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Introduction

Q1: What is the evidence for effects of health on
productivity and incomes?

This pertains to the growth and anti-poverty
implications for policies that seek to improve
healthcare

Q2: Is there evidence of effectiveness of specific
health interventions?

References: Q1: Strauss and Thomas JEL survey
1997 (+JEcTr results) Q2: Baird, Hicks, Kremer
and Miguel (WP2012): ‘Worms at Work’
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Measurement Issues

Measurement of health and nutrition is tricky:
bias/errors in self-reported information
For health, tend to rely on anthropometric
measures:

height
weight, BMI

Height depends on early childhood nutrition, weight
depends also on recent nutrition, energy expended
etc.

For nutrition, measure calorie consumption,
proteins, (+iron)
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Hypotheses to be Tested

Health and nutrition affects work productivity −→
affects wages

Health and nutrition affects hours worked −→
affects earnings

Expect these effects to be stronger for poorer
groups, and those engaged in manual occupations
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Problems in Empirical Testing

Omitted variables: education, wealth,
family/neighborhood characteristics

Direction of causation: health to earnings, or vice
versa?
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Steps in Empirical Analysis

1. Correlations/plots
2. Add controls: run regressions
3. Endogeneity concerns:

IV regressions (Thomas-Strauss 1997 results)

RCEs (Deworming Experiment in Kenya)
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Is Height and Weight Entirely a Result of
Genetics?

Historical evidence (Robert Fogel) for US and
Western Europe: significant increases in height over
two successive centuries

Observed in Japan over 1870-1900
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Height Variations Across and Within
Countries, 45-55 cohort

(or European) today is a good deal
taller than his counterpart of two centu-
ries ago, Fogel argues that stature is a
useful index of the well-being of a popu-
lation, supplementing data on wages, in-
comes, and economic activity. (See the
survey by Richard Steckel 1995.) 

Following this argument, Figure 1
presents evidence on the relationship
between stature of adults and date of
birth for the United States and three
contemporary low-income populations:
Brazil (in Panel B), the Côte d’Ivoire
(Panel C) and Viet Nam (Panel D).
Each panel covers a span of between 45
and 55 years.3  Note that the scales for

men (on the left) and women (on the
right) are directly comparable within
each panel, but not across panels.

Among these people, American males
are the tallest. The average American
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Figure 1.  Adult Stature by Birth Cohort

3  All the figures are based on samples of prime-
age adults (ages 23 through 60) and present
LOWESS estimates (Cleveland 1979) of the rela-
tionship between height (measured by an anthro-
pometrist) and exact birth date (or birth year in
the Côte d’Ivoire). The United States data are
drawn from the National Health and Nutrition Ex-

amination Survey (NHANES) II (1976–80); we re-
strict attention to only the native born (who are
taller than immigrants). There are 9,323 men and
women in the sample. The Estudo Nacional da
Despesa Familiar (ENDEF) was conducted in
Brazil in 1974–75, and we have 23,107 adult re-
spondents in the sample. The Viet Nam Living
Standards Survey (VLSS), which was collected be-
tween October 1992 and October 1993, covers
4,800 households randomly drawn from the entire
country; the sample included in this figure con-
tains 10,235 adult respondents. The Côte d’Ivoire
Living Standards Study (CILSS) (1986) contains
information on 3,744 native born adults. In the
CILSS, most adult birth dates, or ages, are re-
ported in complete years, and there is a good deal
of stacking on even digits. These age errors, along
with the relatively small sample size, give us less
confidence in the estimated shapes for this survey,
relative to the other three.

 Strauss and Thomas: Health, Nutrition, and Economic Development 769
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Variations within Vietnam

height is 9.2 cm in the United States,
slightly higher in Brazil and lower in
the Côte d’Ivoire and Viet Nam. The
gap in heights of women is slightly
smaller both across countries and
within countries; for example, the inter-
quartile range of female height of
women born in 1950 in the U.S. is 6.9
cm. This within-country heterogeneity
does not solely reflect genetic variation,
but is related to socioeconomic condi-
tions (John Strauss and Duncan Thomas
1995b).

The variation in changes in adult
stature within a country yields insights
into how the benefits of growth have
been distributed within the population.
Viet Nam serves as an example. Table 1
reports annual changes in stature
among men born in the North and
South of the country; the periods before
and after 1955 are also distinguished.
Among the 1925–55 cohort, adult stat-
ure increased 1.9 cm each decade in the
poorer North, which is about 25 percent
faster than in the South. Moreover, the
shortest (and the poorest) benefited
most during this period, especially in
the North, where average height in-
creased by 2.5 cm each decade—over

50 percent faster than among the short-
est in the South, and nearly twice as
fast as among those in the top decile of
height. This evidence suggests there
was improvement in the standard of liv-
ing of all Vietnamese and a decline in
inequality in terms of height (and, per-
haps, economic conditions). In the
post–1955 era, however, growth in at-
tained height stopped for the average
Vietnamese male in both the North and
South. But in the North, growth ap-
pears to have declined among the short-
est while increasing slightly among
those at the top of the height distri-
bution, resulting in an increase in
height inequality during the period.
This evidence suggests that not only did
growth falter, but in the North the
worst off were hit hardest by the dis-
ruption from the war period.

