
2 8 3 . 1 91UN

American Journal of Epidemiology Vol. 133, No. 2
Copyright ® 1991 by The Johns Hopkins University School of Hygiene and Public Health Printed in U.S.A.
All rights reserved

Underlying and Proximate Determinants of Child Health:

The Cebu Longitudinal Health and Nutrition Study
-OK-M RFFERENCE CENTRE
'•^.TY WATER SUPPLY ANU

The Cebu Study Team1

A proper understanding of infant health requires the integration of socioeconomic,
behavioral, and biomedical models. A methodology is presented for assessing the
effects of "underlying" social factors and "proximate" behavioral and biomedical factors
on infant morbidity, growth, and mortality. The method is applied to data collected from
over 3,000 children in Cebu, Philippines, over the first 2 years of life. Data were collected
between 1983 and 1985. A central theme is that mothers recognize certain observable
and nonobservable threats to the health of their infants, and that the mothers take
measures to reduce the risk from such threats. It is shown that if conventional statistical
techniques (which do not take such behaviors into account) are used, the estimates of
the effect of the risk factors on health are incorrect. Procedures for obtaining correct
estimates are described. The application of the methodology is illustrated by modeling
childhood diarrhea, and by showing how maternal education induces behavioral
changes, and how these changes, in turn, induce changes in the prevalence of childhood
diarrhea. Am J Epidemiol 1991 ;133:185-201.

biological factors; diarrhea; epidemiologic methods; growth; health behavior; models,
statistical; socioeconomic factors

The causes for high levels of childhood
disease in developing countries have been
the subject of numerous investigations by
both social and biomedical scientists (I).
The focus of the social science literature is
on examining the relations between "under-
lying" socioeconomic variables and health
outcomes, with most research focusing on

mortality (e.g., references 2-6). Many of the
results of these analyses are robust, with
increased household income and maternal
education, for example, consistently emerg-
ing as powerful determinants of health (e.g.,
references 7, 8). However, this literature usu-
ally gives rise to conclusions which are so
sweeping (such as "where income and edu-
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cation are higher, health is better") that they
provide little guidance to those concerned
with formulating health programs. The
mechanisms by which the socioeconomic
determinants affect health remain largely
an unexplored and unexplained "black
box" (I).

The biomedical literature, on the other
hand, focuses on the biologic precursors
(such as infection and malnutrition) of mor-
bidity and mortality. The virtue of the
biomedical literature (namely its reliance on
a biologic model and the focused nature of
the questions answered) is its curse, too. This
is so because: these narrowly focused studies
have often ignored the effects of important
confounding variables (with the biomedical
literature on breast feeding being a good
example); the ultimate consequences for
mortality in populations at large tend to be
neglected; and the fact that.people perceive
threats to their health and react to these by
changing their behavior is often either not
recognized or ignored because it is consid-
ered analytically intractable. The result is a
literature which inevitably leads to policy
conclusions favoring strictly medical inter-
ventions (I).

Drawing heavily on an analogous situa-
tion in the field of fertility research (9),
_Mosley and Chen (I) and Mosley (10, 11)
have argued for the development of a new
approach to child health research which in-
corporates both the social and biomedical

t approaches into a coherent analytic frame-
work in which the relations between "un-
derlying," "intermediate," and "outcome"

_y_ariables are investigated. Important steps
have been taken in recent years in studies in
Malaysia (12-14) and Jordan (15) to con-
duct empirical research on mortality using
this framework. The Cebu study was de-
signed to build on these landmark studies.

This paper describes the methodology
used in modeling child health in the Cebu
study. Empirical results are given to illus-
trate the usefulness of the approach. De-
tailed discussions of the results and their
implications have been presented in other
papers (16-18).

THE DESIGN OF THE CEBU STUDY

The principal objective of the Cebu study
was to correctly estimate the effects of un-
derlying and proximate determinants of
child health. Data were collected in the met-
ropolitan area around the city of Cebu in
the central Philippines. After a pilot study,
a stratified, single-stage sampling procedure
was used to select 17 of 158 urban and 16
of 85 rural neighborhoods in the metropol-
itan Cebu area. Households were surveyed
to collect data on all births between May 1,
1983 and April 30, 1984. The sample con-
sisted of 3,080 women (77 percent of whom
were urban) having single live births, for
whom both baseline pregnancy surveys and
birth information are available. Participa-
tion rates were high. Over the course of the
2-year period, 311 of the 3,080 women (264
of 2,355 in urban areas) were lost as a result
of migration, and 49 of the mothers (39 in
urban areas) decided to withdraw from the
study.

