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The effect of behaviour on health is a major area of contemporary epidemiological enquiry. Most epidemiological
studies of the effect of behaviour on health assume that the levels of the behaviour-related variables are determined by
factors other than those under study. However, in many instances, obvious examples are breastfeeding and smoking,
not only do behaviours affect health but, conversely, individuals take into account their (observable and non-
observable) health conditions when making behavioural decisions. In models which allow for the joint determination
of health and behaviour, both health and behavioural variables are ‘endogenous’, that is, determined by forces acting
within the model. Through some simple didactic examples it is shown that estimates of the effect of behaviour on
health are biased if endogeneity is ignored. Review of the small empirical literature on this subject shows perverse
results, such as a negative relationship between the use of prenatal care and infant mortality, when endogeneity is
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ignored. Standard procedures for taking account of the effects of endogeneity are described briefly.

AN ILLUSTRATIVE MODEL OF HEALTH AND
HEALTH-RELATED BEHAVIOUR

Consider an epidemiological study of the effect of
breastfeeding on health and assume, for the sake of
illustration, that the following relationships are true:
Biology: A baby isless likely to become ill if it is breast-
fed. Behaviour: The culture is one in which breast-
feeding of young children is common. Mothers who
have sickly children are more likely to stop breast-
feeding their babies.

Further, assume that these relationships can be
represented by the following equations:

S=u+B,*F+y,+L +¢ 1)
F=ua,+B,*S+y,*M+¢,
where, S is the probability of sickness in a particular
period, F indicates whether the child is breastfed, L is
the level of environmental sanitation and M indicates
whether the mother is educated.

There are many epidemiological studies of the effect
of breastfeeding on health (for a recent review of the
studies on breastfeeding and diarrhoea, see Feachem
and Koblinsky).' Many of these studies pay careful
attention to the standard sources of bias considered by
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epidemiologists (such as selection bias, misclassifi-
cation and confounding). Virtually all studies ignore
the fact that the level of breastfeeding not only affects
health, but that the decision to breastfeed is also a
response to the perceived health (or susceptibility) of
the child.

In this paper we posit that studies of the effect of
behaviours (including breastfeeding, prenatal care,
smoking, exercise and many others) on health ignore
an important and pervasive source of potential bias
which arises because these behaviours not only affect
health, but are also determined, in part, by (observ-
able and non-observable) health attributes of the indi-
vidual. Specifically we will show that:

® ignoring this endogeneity (in which behaviour
affects health and health affects behaviour) leads
to biased measures of the effect of behaviour on
health;

® these biases are large in realistic conditions;

® in the few empirical studies which address this
issue, the direction of the biases is as predicted,
and the policy implications profound;

® there are standard statistical techniques for cor-
recting for the effect of endogeneity.

For illustrative purposes, assume that the effect of
breastfeeding (F) on sickness (S) is:



148
$S=02-03«xF—-02»L

and that the effect of sickness (S) on the probability of
breastfeeding (F) is:

F=08-10+«85-01+M

Following a didactic scheme developed by Wonnacott
and Wonnacott,’ let us simulate what happens when a
statisticlan estimates the effect of breastfeeding on
sickness by observing dataon F and S.

In this highly simplified model, there is only one
combination of values for breastfeeding and sickness
that satisfies both equations simultaneously (for given
values of L and M). For a given level of sanitation (L),
allowing education to shift from 0 (‘no education’) to
one (‘educated’) traces out the sickness line. ( A similar
graph could be used to show how shifts in L trace out
the breastfeeding line.) The implication is that all coef-
ficients in such a model can be estimated (in technical
terms, both equations are identified).

In practice, however, relationships are never so per-
fectly defined. Rather, as in equations (1), there are
error terms (€s) in each equation. When these errors
are introduced, the figure becomes a little more com-
plicated, with the relationships becoming ‘bands’ (as in

Sickness (S)
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Figure 2) rather than lines. When data are collected in
a world described by Figure 2, all observations obeying
the biological relationship (those in the band around
the ‘S’ curve) cannot be observed, because of the con-
straints imposed by the behavioural relationship.
Rather, the eligible observations are only those in the
two ‘overlapping areas’ illustrated in Figures 3 and 4.

THE BIASES WHEN ENDOGENEITY IS
IGNORED

If one ‘eyeballs’ a regression line through the eligible
data points on Figure 4, it is evident that the estimated
effect of breastfeeding on health will be substantially
different from the true relationship. This is so because,
as a result of the constraints imposed by the behav-
ioural relationships:

® when the explanatory variable (F) is large, the
error term (€,) is likely to be negative;

® when the explanatory variable is small, the error
term is likely to be positive.

In technical terms, the problem is that when an
explanatory variable is correlated with the error term

F(forM=0)

F(forM=1)

S (for fixed L)

Breastfeeding (F)

Where: M indicates level of mother’s education and L indicates level of
environmental sanitation.

FiGure 1 The true biological relationship.
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Sickness (S)

F=0.8—1.0*S—0.1*M (behaviour)

with M=1
with M=0

S$S=0.2—-0.3*F—0.2*L (with L=1 }l
(biology)

0
Breastfeeding ()

FiGure 2 Biology and behaviour—observations.