Turning to data at the household
level, there is a good deal of direct evi-
dence indicating that income and health
are correlated. Not only does the de-
mand for health services typically rise
with income, but there is abundant evi-
dence that the poorest are typically in
the worst health. (See Jere Behrman
and Anil Deolalikar 1988, and Strauss

TABLE 1
ANNUAL RATES OF GROWTH OF ADULT STATURE: VIETNAMESE MALES

Birth Cohort: 1925–55 1956–70

Birth Place:       North South North South

10th Percentile 0.251*
(0.03) 

0.164
(0.03)

–0.086
(0.05) 

–0.041
(0.05) 

Mean 0.189*
(0.02) 

0.150
(0.02)

–0.008
(0.03) 

–0.060
(0.04) 

90th Percentile 0.134
(0.03)

0.129
(0.03)

0.039*
(0.05) 

–0.075
(0.05) 

Notes: Coefficients from piecewise-linear regressions of height (in cm) on exact birth date (measured in years) for
least squares (Mean) and quantile regressions (at 10th and 90th percentiles). Standard errors in parentheses.
Quantile regression standard errors calculated using bootstrap. * Denotes significant difference between North and
South at 5 percent level.

 Strauss and Thomas: Health, Nutrition, and Economic Development 771
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Brazil Sample in Strauss and Thomas

1974-75 Brazil Household Survey

53,000 households, nationally representative sample

direct measurement of anthropometrics, nutrition

survey-based data on earnings, education, hours
worked
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Height and Wages in US and Brazil, by
Education and Age

Height may be a proxy not just for
the quantity of schooling but also for its
quality, another dimension of human
capital investments. While this concern
does not apply to those who have no
schooling, there may be other human
capital investments, such as parental
time allocation, which are correlated
with height and underlie the positive
correlation between height and wages.
It is important, therefore, when inter-
preting these correlations, to recognize
that they may reflect both rewards to
human capital investments early in life
and strength or robustness as an adult.

In contrast with height, body mass in-

dex (BMI)9  varies over the life course
and thus may capture both longer- and
shorter-run dimensions of nutritional
status and health. Clearly, BMI is re-
lated to energy intake, net of output; it
has also been shown to be related to
maximum oxygen uptake during physi-
cal work (VO2 max), which is, in turn,
related to aerobic capacity and endur-
ance, independent of energy intake
(G.B. Spurr 1983, 1988; Reynaldo Mar-
torell and Guillermo Arroyave 1988).
Whether this is an important pathway
through which health may influence
productivity is not obvious, since many
jobs do not require sustained physical
effort. Moreover, energy can be stored

Figure 2.  Wages, Education, and Height of Males in Brazil and the United States

1.25

1

.75

.5

.25

United States

In
 (w

ag
e)

 in
 B

ra
zi

l

2.25

2

1.75

1.5

1.25
In

 (w
ag

e)
 in

 U
ni

te
d 

St
at

es

160

A1

170 180 190

Brazil

14

12

10

8

6

United States

Ye
ar

s 
of

 e
du

ca
tio

n
160

B1

170 180 190

Age 55-64

Age 25-34

1

.75

.5

.25

0

Brazil

In
 (w

ag
e)

 if
 n

o 
ed

uc
at

io
n 1.5

1.25

1

.75

In
 (w

ag
e)

 if
 s

om
e 

ed
uc

at
io

n

160

A2

170 180 190

No education

8

6

4

2

0

Brazil

Ye
ar

s 
of

 e
du

ca
tio

n

150

B2

160 170 180

Age 55-64

Age 25-34

Height CMS

Some education

Height CMS

of 0.34) and the correlation between height and
wages is largest for those white men who have
some college education.

9 Weight (in kilograms) divided by height (in
meters) squared.
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BMI and Wages in US and Brazil
in the body and expended when
needed, which implies that BMI may be
affected by contemporaneous move-
ments in incomes or prices, so that the
dynamics linking them, BMI and pro-
ductivity, may be very complicated.
Furthermore, current BMI partly re-
flects previous health and human capi-
tal investments, and so a correlation be-
tween BMI and productivity may be
capturing the influence of those prior
investments.

With these caveats in mind, Figure
3A presents the relationship between
wages and BMI for United States and
Brazilian males. In the United States,
the function is an inverted U with opti-
mal BMI (in terms of maximizing
wages) being around 24. (This translates
into a weight of 177 lbs for a man who
is 6 ft. tall.) The magnitude of the dif-
ferences in wages across the BMI distri-
bution in the United States is dwarfed
by the magnitude in Brazil, where the
shape is also quite different. Among
men whose BMI is less than 27, wages
rise dramatically as BMI increases, par-
ticularly for those above 22. Wages are
essentially unrelated to BMI for the 13
percent of men whose BMI is above 27.

It is instructive to examine the wage–
BMI curve within education groups
(Fig. 3B). In contrast with height, only
a small part of the correlation with BMI
appears to be capturing the influence of
education, further suggesting that nutri-
tional status and wages are related over
and above other human capital invest-
ments. The wage–BMI curve flattens at
low BMI only for the poorest (those
with no education), suggesting that
poor nutrition (or poor health) takes its
heaviest toll on the most vulnerable.
The positive correlation between wages
and BMI persists for those with no edu-
cation even at high levels of BMI, but is
zero when BMI exceeds 25 among the
better educated. It is plausible that

among men with no education, elevated
BMI is associated with greater physical
strength, which is of value for manual
labor, but that strength is of less value
among the better educated (who are
more likely to have sedentary occupa-
tions).