For each study child, questionnaires were
administered in the third trimester of preg-
nancy, at birth, and at 2-month intervals
through the first 2 years of life. Where nec-
essary, the questionnaires were supple-
mented by observations (e.g., of sanitary
conditions) and measurements (e.g., of
weight and water quality). Information was
collected on "underlying variables" (inclucT
ing family income and assets, education of
family members and other socioeconomic
variables, prices of foods and other goods
and services in the community, and acces-
sibility to health facilities), "intermediate
variables" (describing households' consump-
tion choices for health-related goods and
services, such as prenatal care and infant
feeding patterns, water-use practices, per-
sonal hygiene practices, use of preventive
health services, maternal smoking and
drinking) and "outcome variables" (inciud-
ing gestational age and birth weight, and
growth, morbidity, and mortality at each
subsequent 2-month interval). Additional
details on the survey design and data are
available (16-18).



Underlying and Proximate Determinants of Child Health 187

MODELS FOR ASSESSING THE EFFECT OF UNDERLYING AND
INTERMEDIATE VARIABLES ON CHILD HEALTH

The mechanisms whereby socioeconomic, behavioral, and biomedical factors affect health
can be described in terms of two sets of equations. The first equation describes how the
underlying individual, family and community variables determine health-related behaviors;
the second equation describes how underlying and intermediate behavioral and biomedical
variables affect health outcomes. Following standard economics terminology, these are
referred to as "structural equations." For reasons which will become apparent later it is
necessary to distinguish between "endogenous variables," whose values are determined by
forces operating within the model, and "exogenous variables," whose values, while important
to the model, are determined by forces outside the model and are not explained by the
model. In the present context (as shown in figure 1 and table 1), variables such as infant
feeding patterns, use of medical facilities, type of water supply and sanitation, maternal work
status, and health status of the child are treated as endogenous, while variables that are not
the result of health-related household decisions (such as maternal education and food prices)
are considered exogenous.

The variables entering the models (where the subscript "/" refers to the particular child
and the subscript "/" to the time period) are: //,„ the health of the infant; Y,h endogenous
variables measuring the consumption of health-related goods; Z,,, exogenous community
and household characteristics; n,, an individual-specific disturbance term that does not
change through time; and („, purely random errors that vary across individuals and through
time.

Structural equation 1: Determinants of behavior

The underlying family and community variables (the Z,s) are hypothesized to determine
the health-related behaviors (Y,s) as follows:

Yn = a, Hct-\.i + «2 Hs,-ij + a3 Y,.\,i + «4 Z,,- + M>V + «™ (expression I)

for i: - 1,2, , N;

t = 2, 4, 24 months

Underlying

Intermediate
(or Proximate)

Exogenous Individual Household
and Community Factors (Z)

(e.g., prices, assets, values of
time, education, and availability

of facilities)

Health Related Goods (Y)
(e.g., prenatal care and

infant feeding)

Outcomes
Health at Birth (H )
(Birth weight and
gestotional age)

Health Age 2-12 months
(H toH6)

(growth & diarrheal &
respiratory morbidity)

Figure 1. Conceptual framework relating underlying, intermediate and outcome variables.
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TABLE 1. Endogenous variables in the diarrhea model for Cebu, Philippines, 1983-1985

I. Health of the infant
A. At birth (Ho)

1. Birth weight [continuous, OLS]*
2. Gestational age [continuous, OLS]

B. Every 2 months (H,, t = 2, 4 12)
1. Diarrhea [dichotomous, probit]
2. Weight [continuous, OLS]
3. Severe Respiratory Infection [dichotomous, probit]

II. Health-related factors affecting H, (f = 2, 4 12) (V,)
A. Exclusive breast-feeding pattern [dichotomous, probit]
B. Any breast-feeding pattern [dichotomous, probit]
C. Infant supplemental food nutrient intake [continuous, OLS]t
D. Preventive medical care for infant [dichotomous, probit]
E. Personal hygiene (soap use) [continuous, OLS]
F. Food processing [dichotomous, probit]
G. Immunizations (2 DPTJ; 3 DPT; measles) [dichotomous, probit]
H. Water quality [dichotomous, probit]
I. Excreta disposal [ordered discrete, ordered probit]

[ ] Indicates type of variable and estimation technique.
• OLS, ordinary least squares regression.
t During the period of exclusive breast feeding, a tobit estimation procedure was used.
t DPT, diphtheria-pertussis-tetanus vaccination.

and where the subscripts "G" and "S" refer to growth and sickness (or morbidity), respec-
tively.

