - - 229, 3***
Log likelihood -13,040 -13,036 -13,031
Chi-square 174.3*** 153.5%%* 154.8***
Adjusted R? 0.112 0.113 0.114
Number of observations 9,598 9,598 9,598

* Dependent variable: In[W], natural logarithm of hourly wage.

[t-statistics in brackets]

(*) Statistically significant at 10% confidence level; (**) Statistically significant at 5% confidence level; (***) Statistically signifi-

cant at 1% confidence level.

are significant. Moreover, as noted above, when the in-
teraction between health and education was introduced
into the wage equation, it was found that it was signifi-
cant in the case of men and that the two forms of human
capital complement each other.

Higher quality of available housing infrastructure has
a favorable effect on wages through better health condi-
tions. This relationship is evaluated by means of simula-
tions that are illustrated in Annex IV. The results suggest
that the wages of urban women and rural men are most
susceptible to these changes, although the differences are
not of great magnitude. For example, an increase of 50%
in hours of water supply, quality of flooring, and sewer-

age system at the community level produces an increase
of 3.5% and 1.8% in women’s wages in urban and rural
areas, respectively. In the case of men, the increases are
2.1% and 2.3%.

CONCLUSIONS

This study considers health as one of the determinants of
human capital that has an influence on wage level, and it
shows that public policies that serve to improve the health
status of individuals can also raise their wages and con-
sequently improve living standards in their households.
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TABLE 6B. Wage equation: Females (OLS corrected by Heckman two-stage estimation).

Rural areas
Health Health
Variables Without health exogenous [Iv]
1. Constant -2.418*** —2.487*** —4.267***
-6.78 [-6.95] [-7.25]
Individual characteristics
2. Age 0.052%** 0.051*** 0.054***
[3.43] [3.32] [3.51]
3. Age squared [x 10-7] —0.058*** —0.055%** -0.043**
[-3.27] [-3.10] [-2.40]
Human capital variables
4. Years of schooling 0.124%** 0.124%** 0.116%**
[4.78] [4.78] [4.44]
5. Years of schooling squared [x 102] -0.086 -0.093 -0.130
[-0.42] [-0.45] [-0.63]
6. Health indicator - 0.146* 2.247%**
[1.93] [3.94]
Local market variables
7. Residence in Lima - - -
8. Unemployment rate [at district level] 3.694*** 3.646%** 3.384***
[4.52] [4.47] [4.14]
9. Selection term 0.087 0.075 0.082
[1.08] [0.94] [1.02]
Rate of return to education 11.7% 11.6% 10.4%
Return to health - 0.4% 6.2%
Age of maximum productivity 45.3 46.2 62.0
Joint test of significance [2]-[3] 12.0%** 17.7%%% 23.4%**
Joint test of significance [4]-[6] 171.5%%* 175.6%** 188.4%**
Joint test of significance [4]-[5] 171.5%%* 168.7*** 114.4%**
Joint test of significance [7]-[8] 23.5%%* 22, 5%%% 19.8%**
Hausman Test - - 182.5%**
Log likelihood -3,254 -3,252 -3,246
Chi-square 41.5%** 36.2%%* 38.1%**
Adjusted R* 0.113 0.114 0.120
Number of observations 1,908 1,908 1,908

2 Dependent variable: In[W], natural logarithm of hourly wage.

[t-statistics in brackets]

(*) Statistically significant at 10% confidence level; (**) Statistically significant at 5% confidence level; (***) Statistically signifi-

cant at 1% confidence level.

TABLE 7. Productivity returns to health (percentages).
Rate of return to health (%)

Population group

Urban males 4.7
Urban females 3.4
Rural males 14.2
Rural females 6.2

*Effect on wage rate of one additional day of good health in 30 days.

The technique of instrumental variables makes it possible
to reduce the measurement errors associated with the self-
reported health information available in the household
survey, and it also takes into account the endogeneity of
the health variable. One of the main findings is that, when
the observed health variable is used, the returns to edu-
cation in urban areas appear to be overestimated. It also

was found that one additional healthy day has a greater
impact on wages among men (4.7% and 10.4% for men
in rural and urban areas, respectively) than among wo-
men (3.4% and 6.2%).