Figures 2 and 3 include only working
males. But labor force participation
choices may also be related to health.
The relationship between the fraction
of urban men in Brazil who are not
working and their nutritional status is
reported in Figure 4. It is clear that
shorter men not only earn less, they are
also less likely to be working. Over 10
percent of men who are 154 cm tall
were not working at the date of the sur-
vey, but among those who are about 167
cm tall, the fraction is only 5 percent.
For men taller than 167 cm, there is a

Figure 3.  Wages and BMI in Brazil and the United States
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Height and BMI correlation with Labor
Force Participation

slight decrease in the probability of not
working as height increases, but the
slope is not significantly different from
zero.10  A similar pattern emerges for
BMI: the probability that a man is not
working decreases with BMI until
around 24, at which point it is essen-
tially flat.

Other dimensions of nutritional
status are also correlated with labor
outcomes in the Brazilian data. Wages
rise as calorie intakes increase (until
around 2400 calories per day) and as
protein intakes increase. In fact, wages
rise as diet quality increases (as meas-

ured by the fraction of calories from
protein sources). The preponderance of
evidence suggests that health and labor
outcomes are, indeed, correlated among
men in Brazil; similar conclusions
emerge for women (Thomas and Strauss
1997).

There are, however, very good rea-
sons to be cautious about giving these
correlations a causal interpretation.
Thus, before discussing what has been
learned about the impact of health on
productivity in the empirical literature,
we outline a simple model in the next
section to guide our assessment of that
literature and discuss issues that arise
in interpreting the evidence.

3.  Economic Framework

It is useful to begin with a simple
household production model in order to
highlight the main issues in the litera-
ture (Gary Becker 1965); several exten-
sions are discussed below. Assume a
single-person household that maximizes
utility over one period. Let worker pro-
ductivity be perfectly observed by firms
and assume the labor market is com-
petitive.

Our central focus is on the link be-
tween labor outcomes and health. It is
important to distinguish health out-
comes, such as height, body mass, dis-
ease incidence or physical functioning,
from health inputs that might include
nutrient intakes, exercise, smoking, and
utilization of preventive or curative
health care.11  Following the seminal
work of Michael Grossman (1972), let
there be a generic health production
function for an individual:

Figure 4.  Height, BMI, and Percent Not Working
(Males in Urban Brazil)
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10 Looking only at men below 167 cm in height,
the slope of the participation–height function is
steepest among men with no schooling; a centime-
ter increase in height is associated with a .5 per-
cent decline in the probability of not working.

11 The distinction is not always clean-cut since
some outputs may also be intermediate inputs into
other outputs, such as disease incidence for body
mass and vice-versa. We abstract from these com-
plications here. Note also that some health outputs
may be jointly produced, while others may be pro-
duced solely.
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Regressions: Inclusion of Controls;
Endogeneity Concerns (Thomas and
Strauss, J Econometrics 1997)

Include controls for education, age, gender,
neighborhood characteristics

Cross-section data: no capacity for longitudinal
analysis (irrelevant for height)

Endogeneity concerns: direction of causality?

Instrumental Variables: prices for 10 relevant food
groups, and nonlabor income

Exclusion Restriction: is it plausible?
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Are the Instruments Strong Enough?
D. Thomas, J. Strauss/Journal of Econometrics 77 (1997) 159- 185 169 

Table 1 
First-stage F-statisticsfor significance of identifying instruments 

Males Females 

Calorie Protein Calorie Protein 
BMI intakes intakes BMI intakes intakes 

Prices & nonlabor income 11.7 10,7 20.6 10.3 15.i 34.6 
p-value (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 

Prices 13.5 14. I 23.7 14.4 18.0 29.7 
p-value (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 

Nonlabor income 6.5 !.9 12.2 0.2 8.6 43.9 
p-value (0.00) (0.12) {0.00) 10.92) (0.001 {0.00) 

R 2 0.07 0.16 0.16 0.09 0.16 0.17 

5.2. Instrumental variables estimates for male market wages 

Instrumental variables estimates of the impact of health indicators on the 
wages of men and women in urban Brazil are reported in Tables 2 through 5. 
Market wage (earnings per hour) functions for men are presented in Table 2. The 
robustness of these results is examined in Table 3. Table 4 reports results for 
market wage functions for women and self-employment wage functions for both 
men and women, in Table 5 the sample is stratified by level of education. 

Standard errors are presented below each coefficient estimate. They are 
followed by Durbin-Wu-Hausman Z" statistics for endogeneity of the health 
measures, G M M tests for overidentification, and tests for the joint significance 
of sets of eovariates; p values are reported below these tests statistics. Unless 
stated otherwise, all test statistics are based on the bootstrapped estimates of the 
variance-covariance matrix. 