Note that the health variables measured before the current time period (the "lagged" health
variables) have an effect on current health and non-health-related behaviors. That is, the
model takes account of the fact that a mother might, for instance, alter her infant-feeding
practices if her child failed to grow in an earlier time period. Note, too, that the model allows
for the possibility that children and families have peculiarities which have important effects
on how a child is treated, but which cannot be observed. For example, some mothers may
know from prior pregnancies that their children are likely to be frail, and may take account
of this when deciding whether to seek prenatal care.

The formal procedure for taking this unobserved heterogeneity into account is to have
two (rather than the usual one) disturbance terms in the behavioral equations. The first
disturbance term, n, is specific to the individual and does not change through time. In these
models, n represents the initial endowments of the infant which cannot usually be observed
by the researcher (such as "frailty"). The second error term, the <, is the conventional random
error term.

Structural equation 2: Determinants of health

The second structural equation describes how underlying and intermediate behavioral and
biomedical variables affect health outcomes. It is assumed that the probability of being sick
(e.g., of having diarrhea) in a particular period is determined in part by the nutritional status
in the prior period, and that growth in a particular period is determined in part by the
morbidity experience in the preceding period. In addition, it is assumed that both nutritional
status and morbidity in any particular child in any particular period are also affected by the
health-related and non-health-related behaviors in the prior period and by the family
characteristics in the current period (the Z,s). Accordingly, the "health structural equations"
are:
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HQU — 6\ HGI-\J + 62 Hsi-\,i + 03 Yt.\j + 64 Z,i + fioi + tail

Hsu = 7i HG,-\J + 72 Y,AJ + 73 Z,, + ust + tsu (expression 2)

HMH ~ ^l HGIA.I + ^2 HstA.t + l?3 ^(-],i + &» Z,, + /î f, + €A/,,

for f = 1, 2, ••••, JV;

r = 2, 4, 24 months

and where the subscripts "(?," "S1," and "AT' refer to growth, sickness, and mortality,
respectively.

As a specific example, consider the structural equation for diarrhea. One measure of
diarrhea from the available data is the dichotomous variable indicating whether the child
had diarrhea in the 7-day period preceding the interview. The endogenous variables include
exposure variables (water quality, personal hygiene practices, excreta disposal practices, food
hygiene practices, whether exclusively breast-fed, mother's concern with preventive measures
as measured by use of a well-baby clinic) and susceptibility variables (nutritional status as
measured by weight for age, whether breast-fed at all, and whether vaccinated against
measles), while the exogenous variables include exposure to animals in the home, season,
sex, household size, community density and child's mobility.

The "reduced form" equations

The two sets of structural equations represent a complete description of how behavior and
health are determined. By starting at birth and continuously substituting out for all endoge-
nous right-hand side variables, the so-called "reduced form" equations arc obtained.

Y,l — 2 Z,.rj fi* + n\i + lyii

an S ,, /^ Me G«
r°" (expression 3)

Hsu = I Z,.rJ 0? + usi + (si

In the reduced form equations, the endogenous variables (the Js) and the outcome
variables (the Hs) can be expressed just in terms of the exogenous variables (the Zs). These
reduced form equations may be used to examine the full effect of exogenous variables (such
as maternal education) on child health. They are also used in estimating the parameters of
the structural equations.

PROBLEM 1: ESTIMATING dinary least squares or logistic regression).
PARAMETERS WHEN SOME This section shows that because people rec-
VARIABLES ARE ENDOGENOUS o g n i z e ( s o m e ) h e a l t h t h r e a t s a n d t a k e m e a .

sures to reduce their risk from these threats,
The standard approach would be to esti- these standard procedures give the wrong

mate the parameters of such models using answers. The correct statistical procedures
standard statistical procedures (such as or- are described.
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Statistical procedures

For the reduced form equations (expres-
sion 3), it can reasonably be assumed that
the "heterogeneity disturbance terms" (the
us) are distributed independently of the ex-
ogenous variables (the Zs) and that the error
terms (the i*s and the *s) are normally dis-
tributed. Accordingly, standard statistical
techniques (such as ordinary least squares or
logistic regression) can be used to obtain
unbiased estimates of the parameters of the
reduced form equations.

It is, however, the structural equations
(expressions 1 and 2) that are of most inter-
est to policymakers, because they permit
assessment of the effects of different social,
economic, and biomedical interventions on
behavior and health. These equations pre-
sent more complex estimation problems.
For example, in expression 3 it can be seen
that the value of, say, Y,, depends on, and is
therefore correlated with, the "heterogeneity
disturbance term" (urd- Since the value of
undoes not change overtime, nn is similarly
correlated with Y,.,. In expression 1, there-
fore, a regressor (Y,.u) is correlated with a
disturbance term (nr.). Similarly in expres-
sion 2 we also have a regressor (FM,,) corre-
lated with a disturbance term (MG,).