Results of Peru’s 1995 Household Survey show that
the reported morbidity rate and number of days ill are
negatively associated with individual wages and level of
household income. It also shows that individuals with
more years of education report higher rates of illness and
receive more health care.

Significant and positive effects of health were estimated
in the wage equation. The results are the same regard-
less of whether the dummy variable “reported morbid-
ity rate” or “days ill” is used as a health indicator. The
productivity of rural men and women was most sensi-
tive to health status. Empirically, if the simultaneity and
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measurement error had not been corrected, they would
have biased the health coefficients downward.

In all the samples, the effects of age and education de-
creased when health was controlled for. As predicted by
the theory, when the health variable is omitted from the
wage equation, the estimates for the education variable
are overestimated, especially in the case of rural men and
urban women.

When the impact of public health care services was
studied, health status in rural areas was found to be sen-
sitive to access to such services and the health of rural
men appeared to benefit the most from increased access.
However, there is evidence that the returns to health are
slightly underestimated if the interaction terms are omit-
ted. An omitted positive interaction downwardly biases
the health coefficient, while a negative interaction pro-
duces an upward bias.

Wealthier individuals—excluding rural men and con-
trolling for age, education, variables of housing and health
infrastructure, regional variables, and food prices—have
better health status. However, the health status of indi-
viduals was found to be negatively influenced by living
conditions and by the labor market in the districts in
which they reside. Hence, the poverty indicator and dis-
trict unemployment rate variables have a negative effect
on individual health status.

In rural areas, housing infrastructure, the community
environment, and availability of health infrastructure
were significant in explaining health status. This finding
is important in that it may facilitate the identification of
public policy measures that lead to improved health sta-
tus for individuals and, consequently, higher wages. The
results of the simulations indicate that the hourly wages
of urban men and rural women are positively sensitive
to investment in housing infrastructure, which generates
positive effects on their health status and thus on the level
of their wages. It would, therefore, appear that public
investment can be targeted so as to improve the level of
equity in the labor market.

One of the problems encountered in this study was the
scant availability of information on other policy variables
that might be incorporated into the health equation.
Peru’s 1995 NHS includes only information on morbid-
ity rate and reported number of days ill. Some variables
that might, in theory, explain health status—such as num-
ber of doctors and / or nurses per 10,000 population, num-
ber of beds per district, and level of coverage of the Social
Security Institute per district—were not among the ex-
pected coefficients in accordance with the theory. It is
impossible to discern whether this was due to poor qual-
ity of information, insufficient disaggregation, serious
measurement problems, or the simple fact that they do
not have an impact on health status.

Number of days disabled by illness was not reported
in the survey. To the author’s knowledge, neither is an-
thropometric information for adults available in any of
Peru’s household surveys to date. Future studies should
attempt to verify the trend of returns to health with the
inclusion of these other indicators, as well as informa-
tion from other variables derived from other sources of
information, especially those associated with policy in-
struments—for example, indicators of the availability
of the health and feeding programs that they are of
great importance in the country’s budget and whose
evaluation in terms of effects on the health of individu-
als would make it possible to evaluate their indirect im-
pacts on wage rates. Such research could be enormously
useful in the design of new schemes for targeting social
expenditure.
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ANNEX I. DEFINITIONS AND SAMPLE MOMENTS OF THE VARIABLES.