In addition to the covariates listed, the regressions include age, its square, an 
aggregate commodity price index to account for regional heterogeneity in price 
levels, and levels of infrastructure. ~s Seasonal variation (and also the effect of 

~Slf the overall price index captures only price-level variation, then its estimated coeiticient should 
be one. Deviations from one should reflect the impact of demand-side factors. It is close to unity in 
all regressions. It is also very well determined {with t-statistics around 20 in most c~ses) and, in some 
cases, it is significantly different from unity. For example, in the first regression in Table 2, the 
coefficient on the price index i~ 1. I 0 (with a standard error of 0.05); when all the health indicators are 
included in the regression, the coefficient on ~.he price index has declined to 0.95 {with a standard 
error of 0.11 ). 
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IV Regression Results: male
non-self-employedD. Thomas, J. Strauss/Journal of Econometrics 77 (1997) 159.-185 171 

Table 2 
Males in market sector: Impact of health characteristics on In(wages) 

Covariates 

No Height Add Add Add All 
health only BMI calories protein health 
(l) (2) (3) (4) (5) (6) 

In(height) 

In(body mass index) 

In(per capita calories) 

- squared 

In(per capita protein) 

- squared 

Education 
(1) literate 

(I) elementary 

(1) secondary + 

Hazard rate 

Tests for 

Endogeneity 

Overidentificalion 

Joint significance 
Education 

p-value 
Calories 

p-value 
Protein 

p-value 
Nutrients 

p-value 
BM! & intakes 

p-value 
All health 

p-value 
All covs 

p-value 

2.431 2.407 2.832 
( 0 . 1 7 )  ( 0 . 1 7 )  ( 0 . 4 4 )  

2.223 
(1.08) 

88.763 
(35.94) 

- 5.860 
(2.37) 

1.437 3.921 
(0.29) (0.98) 

4.740 
(2.29) 

163.759 
(74.75) 

- 10.964 
(4.96) 

27.537 - 28.848 
(13.67) (29.73) 
- 2.049 2.301 

(1.06) (2.29) 

0.398 0.391 0.338 0.262 0.201 0.223 
(0.02) (0.02) (0.03) (0.07) (0.06) (0.08) 
0.830 0.803 0.709 0.636 0.484 0.515 
(0.03) (0.02) (0.05) (0.09) (0.08) (0.10) 
1.867 1.791 1.642 1.606 1.372 1.338 

(0.03) (0.03) (0.09) (0.12) (0.10) (0.13) 
0.337 0.140 0.041 0.222 0.215 0.104 

(0.12) (0.12) (0.13) (0.13) (0.14) (0.20) 

329.34 123.60 297.74 882.07 
(0.00) (0.00) (0.00) (0.00) 
27.98 19.61 17.85 6.17 
(0.00) (0.00) (0,00) (0,00) 

6019.83 5643.11 675,28 692,87 483.49 146.75 
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 

6.10 7.78 
(0.05) (0,02) 

21.59 9.68 
(0.00) (0.01) 

6.10 21.59 25.33 
(0.05) (0.00) (0.00) 

27.02 
(o.oo) 

202.47 196.64 140.57 183.71 108.54 
(0.00) (0.00) (0.00) (0.00) (0,00) 

64166.54 68825.11 65027.27 47622.54 61065.45 26345.47 
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 

BMI, calories, and protein and sectoral choice are treated as endogenous; identifying instruments 
are ten relative food prices, own nonlabor income, its square, nonlabor income of other members 
and its square. All regressions include controls for age, aggregate price index, region, and month 
of survey. Standard errors below coefficient estimates; p-values below test statistics. 
Variance-covariance matrix estimated by method of the bootstrap. Endogeneity is Dvrbin-Haus- 
man-Wu )~z; overidentification is GMM X 2. Sample selection hazard rate based on legit for all men; 
there are 10,675 males working in the market sector. 
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IV Regression Results: Others

Table 4 
Males and females: Self-employed and market sector workers 

Males, self-employed 

Hgt & BMI All health 
Covariates (I) (2} 

Females, market sector 

Hgt & BMI All health 
(I) (2) 

Females, self-employed 

In(height) 3.085 3.580 2.089 2.458 
(0.41) (1.50) (0.32) {0.67) 

In{body mass index) 4.943 5.177 1.292 - 0 . 4 1 2  
(1.52) (Z78) (0.78) { 1.44) 

In(per capita calories) 113.431 186.68 
{ 10 !.85) (75.11 ) 

- squared - 7.547 - 12.415 
(6.76J (4.94) 

In{per capita protein) - 10.910 - 54.237 
(40.51) (30.62) 

- squared 0.901 4.303 
(3.12) (2.37) 

Education 

(1) literate 0.520 0.400 0.~.7 0.368 
(0.07) J,0. ! 2} (0.05) (0.1 O) 

(1) elementary 0.958 0.759 0.976 0.801 
(0.09) C0.17) (0.05) (0.15) 

(I) secondary ~ 1.762 1.469 2.081 1.716 
(0.13) (0.21) (0.08) (0.26) 

Hazard rate - 0.496 - 0.532 0.155 - 0.177 
(0.18) (0.22) (0. I I) (0.19) 

Hgt & BM! 

2.003 
{1.49) 

0.516 
(3.43) 

O.409 
(0.20) 

0.774 
(0.17) 

1.720 
(o.31) 

1.1o9 
(0.80) 

All health 
(2) 

- 1,002 
{3.40) 

- 3.918 
(6.37) 

68.686 
(244.57) 

- 4.405 
(16.06) 

- 51.579 
(103.81) 

4.124 
(103.81) 

0.344 
(0.50) 

0.461 
(0.74) 

1.039 
(0.9O) 

1.023 
(1.17) 

-.,.I 
O0  

E 

e~ 

Z) 

".4 
" 4  

I 
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Summary of Thomas-Strauss Regression
Results

Elasticity of wage rate with respect to height or
BMI varies between 3-4 for males

For females, elasticity with respect to height is
approximately 2, BMI not significant

Based on IV regression, so interpret these as causal
effects (assuming the instruments are valid)
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Concerns/Questions

Are the instruments valid?
What does this mean for health policy: do there
exist health interventions which:

increase height and BMI
in a cost-effective manner?
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Experimental Evidence (Strauss-Thomas
JEL Survey, Section 5)

1972 Fenwick-Figerschon RCE with chemotherapy
treatment for sugarcane plantation workers in
Tanzania: significant impact on daily earnings
(based on sugarcane cut)

But similar experiment (Gateff et al 1971) in
Cameroon found no impact

No explanation available to explain these differences
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Experimental Evidence (Strauss-Thomas
JEL Survey, Section 5), contd.