If the parameters of expressions 1 and 2
are estimated using ordinary least squares,
inconsistent estimates will result. This is be-
cause, in explaining the dependent variable,
as much credit as possible is given to the
regressor and as little as possible to the error.
When the regressor and error are correlated,
some of the effect of the error is wrongly
attributed to the regressor (19).

A standard procedure for dealing with this
problem is that of "instrumental variables"
(20). In estimating the parameters of the
structural equation, the value of the prob-
lematic regressor (such as Yti) is not used,
but replaced by an instrumental variable.
The instrumental variable for Y,, is chosen
so that it is correlated with the regressor (Y,,)
and is uncorrelated with the disturbance
term (fin). In this particular case, the "pre-
dicted values" of the 7s obtained from ver-
sions of the reduced form equations (expres-

sion 3) can be used as instrumental variables
for the Ys in the structural equations (expres-
sions 1 and 2). Using these predicted values
rather than the actual values of the endoge-
nous variables, standard estimation proce-
dures are used to estimate the parameters of
the structural equations. Although not
widely known in the epidemiologic litera-
ture, such techniques are used routinely by
economists (21).

As discussed in more detail elsewhere (16-
18), in the Cebu study the models were
specified to include all endogenous and ex-
ogenous variables, and to allow each of these
to vary over time (by including a time inter-
action term). Only those interactions which
were statistically significant were retained.
The "random effects" estimation procedure
(21) was used to estimate the parameters of
the models. It was assumed that the MS and
es are normally distributed random variables
and that corresponding to the observed de-
pendent variables is a continuous latent vari-
able (the severity of the child's diarrhea in
this case). The mother reports that the child
has diarrhea if the latent variable is suffi-
ciently large (see reference 22 for a different
child health model that also uses latent de-
pendent variables). The actual calculations
were done with the HOTZTRAN algorithm
(23), using maximum likelihood methods in
which the distribution of the disturbance
term is taken into account in calculating the
standard errors of the coefficients.

Does endogeneity make a difference in
practice?

Two examples from the literature. The US
Environmental Protection Agency has con-
ducted a large-scale study on the effects of
medical care and air pollution on mortality
from respiratory disease (24). Whereas prior
epidemiologic studies had implicitly as-
sumed that people accept air pollution pas-
sively, the study recognizes that "people
have an incentive to adapt to environmental
conditions (by incurring the expense of
seeing a doctor or moving away from a
polluted city)" (25, p. 42). In analytic terms,
this means that "protective factors" (such as
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use of medical care) are not exogenous (i.e.,
determined by forces outside of the model)
but endogenous (i.e., determined by the level
of air pollution and other factors incorpo-
rated into the model). The study (24, 25)
shows, first, that the conclusion drawn from
a conventional analysis was that the level of
medical care had no effect on mortality from
respiratory illness, but, second, that when
statistical procedures taking account of en-
dogeneity were used, medical care was
shown to have a significant protective effect.

The second example deals with the effect
of prenatal care on child health. A conven-
tional analysis would treat the quantity of
prenatal care as an exogenous variable and
examine the relation between the level of
this variable and infant health. In fact, how-
ever, many mothers seek prenatal care in
part because they perceive (for reasons that
are valid but which investigators cannot ob-
serve) their fetus to be particularly vulnera-
ble. A detailed assessment of the relation
between prenatal care and infant mortality
in the United States (3, 5) has shown that a
conventional analysis (which ignores this be-
havioral aspect) would conclude that moth-
ers place their children at risk by obtaining
prenatal care, but that when statistical pro-
cedures take account of this behavioral re-
lation, use of prenatal care is shown to have
a strong protective effect.

Later in this paper, the practical conse-
quences of ignoring endogeneity are exam-
ined for the Cebu study.

PROBLEM 2: SAMPLE SELECTIVITY IN
LONGITUDINAL STUDIES

As children are followed over time, there
are inevitably losses to the study from re-
fusal, out-migration, and death. Since chil-
dren with certain characteristics are more
likely to be lost to the sample than other
children, the sample has been reduced in a
way which is certainly not random. An ex-
ogenous factor which affects migration (such
as father's occupation) but does not affect
child health would tend to emerge from the
analysis as a determinant of child health.