Standard
Variable Definition Mean*  deviation*
Dependent Variables
Reported days ill Number of days of illness during the 15 days preceding the interview 2.21 4.49
Reported illness rate Reported ailment or illness in the 15 days preceding the interview =1, 0.27 0.44
otherwise = 0
Ln(Wage) Natural logarithm of the individual’s hourly wage in new soles (Peruvian 0.34 1.15
currency) calculated on the basis of hours worked per week and monthly
salaries, weekly wages, and half-year earnings
Independent Variables
Age Years of age (not including any fractions of years) 23.22 82.92
Years of schooling Years of schooling (calculated on the basis of grades passed) 8.07 4.08
Automobile Dichotomous: Owns an automobile = 1; otherwise = 0. 0.10 0.31
Other vehicle Dichotomous: Household has any vehicle other than an automobile = 1; 0.32 0.47
otherwise = 0
Non-labor income Income in new soles (labor and non-labor) received by the household as a whole 6.23 57.37
in the preceding month, excluding labor income of the individual under
observation, divided by family size.
Residence in the coastal region  Dichotomous: Resides in the coastal region = 1; otherwise = 0. 0.44 0.50
Residence in Lima Dichotomous: Resides in Lima = 1; otherwise = 0. 0.14 0.35
Hours of water supply Hours of drinking water supply from the public system during the last week 76.22 98.78
Adequate sewerage system Dichotomous: Access to the public sewerage system in the household = 1; 0.56 0.50
otherwise = 0
Non-dirt floor District rate of households without dirt floors 0.60 0.25
Health care facilities per capita ~ Number of hospitals, health posts or centers operated by the Ministry of Health, 4.06 8.72
Peruvian Social Security Institute, local government, or other state agency in
the district, per 10,000 population
Unemployment rate District rate of unemployment 7.76 3.13
Poverty rate Provincial rate of unmet needs calculated by FONCODES 2.22 2.22
Head of household Dichotomous: The individual is the head of household = 1; otherwise = 0. 0.35 0.48
Price of rice Price in new soles of a kilogram of ordinary rice in the department as of 1.27 0.15
November 1995
Price of milk Price in new soles of a large can of evaporated milk in the department as of 1.57 0.11
November 1995
Price of tomatoes Price in new soles of a kilogram of tomatoes in the department as of November 1.12 0.33
1995
Residence in urban area Dichotomous: Resides in urban or semi-urban area = 1 (based on INEI classifica- 0.78 0.42

tion included in the survey); otherwise = 0.

*Calculated for the sample aged over 17 to under 70 years of age.
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ANNEX Il. LABOR PARTICIPATION EQUATION BY SEX AND REGION: PROBIT REGRESSION.?

Males Females
Independent variables Urban Rural Urban Rural
1. Constant —3.2571%** —1.847*** —2.067*** —1.876***
[-11.69] [-4.02] [-9.26] [-4.89]
Individual characteristics 1,735.9%** 107.5%** 1,0217.5%** 109.7%**
2. Age [107] 0.271 3% 0.107%** 0.137%** 0.088***
[38.60] [10.07] 31.21 [10.39]
3. Age squared [x 107] —0.267*** —0.123%** —0.1771%** —0.103***
[-41.01] [-9.80] -31.96 [-9.98]
Human capital variables 173.5%%* 22.2%** 2.5 79.7%%%
4. Years of schooling [107%] 0.133%** 0.067*** 0.014 0.044%**
[9.48] 2.81 [1.57] [2.74]
5. Years of schooling squared [x 10?] —1.0717%** —0.637*** -0.089 0.050
[-11.69] [-3.76] [-1.41] [0.40]
Household characteristics
6. Head of household [X ] 0.753%** 1.369%** 0.794%** 1.763%**
[22.93] [22.65] [24.70] [24.10]
Household assets 135.6%** 4.7 22.71%** 13.2%**
7. Non-labor income —-0.126%** -0.001 —0.0471*** —0.242%**
[-11.42] -0.01 [-3.74] [-3.00]
8. Automobile [X ] 0.006 —-0.242%** -0.005 -0.092
[0.16] -2.15 [-0.17] [-0.91]
9. Other vehicle [X ] 0.044* -0.006 0.053*** 0.081*
[1.84] [-0.12] [2.75] [1.75]
Housing infrastructure 14.8%** 17.4%** 17.7%%* 49.2%**
10. Hours of water supply [x 107] 1.134 6.625%** -0.577 7.488%**
[0.90] [2.64] -0.59 [4.28]
11. Adequate sewerage system —0.104*** -0.236** 0.074*** 0.218%**
[-3.74] [-2.47] [3.40] [2.68]
12. Non-dirt floor -0.022 -0.007 -0.011 0.320%**
[-0.30] [-0.08] [-0.19] [4.15]
Regional variables 177.2%** - 6.3%* -
13. Residence in coastal region 0.074* 0.098 -0.076** 0.062
[1.79] [1.41] [-2.28] [1.11]
14. Residence in Lima 0.346*** - 0.089** -
[6.93] (2.27]
Community variables 10.3*** 18.0%** 38.6%** 21.6%**
15. Poverty indicator -0.141 -1.035 0.578 6.691**
[-0.27] [-0.26] [1.31] [2.02]
16. Unemployment rate —1.499%** —2.966%** —2.354%** —2.024%**
[-3.17] [-4.15] [-6.15] [-3.42]
Health infrastructure 2.0 3.1 4.1 -
17. Number of health care facilities per capita -0.319 -0.220 0.522 —0.257%***
[-0.58] [-0.96] [1.38] [-3.86]
18. Number of health care facilities per capita squared 0.385 0.092 -0.569 0.018***
[0.72] [0.47] [-1.55] [3.11]
Food prices 14.8%** 18.1%%* 80.6*** 33.5%x*
19. Price of rice —0.348*** -0.270 0.060 -0.154
[-3.43] [-1.59] [0.74] [-1.10]
20. Price of tomatoes 0.002 -0.128 0.033 0.040
[0.04] [-1.55] [1.00] [0.59]
21. Price of milk 0.205 0.366 -0.203* —-0.393**
[1.55] [1.60] [-1.90] [-1.99]
Joint test of significance [13]-[16] 120.8%*** 18.9*** 74.8%** 34.7*%*%*
Ln (Likelihood function) -7,908 -2,003 —-13,201 -3,107
Chi-square 4,791%x* 1,798.2%** 1,853*** 1,029.2%**
X? [X] (identification variables) 529.7%%* 524.8%** 615.4%** 584.5%%*
Percentage accuracy 81.9% 84.1% 61.0% 73.9%
Number of observations 18,787 5,633 20,465 5,671