Criticisms: experiments were small in scale, short
time-frame, relatively homogenous populations, so
were low-powered

Significant effects of 100% subsidy on Indonesian
health clinic user fees (Gertler-Molyneaux 1996) on
hours of work of men, esp. those less educated

In general, studies find more systematic and
significant effects on hours worked, than on
wages/productivity
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Deworming in Kenya: A Recent Policy
Experiment

Kremer and Miguel (2004) study an RCE involving
deworming interventions in 75 schools in Busia, W.
Kenya in 1998-2001, for 12-year-old kids in 4th
grade

Follow up study by Baird, Hicks, Kremer and Miguel
(WP2012), 2007-09, ten years later, examining
effects on education, wages, hours worked

Large sample (7500 children), long-term effects
(tracking rate 84%), spillovers to neighboring areas,
benefit-cost analysis of intervention
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Context: Worm Infections

Two kinds of worm infections:
geohelminths (hookworm, roundworm, whipworm)
schistosomiasis

Effects: anemia, stunting, lowered immune system
(helminths); liver/spleen enlargements, death (sch.)

Spread via: open defecation (helminths), across
waterways (sch.)
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Experiment Details

Schools randomly divided into three groups

Group 1: free deworming treatment, starting 1998

Group 2: free deworming treatment, starting 1999
(control 1998)

Group 2: free deworming treatment, starting 2001
(control 1998-2000)

2001 variation: half randomly chosen, required to
pay small price for drugs; 2002 onwards, returned to
free treatment: had large effects on takeup
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Baseline

46 

 

Table 1: Baseline (1998) summary statistics and PSDP randomization checks, and KLPS (2007-09) survey attrition patterns 

 

 

Panel A: Baseline summary statistics  

All 

mean 

(s.d.) 

Treatment 

mean 

(s.d.) 

Control 

mean 

(s.d.) 

Treatment 

– Control 

(s.e.) 

Kolmogorov-

Smirnov 

p-value 

Age (1998) 11.9 

(2.6) 

11.9 

(2.6) 

12.0 

(2.6) 

-0.04 

(0.11) 

0.106 

Grade (1998) 4.23 

(1.68) 

4.22 

(1.70) 

4.25 

(1.66) 

-0.03 

(0.05) 

0.162 

Female 0.470 0.469 0.473 -0.004 

(0.019) 

-- 

School average test score (1996) 0.029 

(0.427) 

0.024 

(0.436) 

0.038 

(0.406) 

-0.013 

(0.109) 

0.299 

Primary school located in Budalangi division 0.370 0.364 0.381 -0.017 

(0.137) 

-- 

Population of primary school 476 

(214) 

494 

(237) 

436 

(146) 

58 

(54) 

0.405 

Total treatment (Group 1, 2) primary school students within 6 km 3,180 

(917) 

3,085 

(845) 

3,381 

(1,022) 

-296 

(260) 

0.165 

Total primary school students within 6 km 4,709 

(1,337) 

4,698 

(1,220) 

4,732 

(1,555) 

-34 

(389) 

0.210 

Years of assigned deworming treatment, 1998-2003 3.31 

(1.82) 

4.09 

(1.52) 

1.68 

(1.23) 

2.41
*** 

(0.08) 

-- 

Panel B: Sample attrition, KLPS      

Found
a
 0.862 0.860 0.867 -0.007 

(0.017) 

-- 

Surveyed 0.825 0.824 0.827 -0.003 

(0.018) 

-- 

Not surveyed, dead 0.017 0.018 0.014 0.004 

(0.004) 

-- 

Not surveyed, refused 0.015 0.014 0.017 -0.003 

(0.005) 

-- 

Notes: The data in Panel A are from the PSDP, and includes all individuals surveyed in the KLPS2. There are 5,084 observations for all variables, except for Age 

where N=5,072. All variables in Panel A are 1998 values unless otherwise noted. Years of assigned deworming treatment is calculated using the treatment group 

of the respondent’s school and their grade, but is not adjusted for the treatment ineligibility of females over age 13 or assignment to cost-sharing in 2001. Those 

respondents who “age out” of primary school are no longer considered assigned to treatment. The average school test score is from the 1996 Busia District mock 

exam, and has been converted to units of normalized individual standard deviations. The sample used in Panel B includes all individuals surveyed, found 

deceased, refused participation, found but unable to survey, and not found but sought in intensive tracking during KLPS2, a total of 5,569 respondents (3,686 

treatment and 1,883 control). All observations are weighted to maintain initial population proportions. The “Treatment – Control” differences are derived from a 

linear regression of the outcome on a constant and the treatment indicator, but results are similar if we include further controls. Standard errors are clustered by 

school. Significant at 90% (*), 95% (**), 99% (***) confidence. The Kolmogorov-Smirnov p-values are only presented for the non-binary variables, where it is 

informative. 
a
 The proportion “Found” is the combination of pupils surveyed, found deceased, refused and found but unable to survey.  
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Impact on Health, Nutrition, School
Participation, 2004 results

47 

 

Table 2: Impacts on health, nutrition and education outcomes 

Dependent variable 

Panel A: Health and education outcomes during 1998-2001 

Control group 

variable mean 

(s.d.) 