The procedure for correcting for this pos-

sibility consists of introducing a "correction
factor" (technically known as the hazard rate
or the inverse of the Mills' ratio (20, 26))
which is equal to zero for those individuals
who would, without any doubt, remain in
the sample throughout the period, and is
relatively large for those who are likely to
have been lost from the sample during the
period. The statistical procedure involves,
first, determining whether there is significant
self-selection (if the "correction factor" is
significant) and, if so, applying the necessary
correction.

AN ILLUSTRATIVE RESULT: THE
PATHWAYS THROUGH WHICH
MATERNAL EDUCATION AFFECTS
BEHAVIOR AND CHILD HEALTH

The Cebu Study Group has already pub-
lished detailed results from some early anal-
yses (16-18). For the present purposes, some
empirical results illustrate how the model
may be used to assess the biomedical and
socioeconomic determinants of child health.
The example chosen is one of major policy
interest because of the consistent and strong
relation (7, 8) between maternal education
and child health and because of the paucity
of data delineating the mechanisms by
which this effect operates. The example is
developed only for the urban sample, only
for diarrhea, and only for the first year of
life.

Underlying-proximate relations

The parameters of the behavioral struc-
tural equations (expression I) are estimated
for each of the health-related behaviors at
each particular stage of the child's life. Table
2 shows the effects of maternal education on
health-related behaviors during each 2-
month period. Table 3 shows the simulated
effects on the mean values of the health-
related behaviors of increasing the education
of each woman in the sample by one year.

Question I: Is the direction of the effect
sensible? Table 2 shows that as maternal
education increases, there are increases in
food intake, preventive health care, measles
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immunization, adequacy of excreta disposal
practices, quantity of soap used per capita,
and quality of drinking water; and decreases
in breast feeding (both exclusive and any)
and food contamination risk.

Question 2: Is the effect statistically sig-
nificant? From table 2 it can also be seen
that, for most health-related practices, the
effects of maternal education are highly sta-
tistically significant. The two exceptions are
unhygienic food preparation practices and
quality of drinking water. In both cases, the
lack of significance is almost certainly be-
cause, with the measures employed in these
early analyses, there is little variation in
these variables in the urban sample.

Question 3: Are the findings of practical
significance? From table 3, it can be seen
that a one-year increase in the education of
each mother would have substantial effects
on most of the health-related behaviors. For
example, for a 6-month-old child, a one-
year increase in maternal education implies
a 36 percent reduction in the probability of
exclusive breast feeding, a 5 percent reduc-
tion in the probability of any breast feeding,
a 7 percent increase in caloric intake, a 4
percent increase in the use of preventive
health care, a 9 percent reduction in the
probability of inadequate excreta disposal
practices, and a 2 percent increase in per
capita soap use.

Proximate-outcome relations

The second set of structural equations
(expression 2) describes the relations be-
tween the proximate (behavioral and
biomedical) variables and health outcomes.
Table 4 presents the proximate-outcome
structural equation for diarrhea for the lon-
gitudinal model estimated for the full first
year of life for the urban population. Table
5 shows the responsiveness of diarrhea to
changes in the proximate variables (as mea-
sured by the "elasticity," that is, the percent
change in diarrhea resulting from a percent
change in the proximate variable).

Substantive Question 1: Are the estimates
sensible and statistically significant? From
table 4, it can be seen that diarrhea is statis-

tically significantly lower for: faster growing
infants (with the effect greatest in small in-
fants); infants who are breast-fed (with the
protective effect greatest at young ages); in-
fants who are exclusively breast-fed; infants
who consume more food; infants whose
families use better quality water; infants
whose families follow hygienic food prepa-
ration practices; and infants whose families
have better excreta disposal practices (with
the effect greater in the early months of this
first year of life). Diarrhea is statistically
significantly higher for: male infants in the
latter months; crawling infants when there
are animals in the house; and children in
more densely settled communities.

Substantive Question 2: Are the findings
of practical significance? From table 5, it is
evident that the level of diarrhea is highly
responsive to breast-feeding practices (espe-
cially in the early months of life) and to
excreta disposal and water supply practices
(throughout the first year of life), moderately
responsive to caloric intake, especially later
in the first year of life, and largely unaffected
by preventive health care.

Methodological Question 1: What are the
consequences of sample selectivity? Statisti-
cal analysis showed that the hazard rate (or
inverse of the Mills' ratio) was small, and
not significantly different from zero. It was
therefore concluded that sample selectivity
was not significant (that is, that nonresponse
could be viewed as a random event in the
sample) and that the Mills' ratios could be
excluded in the final specifications of the
instrumental variables.