* Dependent variable: L = 1, if the individual works; otherwise, | = 0.

[t-statistics in brackets] and joint significance tests italicized

(*) Statistically significant at 10% confidence level; (**) Statistically significant at 5% confidence level; (***) Statistically significant at 1% confidence level.
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ANNEX Ill. PoLicy INSTRUMENT SIMULATIONS BY SEX AND REGION.

Simulation 1
Urban Rural Urban Rural
Policy males males females females
Mean of hours of water supply (by district) * 1.1 0% 0.1% 0% 0.1%
Mean of adequate drainage system (by district) * 1.1 0.1% 0% 0% -0.1%
Mean of quality of flooring (by district) * 1.1 0.4% 0.3% 0.7% 0.3%
Percentage increase in hourly wage due to a 50% improvement 0.4% 0.4% 0.7% 0.3%
in housing infrastructure at the district level
Simulation 2
Urban Rural Urban Rural
Policy males males females females
Mean of hours of water supply (by district) * 1.3 0.1% 0.4% 0.0% 0.3%
Mean of adequate drainage system (by district) * 1.3 0.0% 0.1% 0.1% -0.2%
Mean of quality of flooring (by district) * 1.3 1.2% 0.9% 2.0% 1.0%
Percentage increase in hourly wage due to a 50% improvement 1.3% 1.4% 2.1% 1.1%
in housing infrastructure at the district level
Simulation 3
Urban Rural Urban Rural
Policy males males females females
Mean of hours of water supply (by district) * 1.5 0.1% 0.7% 0.0% 0.4%
Mean of adequate sewerage system (by district) * 1.5 0.0% 0.1% 0.2% -0.3%
Mean of quality of flooring (by district) * 1.5 2.0% 1.5% 3.3% 1.7%
Percentage increase in hourly wage due to a 50% improvement 2.1% 2.3% 3.5% 1.8%

in housing infrastructure at the district level
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ANNEX IV. WAGE EQUATIONS BY SEX AND REGION.

A. Wage Equation by Sex and Region, Including the Interaction Term of Health (IV) x Years of Schooling,

Two-stage Estimation.?