Coefficient estimate 

(s.e.) on deworming 

treatment indicator 

Coefficient estimate (s.e.) 

on deworming treatment 

school pupils within 6 km 

(in ‘000s), demeaned 

Moderate-heavy worm infection (1999, 2001 parasitological surveys) 0.321 -0.245
***

 -0.075
***

 

 (0.467) (0.030) (0.026) 

Hemoglobin (Hb) level (1999, 2001 parasitological survey samples) 126.1 1.03 0.91 

 (14.7) (0.81) (0.96) 

Falls sick often (self-reported), 1999 0.154 -0.037
** 

0.001 

 (0.361) (0.015) (0.014) 

Total primary school participation, 1998-2001  2.51 0.127
***

 -0.115
*
 

 (1.12) (0.064) (0.060) 

Academic test score (normalized across all subjects), 1999 0.026 0.059 0.158 

 (1.000) (0.090) (0.101) 

Panel B: Health and nutrition outcomes, KLPS (2007-09)    

Self-reported health “very good” 0.673 0.041
**

 0.028 

 (0.469) (0.018) (0.022) 

Height (cm) 167.3 -0.12 -0.39 

 (8.0) (0.26) (0.33) 

Number of pregnancies  0.98 

(1.29) 

-0.093 

(0.066) 

-0.044 

(0.065) 

Miscarriage indicator (among females only) 0.039 

(0.194) 

-0.028
**

 

(0.013) 

-0.020
*
 

(0.010) 

Out-of-school sample:    

Number of pregnancies  1.29 

(1.34) 

-0.136
*
 

(0.082) 

-0.127 

(0.086) 

Miscarriage indicator (among females only) 0.039 

(0.194) 

-0.027
** 

(0.013) 

-0.018
* 

(0.010) 

Panel C: Education outcomes, KLPS (2007-09)    

Total years enrolled in school, 1998-2007  6.69 0.279
*
 0.138 

 (2.97) (0.147) (0.149) 

Grades of schooling attained 8.72 0.153 0.070 

 (2.21) (0.143) (0.146) 

Indicator for repetition of at least one grade (1998-2007) 0.672 0.060
***

 0.010 

 (0.470) (0.017) (0.023) 

Enrolled in school in year of 2007-09 survey 0.252 

(0.434) 

0.003 

(0.022) 

-0.045
*
 

(0.026) 

English vocabulary test score (normalized), 2007-09 0.000 0.076 0.067 

 (1.000) (0.055) (0.053) 

Passed primary school leaving exam during 1998-2007 0.505 0.048 0.032 

 (0.500) (0.031) (0.029) 

Out-of-school sample:    
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Impact on Education Outcomes, 2007-09
Survey, In-School sample
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Table 2: Impacts on health, nutrition and education outcomes 

Dependent variable 

Panel A: Health and education outcomes during 1998-2001 

Control group 

variable mean 

(s.d.) 

Coefficient estimate 

(s.e.) on deworming 

treatment indicator 

Coefficient estimate (s.e.) 

on deworming treatment 

school pupils within 6 km 

(in ‘000s), demeaned 

Moderate-heavy worm infection (1999, 2001 parasitological surveys) 0.321 -0.245
***

 -0.075
***

 

 (0.467) (0.030) (0.026) 

Hemoglobin (Hb) level (1999, 2001 parasitological survey samples) 126.1 1.03 0.91 

 (14.7) (0.81) (0.96) 

Falls sick often (self-reported), 1999 0.154 -0.037
** 

0.001 

 (0.361) (0.015) (0.014) 

Total primary school participation, 1998-2001  2.51 0.127
***

 -0.115
*
 

 (1.12) (0.064) (0.060) 

Academic test score (normalized across all subjects), 1999 0.026 0.059 0.158 

 (1.000) (0.090) (0.101) 

Panel B: Health and nutrition outcomes, KLPS (2007-09)    

Self-reported health “very good” 0.673 0.041
**

 0.028 

 (0.469) (0.018) (0.022) 

Height (cm) 167.3 -0.12 -0.39 

 (8.0) (0.26) (0.33) 

Number of pregnancies  0.98 

(1.29) 

-0.093 

(0.066) 

-0.044 

(0.065) 

Miscarriage indicator (among females only) 0.039 

(0.194) 

-0.028
**

 

(0.013) 

-0.020
*
 

(0.010) 

Out-of-school sample:    

Number of pregnancies  1.29 

(1.34) 

-0.136
*
 

(0.082) 

-0.127 

(0.086) 

Miscarriage indicator (among females only) 0.039 

(0.194) 

-0.027
** 

(0.013) 

-0.018
* 

(0.010) 

Panel C: Education outcomes, KLPS (2007-09)    

Total years enrolled in school, 1998-2007  6.69 0.279
*
 0.138 

 (2.97) (0.147) (0.149) 

Grades of schooling attained 8.72 0.153 0.070 

 (2.21) (0.143) (0.146) 

Indicator for repetition of at least one grade (1998-2007) 0.672 0.060
***

 0.010 

 (0.470) (0.017) (0.023) 