Methodological Question 2: What are the
consequences of ignoring endogeneity? The
importance of taking account of endogeneity
when modeling child health was tested in
two ways using the Cebu data set. The first
test is a formal statistical test—a chi-square
version of the Hausman test (21,27)—which
indicates whether endogeneity was actually
present. The critical value for a 1 percent
test is 29, while the test statistic was 98: the
null hypothesis of no endogeneity is strongly
rejected. The results of a second, more in-
tuitive, test (comparing results from two es-
timation procedures, one taking account
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TABLE 4. Longitudinal analysis: Structural equation for diarrhea incidence in week preceding survey,
urban Cebu, Philippines, 1983-1985

Explanatory variables

A. ENDOGENOUS
Susceptibility

Lagged weight velocity (g/day)
Lagged weight velocity interacted with weight (g x g/day)
Gestational age (weeks)
Gestational age interacted with age (weeks x days)

Susceptibility/exposure
Feeding practices

Any breast feeding 7 days before survey (prob)t
Any breast feeding interacted with age (prob x days)
Exclusive breast feeding with no exposure to patho-

gens, 7 days before survey (prob)
Total calories (cal)

Exposure
Health service use
Preventive health care (prob)
Health practices, personal and environmental

Coefficient

0.01
3.30 X 10"6

0.01
9.60 x 10'6

0.68
1.60x 10"3

1.53
4.40 x 10-"

(f statistic)

(-2.02")
(2.90*")
(3.12***)
(1.68*)

(-2.51**)
(1.76*)

(-5.91*")
(-1.73*)

-0.24 (-1.27)

Good quality water source (prob)
Soap purchased/capita/week (g)
Pathogenic food processing (prob)
Poor excreta disposal (prob)
Poor excreta disposal interacted with age (prob x days)

B. EXOGENOUS
Susceptibility

Child's age (days)
Child's sex (0-1)
Child's sex interacted with age (0-1 x days)

Exposure
Animals in the house (0-1)
Animals under the house (0-1)
Baby crawling interacted with animals in the house (0-1)
Crowding

No. of preschoolers (0-6)
No. of persons/room (0-9.5)
Community density (persons/km2)

Cumulative rainfall in last 2 weeks before survey (mm)
Cumulative rainfall interacted with age (mm x days)

C. OTHERS
Constant
Rho

-0.32
-3.70 x 10"5

0.91
0.92

-1.80X 10"3

7.10 x 10"4

-0.02
5.60 x 10-"

-6.90 x 10'3

-0.02
0.08

-0.03
9.90 x 10~3

6.50 x 10"6

2.05 x 10~4

1.20 x 10"6

-6.05
0.12

(-3.35"*)
(-0.06)

(1.85*)
(4.97*")

(-2.45")

(1.00)
(-0.24)

(2.09**)

(-0.22)
(-0.53)

(1.93*)

(-2.20")
(1.05)
(7.09*")
(0.45)
(0.69)

(-3.63"*)
(7.22*")

Note: Sample size for this analysis is 11,807. The significance levels for testing whether the coefficient is zero are indicated by:
* a = 0.10, " a = 0.05, • " « = 0 01.

t Prob, the predicted probability of the explanatory variable.

of endogeneity and one ignoring it) are
presented in table 6 and summarized in
figure 2.

"Column 1" of table 6 presents the results
of the analysis which ignores endogeneity.
For this analysis, observations are needed on
all of the variables (both those which are
considered exogenous and endogenous in

the analysis using instrumental variables). A
total of 6,674 observations are available.
"Column 2" of table 6 presents the results
of the instrumental variable analysis, for this
same sample. A comparison of columns 1
and 2 shows that the analysis which does not
account for endogeneity is reasonably spe-
cific. In only one case—total calories—does



TABLE 5. Percent change in diarrhea for a 1% increase in explanatory variables during the first year of life, urban Cebu, Philippines, 1983-1985*

Age of infants (months)
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Feeding practices
Exclusive breast feeding, no exposure to

pathogens
Any breast feeding
Total calories

Health service use
Preventive health care
Measles immunization

Health practices, personal and environmental
Pathogenicity of food processing
Poor type of excreta disposal
Quantity of soap per capita
Good quality of drinking water source

-0.59
-1.08
-0.12

-0.07
N/A

0.08
0.90

-0.01
-0.55

-0.33
-0.91
-0.15

-0.09
N/A

0.05
0.71

-0.01
-0.49

-0.05
-0.76
-0.22

-0.08
N/A

0.04
0.54
0

-0.44

N/A
-0.70
-0.24

-0.06
N/A

0.05
0.43
0

-0.43

N/A
-0.66
-0.29

-0.05
-0.02

0.04
0.34
0

-0.44

N/A
-0.60
-0.34

-0.04
-0.03

0.06
0.24
0

-0.43

* Entries are computed by the following formula: % change = (D2 — D,)/D, x 100, where D, is the simulated mean diarrhea when the coefficients of the explanatory variables in the diarrhea
structural equation are multiplied by their corresponding sample means D2 is the simulated mean when the value of the variable of interest is increased by 1.01 of its sample mean and the rest of
the explanatory variables are at their means. N/A, not available because no infant had this type of feeding or immunization during this period.