Females
Variables Urban Rural Urban Rural
1. Constant —1.291** -1.237* —2.744%** —4,575%**
[-2.48] [-1.65] [-5.12] [-5.82]
Individual characteristics
2. Age 0.053*** 0.056%*** 0.072%** 0.047**
[7.12] [3.85] [7.51] [2.47]
3. Age squared [x107%] —0.050%*** —0.060*** —0.0771*** -0.034
[-5.53] [-3.30] [-5.84] [-1.46]
Human capital variables
4. Years of schooling 0.001 —0.635*** 0.117 0.221
[0.02] [-4.76] [1.59] [1.23]
5. Years of schooling squared [x107] -0.280** -0.715* -0.177 0.153
[-2.27] [-1.76] -0.89 [0.29]
6. Health [IV] -0.261 -1.462 1.379 2.864**
[-0.36] [-1.19] 1.48 [2.41]
7. Health x Years of Schooling [IV] 0.154* 1.011%%* -0.049 -0.182
[1.76] [4.39] [-0.36] [-0.59]
Local labor market variables
8. Residence in Lima 0.278*** - 0.375%** -
[14.40] [15.00]
9. Unemployment rate 0.526** -0.211 -0.112 3.456%**
[2.22] [-0.38] [-0.33] [4.18]
10. Selection term —0.205%*** 0.139 -0.011 0.084
[-3.71] [1.53] [-0.18] [1.05]
Impact of health 1.193%** 4.749%** 0.972%** 2.065%**
[4.4] [8.2] [2.7] [3.2]
Rate of return to education 7. 4% *** 5.8%*** 5.1%*** 10.6 % ***
[18.2] [8.1] [12.0] [9.2]
Rate of return to health 6.0% 19.5% 3.1% 5.7%
Joint significance test [2]—[3] 182.6%** 22, 1%** 163.6%** 22, 1%%*
Joint significance test [4]-[7] 1,194.4%** 363.7%*%* 648.0%** 188.8***
Joint signiﬁcance test [4]-[5] 10.1%** 42 . 7*** 24.9%** 3.6
Joint significance test [8]-[10] 250.7%%* 2.4 226.1%** 20.1%**
Ln (Likelihood function) —18,467 -7,129 —13,030 -3,245
Chi-square 232 4%** 66.8%** 137.6%** 33.3%%*
Adjusted R? 0.127 0.106 0.114 0.119
Number of observations 14,321 4,445 9,598 1,908

* Dependent variable: In(W), natural logarithm of hourly wage.

[t-statistic in brackets]

(*) Statistically significant at 10% confidence level; (**) Statistically significant at 5% confidence level; (***) Statistically significant at 1% confidence level.
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B. Wage Equation by Sex and Region, Including the Interaction Term of Health (IV) x Age, Two-stage Estimation.?

Variables Urban Rural Urban Rural
1. Constant —2.025%** -0.145 0.244 -3.877**
[-2.66] [-0.11] [0.31] [-2.36]
Individual characteristics
2. Age 0.049* —0.114** -0.030 0.040
[1.88] [-2.47] [-1.05] [0.72]
3. Age squared [x107] —0.047*** 0.052** -0.023 -0.036
[-3.50] [2.16] [-1.44] [-1.10]
Human capital variables
4. Years of schooling 0.093*** —0.092*** 0.076*** 0.113%**
[8.07] [-3.67] [6.70] [4.13]
5. Years of schooling squared [x107] -0.099 1.1671%** —0.177** -0.110
[-1.37] [6.81] [-2.41] [-0.50]
6. Health [IV] 0.857 -0.296 —1.748** 1.841
[1.16] [-0.21] [-2.23] [1.08]
7. Health x Age [IV] 0.002 0.115%** 0.092*** 0.012
[0.11] [2.88] [3.79] [0.25]
Local labor market variables
8. Residence in Lima 0.275%** - 0.359%** -
[14.24] [14.26]
9. Unemployment rate 0.493** 0.689 0.188 3.387%***
[2.02] [1.37] [0.54] [4.15]
10. Selection term —0.194*** 0.136 -0.031 0.083
[-3.51] [1.50] [-0.52] [1.04]
Impact of health 0.940*** 3.952%** 1.500*** 2.285%**
[4.0] [7.5] [5.3] [3.9]
Rate of return to education 7.4%*** 5.0%*** 4.7 Yo *¥** 10.4% ***
[18.4] [6.6] [11.5] [9.1]
Rate of return to health 4.7% 16.2% 4.8% 6.4%
Joint significance test [2]-[3] 21.2%** 6.3%* 49.8%** 2.2
Joint signiﬁcance test [4]-[7] 1,192.6%** 352.0%** 663.0%** 188.5%**
Joint significance test [4]-[5] 615.2%%* 182.5%** 156.3%** 114.4%**
Joint significance test [8]-[10] 247.8%** 5.2% 208.8%** 19.9%**
Ln (Likelihood function) —18,468 -7,134 -13,023 -3,245
Chi-square 232.0%** 65.2%%* 139.4%** 33.3%%*
Adjusted R? 0.127 0.104 0.115 0.119
Number of observations 14,321 4,445 9,598 1,908

