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Family planning programs are believed to have substantial long-term
benefits for women’s health and well-being, yet few studies have
established either extent or direction of long-term effects. The Matlab,
Bangladesh, maternal and child health/family planning (MCH/FP) pro-
gram afforded a 12-y period of well-documented differential access to
services. We evaluate its impacts on women’s lifetime fertility, adult
health, and economic outcomes 35 y after program initiation. We
followed 1,820 women who were of reproductive age during the dif-
ferential access period (born 1938–1973) from 1978 to 2012 using pro-
spectively collected data from the Matlab Health and Demographic
Surveillance System and the 1996 and 2012 Matlab Health and Socio-
economic Surveys.We estimated intent-to-treat single-differencemod-
els comparing treatment and comparison area women. MCH/FP
significantly increased contraceptive use, reduced completed fertility,
lengthened birth intervals, and reduced age at last birth, but had no
significant positive impacts on health or economic outcomes. Treat-
ment area women had modestly poorer overall health (+0.07 SD)
and respiratory health (+0.12 SD), and those born 1950–1961 had sig-
nificantly higher body mass index (BMI) in 1996 (0.76 kg/m2) and 2012
(0.57 kg/m2); fewer were underweight in 1996, but more were over-
weight or obese in 2012. Overall, there was a +2.5 kg/m2 secular in-
crease in BMI. We found substantial changes in lifetime contraceptive
and fertility behavior but no long-term health or economic benefits of
the program. We observed modest negative health impacts that likely
result from an accelerated nutritional transition among treated
women, a transition that would, in an earlier context, have been
beneficial.

family planning | long-term follow-up | health

The case for global scale-up of family planning programs rests,
in part, on the potential long-term benefits of family planning

programs for women’s health and economic empowerment (1, 2).
A counterpoint to this assumption suggests that smaller families
may actually have negative consequences for women in societies
where old-age support and women’s status are tied to childbearing
(3). Yet, few studies have established either the extent or direction
of long-term effects.
Much of our existing understanding of family planning program

effects comes from the Matlab maternal and child health/family
planning (MCH/FP) program (4–6). The program was imple-
mented by icddr,b (formerly known as the International Centre for
Diarrhoeal Disease Research, Bangladesh) starting in 1977 in the
rural Matlab area of Bangladesh. MCH/FP revolutionized the field
by using a home-based delivery model, integrating family planning
with mother-and-child health services, and collecting extensive data
that facilitate evaluation. MCH/FP yielded immediate and enduring

effects. While fertility levels were similar in treatment and com-
parison areas at baseline, the MCH/FP treatment area subsequently
experienced increased contraceptive use, reduced fertility (6–8), and
reductions in maternal and child mortality (9). By 1989, MCH/FP
services were scaled up to the rest of Bangladesh, including the
comparison area, creating a well-documented period of differential
treatment exposure from 1977 to 1989. Using the 1996 Matlab
Health and Socioeconomic Survey (MHSS1), Barham (5) assessed
the medium-term effects of MCH/FP on beneficiary children in a
representative sample of Matlab. Joshi and Schultz (4) found that
adult women living in the treatment area compared to comparison
area villages had a body mass index (BMI) more than 1 kg/m2

higher and concomitant reductions in the proportion with BMI
of <18 kg/m2. They found no differences in self-rated health or self-
reported activities of daily living (ADLs); however, the targeted
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grams and long-term benefits for women’s health and economic
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lifetime contraceptive behavior and completed fertility among
women born 1938−1973. We found few effects on later health or
economic outcomes except for an association of MCH/FP with
poorer overall health and poorer metabolic health among
women born 1950−1961.

Author contributions: T.B., A.D.F., W.C.J., R.K., J.M., A.R., and E.D.R. designed research;
T.B., J.D.H., W.C.J., G.K., R.K., J.M., A.R., E.D.R., and P.S.T. performed research; T.B., B.C.,
J.D.H., G.K., R.K., J.M., E.D.R., and P.S.T. analyzed data; and T.B., B.C., A.D.F., G.K., R.K.,
J.M., A.R., E.D.R., and P.S.T. wrote the paper.

Reviewers: E.F., The University of North Carolina at Chapel Hill; and D.A.L., University of
Michigan–Ann Arbor.

The authors declare no competing interest.

Published under the PNAS license.

See online for related content such as Commentaries.
1To whom correspondence may be addressed. Email: kuhn@ucla.edu or menken@
colorado.edu.

This article contains supporting information online at https://www.pnas.org/lookup/suppl/
doi:10.1073/pnas.2101160118/-/DCSupplemental.

Published July 6, 2021.