TABLE 6. The effect of ignoring endogeneity: Structural equation for diarrhea incidence in week preceding survey, urban Cebu, Philippines, 1983-1985

Explanatory variables

A. ENDOGENOUS
Susceptibility

Lagged weight velocity (g/day)
Lagged weight velocity interacted with weight (g x g/day)
Gestational age (weeks)
Gestational age interacted with age (weeks x days)

Susceptibility/exposure
Feeding practices

Any breast feeding 7 days before survey (prob)t
Any breast feeding interacted with age (prob x days)
Exclusive breast feeding with no exposure to pathogens,

7 days before survey (prob)
Total calories (cal)

Column 1

Estimates when endogeneity is ignored

0.08
-2 .40X10"*

0.18
-3.20 X10"6

-0.68
2.00 X10"3

-0.23
-2.30 x 10-'

(t-statistic)

(1.39)
(-0.24)

(0.74)
(-0.29)

(-5.58*«)
(3.93***)

(-1.46)
(-2.94***)

Column 2

Instrumental variable estimates

-0.01
4.10 x 10~6

0.09
-1 .50x 10"6

-1.06
4.30 x 10"3

-1.35
-3.10 x 10~*

(t-statistic)

(-1.20)
(2.13")
(1.48)

(-1.41)

(-2.291")
(2.20**)

(-3.64***)
(-0.84)



Exposure
Health service use

Preventive health care (prob)
Health practices, personal & environmental

Good quality water source (prob)
Soap purchased/capita/week (g)
Pathogenic food processing (prob)
Poor excreta disposal (prob)
Poor excreta disposal interacted with age (prob x days)

B. EXOGENOUS
Susceptibility

Child's age (days)
Child's sex (0-1)
Child's sex interacted with age (0-1 x days)

Exposure
Animals in the house (0-1)
Animals under the house (0-1)
Baby crawling interacted with animals in the house (0-1)
Crowding

No. of preschoolers (0-6)
No. of persons/room (0-9.5)
Community density (persons/km2)

Cumulative rainfall in last two weeks before survey (mm)
Cumulative rainfall interacted with age (mm x days)

C. OTHERS
Constant
Rho

0.02 x 10"3

-0.17
-1.20 x 10"5

0.15
0.09
2.70 x 10"3

2.80 X10"4

-0.05
6.50x10-"

-0.02
-0.01
0.02

0.03
0.02
5.80x10*

-0.07
-4.50 x10"6

-1.87
0.16

(-0.31)

(-1.87-)
(-0.37)

(1.30)
(1.04)
(0.07)

(0.65)
(-0.47)

(1.40)

(-0.39)
(0.05)
(1.04)

(0.14)
(1.15)
(5.13"*)

(-1.20)
(-1.59)

(-1.85")
(6.27***)

-0.06

-0.22
3.00 x 10"
0.87
1.11

-3.60 x 10"

1.30 x 10-"
-0.07
7.10 x 10"*

-6.60 x 10"3

-0.03
-0.01

-0.03
0.01
7.60 X10"6

-4.47 X 10-*
3.30 X10"8

-4.51
0.15

(-2.30**)

(-1.70*)
(0.35)
(1.27)
(3.68"*)

(-2.71 •••)

(0.98)
(-0.70)

(1.55)

(-0.12)
(-0.68)

(0.13)

(-1.49)
(0.73)
(6.26***)

(-0.68)
(1.17)

(-1.88")
(5.86"*)

I
•<

CQ

a
TJo
x

Note: Sample size for this analysis is 6,674. The significance levels for testing whether the coefficient is zero are indicated by. • e> = 0.10, ** a = 0.05, ••• a --
f Prob is the predicted probability of the explanatory variable.
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"Correct"

Analysis

(Accounting

for

fcnaogeneiTy;

"Standard" Analysis (Ignoring Endogeneify)