* Dependent variable: In(W), natural logarithm of hourly wage.

[t-statistic in brackets]

(*) Statistically significant at 10% confidence level; (**) Statistically significant at 5% confidence level; (***) Statistically significant at 1% confidence level.



110 HEALTH AND PRODUCTIVITY IN PERU: AN EMPIRICAL ANALYSIS BY GENDER AND REGION

ANNEX V. HEALTH AND SALARY EQUATIONS BY SEX AND REGION.

TABLE Va. Health Equation by Sex and Region: Censured Tobit.

Females
Variables Urban Rural Urban Rural
1. Constant —29.097*** -4.158 —22.100%*** -11.736%*
[-5.46] [-0.67] [-5.60] [-2.21]
Individual characteristics
2. Age -0.017 -0.146 0.149%* 0.202*
[-0.18] [-1.14] [2.08] [1.76]
3. Age squared [x107%] 0.274** 0.376** 0.085 0.021
[2.30] [2.44] [0.97] [0.16]
Human capital variables
4. Years of schooling —1.398*** —1.4371%** —-0.619*** -0.229
[-5.19] [-4.87] [-3.94] [-1.03]
5. Years of schooling squared [x1072] 0.046*** 0.070*** 0.016 -0.008
[2.66] [3.19] [1.46] [-0.45]
Household assets
7. Non-labor income -0.262 0.439 -0.507** 1.221
[-1.04] [0.86] [-2.47] [1.39]
Housing infrastructure
10. Hours of water supply [x10?] -0.104 -0.266 0.080 -0.577**
[-0.46] [-0.83] [0.47] [-2.05]
11. Adequate sewerage system 0.340 -1.329 -0.105 2.705%*
[0.66] [-0.93] [-0.27] [2.32]
12. Non-dirt floor —4.152%** -0.954 —4.262%** -2.112*
[-2.96] [-0.77] [-4.14] [-1.95]
Regional variables
13. Residence in coastal region 1.864** -1.467 1.903*** —2.934%**
[2.30] [-1.58] [3.19] [-3.72]
14. Residence in Lima —2.729%** - —2 557 -
[-2.93] [-3.69]
Community variables
15. Poverty indicator (at district level) 0.138 0.921* 0.103 0.012
[1.50] [1.74] [1.41] [0.03]
16. Unemployment rate (at district level) 0.174* 0.162* 0.198*** 0.27 3%
[1.90] [1.66] [2.94] [2.63]
Health infrastructure
17. Number of health care facilities per capita [x107?] 0.053 —0.023** 0.127* -0.011
[0.58] [-2.18] [1.91] [-1.26]
18. Number of health care facilities per capita 4.040 0.2271** -11.254* 0.160**
squared [x1072] [-0.46] [2.38] [-1.76] [2.13]
Food prices
19. Price of rice 15.590*** 5.295%* 10.761*** 5.033**
[7.99] [2.30] [7.53] [2.57]
20. Price of tomatoes 4.266*** 0.737 2.980*** 1.115
[5.33] [0.67] [5.02] [1.15]
21. Price of milk -5.430** —8.007 *** —4.983*** —6.033**
[-2.20] [-2.63] [-2.68] [-2.21]
0H /0 [Facilities] 4.045 —0.653** 3.852* -0.402
[0.35] [4.72] [3.70] [1.53]
Joint test of significance [2]-[3] 135.6%** 53.3%** 236.0%** 104.7%**
Joint test of significance [4]-[5] 102.0%** 45 3*** 73.0%** 16.4***
Joint test of significance [7]-[9] 9.71** 2.6 17.9%%* 11.9%*
Joint test of significance [10]-[11] 8.9** - 14.7%** -
Joint test of significance [12]—[13] 6.3%* 4.5 17.3%** 7.6%*
Joint test of significance [14]-[15] 1.2 57*% 4.8* 9.7%**
Joint test of significance [16]-[18] 73.8%*%* 10.4%** 69.1%** 9.8**
Ln (Likelihood function) -23,367 -8,231 -33,104 -10,013
Chi-square 481.9%** 214.0%** 693.71*** 288.0%**
Prob [H*<1] 22.7% 29.1% 32.7% 38.0%
Number of observations 18,787 5,633 20,435 5671