Enrolled in school in year of 2007-09 survey 0.252 

(0.434) 

0.003 

(0.022) 

-0.045
*
 

(0.026) 

English vocabulary test score (normalized), 2007-09 0.000 0.076 0.067 

 (1.000) (0.055) (0.053) 

Passed primary school leaving exam during 1998-2007 0.505 0.048 0.032 

 (0.500) (0.031) (0.029) 

Out-of-school sample:    
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Impact on Education Outcomes, 2007-09
Survey, Out-of-School sample
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English vocabulary test score (normalized), 2007-09 -0.232 0.107
** 

0.149
*** 

 (0.972) (0.052) (0.047) 

Passed primary school leaving exam during 1998-2007 0.413 0.061
*
 0.083

***
 

 (0.493) (0.032) (0.028) 

Notes: The sample size in Panel A is 2,720 for worm infection, 1,765 for Hb, 3,861 for health self-reports, and 5,057 for school participation, and 3,592 for test 

scores. Representative subsets of pupils in all schools were surveyed for these 1999 and 2001 pupil surveys. The sample in Panels B and C includes all 

individuals surveyed in KLPS-2, and the rows underneath “Out-of-school sample” further condition on not being enrolled in school in the year of survey. Self-

reported health “very good” takes on a value of one if the answer to the question “Would you describe your general health as somewhat good, very good, or not 

good?” is “very good”, and zero otherwise. Each row is from a separate OLS regression except the miscarriage indicator rows, which are marginal probit 

specifications (in which each observation is a pregnancy, N=3,238 in the full sample and N=3,199 in the out-of-school sample). All observations are weighted to 

maintain initial population proportions. Standard errors are clustered by school. Significant at 90% (*), 95% (**), 99% (***) confidence.  All regressions include 

controls for baseline 1998 primary school population, geographic zone of the school, survey wave and month of interview, a female indicator variable, baseline 

1998 school grade fixed effects, the average school test score on the 1996 Busia District mock exams, total primary school pupils within 6 km, and the cost-

sharing school indicator.  
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Impact on Labor Supply, 2007-09 Survey
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Table 3: Deworming impacts on labor supply (out-of-school sample) 

 

Dependent variable 

Panel A: Hours worked in last week  

Control group 

variable mean 

(s.d.) 

Coefficient 

estimate (s.e.) 

on deworming 

Treatment 

indicator 

Coefficient estimate 

(s.e.) on deworming 

Treatment pupils 

within 6 km (in 

‘000s), demeaned 

Obs. 

Full sample 15.2 

(21.9) 

1.76
*
 

(0.97) 

1.54 

(1.16) 
5,084 

Out-of-school sample 18.5 

(23.8) 

3.10
**

 

(1.21) 

1.71 

(1.44) 
3,873 

Indicator for hours worked > 0 

  

0.704 

(0.457) 

0.023 

(0.024) 

-0.027 

(0.030) 
3,873 

Hours worked within sector (conditional on hours>0) by individuals in:      

Wage employment, self-employment, agriculture 26.3 

(24.5) 

3.23
** 

(1.44) 

3.51
**

 

(1.58) 
2,853 

Traditional agriculture 9.8 

(9.1) 

1.10
* 

(0.66) 

-0.77 

(0.62) 
2,187 

Wage employment and/or self-employment 44.6 

(23.0) 

5.03
**

 

(2.19) 

7.40
***

 

(2.39) 
1,120 

Self-employment 38.2 

(24.0) 

6.7
**

 

(3.0) 

7.7
***

 

(2.9) 
528 

Wage employment 47.3 

(21.3) 

4.53
*
 

(2.67) 

5.06
**

 

(3.11) 
605 

Panel B: Hours worked in all sectors, by individuals with hours>0 in past week in:     

Traditional agriculture 18.4 

(19.5) 

1.31 

(1.33) 

2.98
** 

(1.45) 
2,187 

Wage and/or self-employment 47.7 

(22.4) 

4.69
** 

(2.13) 

7.00
***

 

(2.32) 
1,120 

Self-employment 44.9 

(24.7) 

6.90
**

 

(2.90) 

7.47
**

 

(2.96) 
528 

Wage employment 50.2 

(21.2) 

3.16 

(2.73) 

3.51 

(3.02) 
605 

Notes: Each row in Panels A and B is from a separate OLS regression. All observations are weighted to maintain initial population proportions. The sample is 

restricted to respondents who were not enrolled in school in the year of the survey, except for the first row of Panel A (which is run on the full sample of 

surveyed individuals). Standard errors are clustered by school. Significant at 90% (*), 95% (**), 99% (***) confidence. All regressions include controls for 

baseline 1998 primary school population, geographic zone of the school, survey wave and month of interview, a female indicator variable, baseline 1998 school 

grade fixed effects, the average school test score on the 1996 Busia District mock exams, total primary school pupils within 6 km, and the cost-sharing school 

indicator.  
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Impact on Wages and Earnings, 2007-09
Survey
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Table 5: Deworming impacts on wage and non-agricultural self-employment earnings  

Dependent variable 

Panel A: Wage earners, out-of-school subsample 

Control group 

variable mean 

(s.d.) 

Coefficient 

estimate (s.e.) on 

deworming 

Treatment indicator 

Coefficient estimate 

(s.e.) on deworming 

Treatment pupils 

within 6 km (in 

‘000s), demeaned 

Obs. 