I
I Sign positive
jand
j significant

I
I
I Not
| significant

\

I
|
Sign negative
and

I significant

Sign positive
and
significant

breastfeeding x age
community density

Not significant

excreta disposal
weight velocity x weight

weight velocity
food processing
soap
animals in house
animals under house
gestational age
child's age
persons / room
# preschoolers
child's sex
rainfall
baby crawling x animals
gestational age x age
raintall x age
exclusive breastfeeding
preventive services
excreta disposal x age

Sign negative
and
significant

total calories

any breastfeeding
water quality

Legend:

Inference from "standard" analysis would be:

correct

moderately midleading

seriously misleading

Figure 2. Inferences from the "correct" and "standard" analyses, Cebu, Philippines, 1983-1985.

the simpler model (column 1) suggest a sta-
tistically significant relation which is not
significant in the "correct" model (column
2). More serious, however, are those behav-
iors—improved excreta disposal, preventive
health care and exclusive breast feeding—
which would appear to have no effect if
endogeneity is ignored (column 1) but
which, in fact, have strong protective effects
(as shown in the "correct" analysis in col-
umn 2). Furthermore, where the analysis
ignoring endogeneity gave statistically sig-
nificant estimates of the correct sign (any
breast feeding, water quality, community
density, and breast feeding x age), the pa-
rameter values were substantially biased to-
ward the null. In short, if endogeneity is
ignored, incorrect conclusions will be drawn
on the determinants of health.

Tracing the paths by which education
affects health

Interesting and important as the above
results are, the major potential contribution
of the Cebu Project is the integration of these
two levels of analysis into a single, integrated
behavioral-cum-biomedical description of
child health. This integration can be illus-
trated by tracing through the pathways by
which maternal education affects health-
related behavior, and how such behavior, in
turn, affects health.

Before tracing this path, the aggregate ef-
fect on diarrhea of a one-year increase in
maternal education can be calculated using
the reduced form (expression 3). The net
effect of a one-year increase in maternal
education would be to reduce the incidence
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of diarrhea episodes by about 5 percent in
each time period. (Over the first year of life,
the mean incidence of diarrhea in a 7-day
period increased from under 4 percent in
the first 2 months to over 15 percent in the
final 2 months.)

By combining the simulated effects of ed-
ucation on health (table 3) with the simu-
lated effect of behavioral changes on diar-
rhea (table 5), the education-behavior-diar-
rhea pathway can be traced. Table 7 shows
that the three major pathways through
which maternal education affects health in
this population are: a large reduction in
diarrhea (about 4 percent) because of im-
proved excreta disposal practices, with the
effect being particularly strong in the early
months of life; a substantial reduction in
diarrhea because of the increase in calories
given to the child, with the effect greater
toward the end of the first year of life; and a
substantial, offsetting, increase in diarrhea
because of a reduction in the number of
mothers who breast-fed, with reduced exclu-
sive breast feeding most important in the
early months, and reduced breast feeding
most deleterious early but remaining serious
throughout the first year of life.

This information is presented graphically
(for 6-month-old urban children) in figure
3. From figure 3, it is evident that some
pathways are not important in this popula-
tion either: because maternal education has
little effect on behavior (as is the case of
water supply for this urban population); or
because the prevalence of the particular be-
havior is low (only 9 percent of mothers are
exclusively breast-feeding their children at
this age, for instance); or because changes in
the particular behavior have little effect on
health in this period (such as changes in the
use of soap).

SUMMARY AND CONCLUSIONS

This paper shows that an integrated
socioeconomic-biomedical model of child
health can be specified and the parameters
estimated. The results show that if endo-
geneity is ignored, incorrect conclusions are
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UNDERLYING
VARIABLE

(Maternal Education)

INTERMEDIATE
BEHAVIORAL
VARIABLES

OUTCOME
VARIABLE
(Diarrhea)

Increase of
1 year in
maternal
education

FEEDING PRACTICES
Probability of
exclusive breast-
feeding

Probability of
any breast-feeding

Calories

1 36%

1 5%

t 7%

HEALTH SERVICE USE
Preventive health t
care

4%

ENVIRONMENTAL HEALTH
PRACTICES

Food pathogenicity
Poor excreta

disposal
Soap use
Water Quality

0
1 9%

* 2%
0

+2.0%

-1.2%

-0.2%

* 0
* -3.8%

* 0
* 0

Figure 3. The pathways through which maternal education affects health at age 6 months, urban Cebu,
Philippines, 1983-1985.

drawn concerning the effects of several de-
terminants of child health. The analytic ap-
proach permits unique and readily under-
standable disaggregation of the effects of un-
derlying and intermediate determinants of
child health.
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