Sickness (S)

Eligible observations

0
Breastfeeding (F)

FiGure 3 The eligible observations.
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FiGure 4  Observations and true and apparent relationships.

this constitutes a violation of a basic assumption of
regression theory. As shown in elementary statistics
texts, this systematically leads to biased estimates of
the effect of F on S. Intuitively this is so because regres-
sion procedures give as little credit as possible to the
error (€), and as much credit as possible to the explana-
tory variable (F). Since E and F are correlated, some of
the effect of the error is wrongly attributed to the
explanatory variable (F). ‘

It is evident from Figure 4 that the direction of the
bias depends on the relative slopes of the biological
and behavioural relationships. By repeating Figure 4
for a variety of values of B, and f3,, the effect of endo-
geneity can be derived for all combinations of §, and
B,. The results are presented in Figure 5.

For the illustrative example of the relationship
between breastfeeding and ill health, both B, and B, are
negative and ,8,<1. Figure 5 shows that in this case
Bi estimate <Bi.ume- That is, if endogeneity is ignored, the
effect is to overestimate the protective effect of
breastfeeding.

DO EMPIRICAL RESULTS ACCORD WITH
THEORETICAL EXPECTATIONS?
To our knowledge there are only two empirical inves-

tigations in the health literature of the distortionary
effects of ignoring endogeneity.

Example 1: The Effect of Prenatal Care on Infant
Health in the US

Schultz® has investigated the effect of prenatal care on
infant health in the US. His analysis explicitly took into
account the probability that mothers-to-be make con-
scious decisions on the level of prenatal care to be
sought, and that this decision is affected by the ‘health
endowment’ of the foetus (which is unobservable to a
researcher). Specifically, when the woman has either
had a problematic prior pregnancy or difficulties with
the current pregnancy, she is more likely to seek pre-
natal care. Accordingly, the hypothesized biological
and behavioural relationships are as illustrated in
Figure 6.

In terms of the general scheme of biases, , is nega-
tive and B, is positive. Asshown in Figure 5, under such
circumstance B, inue =B Thatis, if endogeneity is
not taken into account, either (a) the beneficial effect
of prenatal care would be underestimated, or (b) pre-
natal care would even appear to adversely affect child
health (ie B, .mae Would be positive when B, .. is
negative).

In his investigation of the determinants of infant
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FIGURE 5 Bias in B, due to endogeneity.

mortality in the US, Schultz’ showed that if prenatal
care was treated as an exogenous variable then the
effect of prenatal care appeared to be to increase infant
mortality. When prenatal care was treated as an endo-
genous variable, however, prenatal care was found to
reduce infant mortality significantly. The direction of
bias resulting when endogeneity was ignored, then,
was as predicted.

Il health

Prenatal care

Biology: B, is —ve

Example 2: The Effect of Medical Care on
Respiratory Iliness in the US

An Environmental Protection Agency study™ ana-
lysed the determinants of respiratory illness in the U S.
In an initial analysis, the availability of physicians
appeared to have no effect on respiratory illness, even
after confounders are taken into account. In a more
realistic formulation (illustrated in Figure 7), allow-

I11 health

Prenatal care

Behaviour: 5, is +ve

FIGURE 6 The effect of prenatal care on child health.
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Ficure 7 The effect of medical care an respiraiory illness.

ance was made for the fact that physicians choose to
live in areas where air pollution levels are relatively
high. When this behaviour is taken into account (in
technical terms, when the level of medical care was
treated as endogenous), the effect of medical care was
to significantly reduce the levels of respiratory illness.
Again the bias found in this empirical analysis is consis-
tent with the bias predicted in Figure S—with 8, nega-
tive and BZ pOSi[iVE, Bl.eslirnale > B!.Irut'

HOW DOES ONE CORRECT FOR
ENDOGENEITY?

Although the epidemiological literature on endogen-
eity is sparse (as the above ‘review’ suggests), the prob-
lem is one which has long been recognized by
economists and one for which econometricians have
devised standard procedures (eg reference 2). From
the earlier discussion, it should be apparent that the
central task is to purge the model of the correlation
between the explanatory variable and the error term.
The standard procedure for doing this is to substitute
the explanatory variable with a proxy (known as an
‘instrumental variable’) which is correlated with the
explanatory variable but which is not correlated with
the error term. When such an instrumental variable is
used in place of the original explanatory variable, then
there is no longer any correlation between the explana-
tory variable (now the instrumental variable) and the
error term, and thus the estimate of effect is unbiased.?

In econometrics this procedure is widely understood
and routinely applied. In describing the procedure to
epidemiologists and others unfamiliar with the tech-
nique an important task is to convince them that it is
correct and necessary to substitute the known, true
value of a variable (often obtained at great effort) with
an estimate (the instrument) which is necessarily dif-
ferent from the true value of the variable. A major pur-
pose of this paper is to help explain this
seemingly-irrational procedure!

CONCLUSIONS

Most studies of the effect of behaviour on health
assume that the levels of the behaviour-related vari-
ables are determined by factors other than those under
study, that is that they are ‘exogenous’. In fact, how-
ever, there is widespread evidence that people are not
passive acceptors of risks to their health, but that they
adjust their behaviour because of their perceptions of
their health and the risks to their health. In technical
terms, these health-related behaviours are determined
by forces acting within the model under study and are
therefore ‘endogenous’ to the model. In this paper
some simple methods for tracing the effects of this
endogeneity are presented. It is shown that the csti-
mated effects of behaviour on health are in general
erroneous when endogeneity is not taken into account.
In the case of the few published epidemiological stud-
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ies which take account of this effect, it is shown that the
biases are as predicted by the theoretical models.
Finally, statistical procedures for obtaining correct
estimates of the effects of behaviour on health are
described.
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