Ln(Total labor earnings, past month) 7.84 

(0.84) 

0.301
***

 

(0.091) 

0.228 

(0.163) 

687 

Ln(Wage = Total labor earnings / hours, past month) 2.76 

(0.94) 

0.203
*
 

(0.111) 

0.027 

(0.155) 

605 

Panel B: Wage earners since 2007 subsample     

Ln(Total labor earnings, most recent month worked) 

 

7.88 

(0.91) 

0.211
***

 

(0.072) 

0.170 

(0.116) 

1,175 

Indicator for worked for wages (or in-kind) since 2007 

 

0.244 

(0.430) 

0.000 

(0.021) 

0.040 

(0.024) 

5,081 

Panel C: Self-employed (non-agriculture), out-of-school subsample     

Total self-employed profits (self-reported) past month  1,771 409 -53 570 

 (2,621) (313) (361)  

Total self-employed profits (self-reported) past month, top 5% trimmed 1,224 407
**

 198 539 

 (1,151) (176) (212)  

Total employees hired (excluding self), among the self-employed 0.189 0.641
*
 0.623 616 

 (0.625) (0.374) (0.530)  

Panel D: Wage earners or self-employed (non-agr.), out-of-school subsample      

Total earnings (wages, self-employed profits), past month (=0 for non-earners) 974 

(2,392) 

245
*
 

(136) 

46 

(186) 
3,847 

Total earnings (wages, self-employed profits), past month, top 5% trimmed profits 900 231
*
 51 3,816 

 (2,227) (130) (180)  

Panel E: Agriculture, out-of-school subsample     

Total value (KSh) of crop sales past year (if farm household) 578 126 -168 2,732 

 (2534) (198) (264)  

Uses “improved” agricultural practice (fertilizer, seed, irrigation) 0.295 0.047
*
 0.035 2,738 

 (0.456) (0.027) (0.028)  

Notes: The sample includes all individuals who were surveyed in KLPS2 who were not enrolled in school in the year of the survey. Panel A restricts to those who 

report positive earnings at the time of survey. Panel B instead restricts on reporting positive earnings since 2007. The three profit measures in panel C 

additionally restrict on having positive profits; this is not too restrictive as no one reports negative profits and only 5% of the sample report zero profits. 

“Agricultural work” in Panel E includes both farming and pastoral activities.  Ln(Wage) adjusts for the different reporting periods for earnings (month) and hours 

(week), and is missing for those with zero earnings. Each row is from a separate OLS regression. All observations are weighted to maintain initial population 

proportions. Standard errors are clustered by school. Significant at 90% (*), 95% (**), 99% (***) confidence. All regressions include controls for baseline 1998 

primary school population, geographic zone of the school, survey wave and month of interview, a female indicator variable, baseline 1998 school grade fixed 

effects, the average school test score on the 1996 Busia District mock exams, total primary school pupils within 6 km, and the cost-sharing school indicator. 

DM (BU) 320 Lect 16 Oct 30 2014 30 / 32



Benefit-Cost Analysis: Social Rate of
Return
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Table 7: Welfare and Rate of Return Analysis 

Panel A: Health investment model calibration results  No subsidy Partial Subsidy Full Subsidy 

Deworming Price Paid by Individuals (2.41 doses) $1.42 $0.72 $0.00 

Deworming Price Paid by Government (2.41 doses) $0.00 $0.70 $1.42 

Deworming Take-up Rate 0.05 0.19 0.75 

Cost (USD) per targeted pupil (Cost per treated * Take-up rate) $0.00 $0.13 $1.07 

Net externality benefit per targeted pupil,  in money-metric utility (USD)  $6.65 $25.29 $99.82 

    

Inefficiency of spending (   above which subsidy less desirable than no subsidy  14,032% 8,737% 

Inefficiency of spending ( ) above which full subsidy less desirable than partial subsidy  

 

12,028% 

Size of individual fixed treatment cost (  ) above which subsidy less desirable than no subsidy  $25.16 $98.76 

Size of individual fixed treatment cost (  ) above which full subsidy less desirable than partial subsidy  

 

$73.60 

Size of national fixed treatment cost (  ) above which subsidy less desirable than no subsidy 

     (with an estimated 8,000,000 school children)  $200,000,000 $790,000,000 

    

  above which subsidy less desirable than no subsidy, only consider tax revenue (17% tax rate)  795.17% 495.07% 

  above which full subsidy less desirable than partial subsidy, only consider tax revenue (17% tax rate)  

 

681.59% 

    

Panel B: Deworming as a human capital investment 

Total benefits 

(per pupil), USD 

Deworming cost and 

DWL (per pupil), USD 

Internal rate of 

return, per annum 

Total lifetime earnings (over 40 years), only current non-agricultural sample gains $1,001 $0.53 64.1% 

Total lifetime earnings (over 40 years), entire sample gains $2,961 $0.53 81.7% 

Notes: The take-up levels and deworming subsidies and prices are taken from Kremer and Miguel (2007). Data on number of school-age children comes from the 

US census, on enrollment rates from UNICEF, and on tax rates from the World Bank.
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Summary

Evidence that health interventions for children can
raise earnings, hours of work ten years later when
they work as adults

The interventions are cost-effective: would more
than pay for themselves many times over (from
social point of view)

Why don’t parents ensure their children take these
drugs?
Possible explanations:

poverty (significant effect of price on take-up)
ignorance of future benefits?
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