*Dependent variable: number of days ill.
[t-statistic in brackets]
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TABLE Vb. Health Equation by Sex and Region: Probit Regression.?

Females
Variables Urban Rural Urban Rural
1. Constant —1.790%*** -0.399 —1.449%** -0.621*
[-7.04] [-1.06] [-6.33] [-1.71]
Individual characteristics
2. Age [x107?] 0.472 -0.188 0.996** 1.306*
[1.01] [-0.24] [2.38] [1.65]
3. Age squared [x107] 0.808 1.666* 0.447 0.399
[1.40] [1.75] [0.86] [0.42]
Human capital variables
4. Years of schooling —0.034*** -0.060%** —0.027%** 0.004
[-2.58] [-3.32] [-2.91] [0.26]
5. Years of schooling squared [x107] 0.067 0.294%** 0.045 -0.185
[0.79] [2.18] [0.69] [-1.49]
Household assets
7. Non-labor income -0.016 0.014 —0.043%** 0.145%*
[-1.34] [0.42] [-3.57] [2.09]
Housing infrastructure
10. Hours of water supply [x107] -1.359 -3.668* 0.116 -3.196*
[-1.24] [-1.84] [0.12] [-1.69]
11. Adequate drainage system -0.006 -0.047 -0.015 0.127
[-0.26] [-0.55] [-0.68] [1.57]
12. Non-dirt floor —-0.246*** -0.086 —0.295%*** -0.140*
[-3.67] [-1.13] [-4.91] [-1.89]
Regional variables
13. Residence in coastal region 0.113%** -0.136** 0.102%** —-0.267***
[2.91] [-2.40] [2.94] [-4.95]
14. Residence in Lima —0.164*** - —0.188*** -
[-3.69] [-4.66]
Community variables
15. Poverty indicator [x107] 0.921** 7.260** 0.785* 1.609
[2.07] [2.25] [1.79] [0.51]
16. Unemployment rate [x107] 1.027%** 1.096* 1.515%** 1.520%**
[2.33] [1.84] [3.86] [2.72]
Health infrastructure
17. Number of health care facilities per capita 0.301 -0.146** 0.856** -0.109*
[0.68] [-2.28] [2.24] [-1.82]
18. Number of health care facilities per capita squared -0.206 0.015* -0.749*%* 0.016***
[-0.49] [2.63] [-2.04] [3.00]
Food prices
19. Price of rice 0.872%*x* 0.471 2% 0.765%** 0.366***
[9.39] [2.94] [9.20] [2.73]
20. Price of tomatoes 0.2671*** 0.101 0.2719*** 0.115*
[6.85] [1.50] [6.37] [1.74]
21. Price of milk —0.259** —0.629%** —-0.303*** —0.567***
[-2.19]