PNAS 2021 Vol. 118 No. 28 e2101160118 https://doi.org/10.1073/pnas.2101160118 | 1 of 6

SO
CI
A
L
SC

IE
N
CE

S
EC

O
N
O
M
IC

SC
IE
N
CE

S

https://orcid.org/0000-0002-7889-2200
https://orcid.org/0000-0001-8966-6631
https://orcid.org/0000-0002-0406-7558
https://orcid.org/0000-0003-2192-5988
https://orcid.org/0000-0001-5664-6933
https://orcid.org/0000-0002-0008-0325
https://orcid.org/0000-0002-9566-4031
https://orcid.org/0000-0003-4567-4757
http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.2101160118&domain=pdf
https://www.pnas.org/site/aboutpnas/licenses.xhtml
https://doi.org/10.1073/pnas.2101160118
mailto:kuhn@ucla.edu
mailto:menken@colorado.edu
mailto:menken@colorado.edu
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2101160118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2101160118/-/DCSupplemental
https://doi.org/10.1073/pnas.2101160118
https://doi.org/10.1073/pnas.2101160118


women were still relatively young in 1996, and these measures of
health typically show variation later in life.
Relatively few other studies have demonstrated long-term ef-

fects of family planning programs, in part due to the difficulties
of longitudinal follow-up, biased self-selection into treatment,
and the lack of appropriate comparison groups. Family planning
may affect long-term well-being through a multiplicity of medi-
ating pathways, including via effects on age at first birth, spacing
between births, age at last birth, and completed fertility (2).
Canning and Schultz (1) recently highlighted similar pathways of
later benefit of family planning as potentially freeing up re-
sources and women’s time. Miller (10) showed that early access
to family planning in Colombia led to delayed fertility, higher
schooling, and greater labor force participation. Yet, to our
knowledge, only Matlab offers the potential to apply a pro-
spective intervention design to look at long-term health effects.
This study examined the consequences of the Matlab MCH/FP

on women’s lifetime fertility, adult health, and economic outcomes
using the second Matlab Health and Socioeconomic Survey
(MHSS2), conducted in 2012, ∼35 y after initial rollout of services.
We focused on women who were of reproductive age during the
period of differential treatment exposure—those born 1938–1973
(aged 40 y to 75 y in 2012). We measured impacts on three do-
mains of health—metabolic, functional, and respiratory health—
using a mix of directly observed physical tests (i.e., anthropometry,
blood pressure, and grip strength) and indirectly diagnosed mor-
bidity. The rich integrated database of the icddr,b Matlab Health
and Demographic Surveillance System (HDSS) combined with
MHSS1 and MHSS2 allowed us to address causal considerations
related to assignment of intent-to-treat (ITT) status before pro-
gram introduction, to selective attrition, and to potential con-
founders. We also examined take-up of modern contraception as
well as underlying mechanisms related to later health, including
family size, birth spacing, and BMI. In addition, we measured the
effect of the program on economic outcomes such as consumption,
savings, and employment.

Results
Study Design. The MCH/FP program was initiated in Matlab, a
rural area of Bangladesh, in 1977 by icddr,b. Treatment and com-
parison areas were built into program design (11) and covered
about 200,000 people in 149 villages, with the population split fairly
evenly between the two areas (SI Appendix, section 1). The program
was placed into geographically contiguous treatment and compari-
son areas (SI Appendix, Fig. S1). This block design was intended to
reduce potential contamination of spillover into comparison groups
that would occur in a randomized trial (12). Comparison villages
were viewed as socially and economically similar (13). Blocks were
chosen to balance average distance to transport and health infra-
structure. We thus refer to the placement of this intervention as
quasi-random and draw further support for our identification
strategy from preprogram similarities between treatment and
comparison areas (see SI Appendix, section 2). Family planning
services began in October 1977, with mother-and-child health ser-
vices phased in beginning in 1982. By 1989, MCH/FP services were
scaled up to the rest of Bangladesh, including the comparison area,
creating a well-documented period of differential treatment expo-
sure from 1977 to 1989. Our analysis focused on all women born
1938–1973 and on three birth cohorts (1938−1949, 1950−1961, and
1962−1973) chosen by their age at first exposure to MCH/FP. In
1977, these cohorts were aged 28 y to 39 y, 16 y to 27 y, and 4 y to 15
y, respectively, so are considered as representing later, peak, and
prereproductive life at the start of the program.

Data and Sample. Analysis used the extraordinarily rich data
available for the Matlab study area and included three main data
sources. First, we used the Matlab HDSS to identify our study

population. This unique longitudinal demographic registration
system recorded, within a short time of their occurrence, all births,
deaths, marriages, and migrations, beginning in June 1974 and
continuing to today. HDSS included censuses in 1974 and 1982
that provided evidence of preprogram similarities and differences
between treatment and comparison areas. It also allowed us to
identify women present in the study area at program rollout in
October 1977. To reduce potential bias due to selective in-
migration into treatment versus comparison areas and to avoid
issues related to endogeneity, we use location prior to rollout to
assign treatment status. The full inclusion table (SI Appendix, Fig.
S2) shows that 59,189 women born 1938–1973 met these criteria.
Second, MHSS1, conducted in 1996, included a 7% sample of

Matlab HDSS households. At the time of MHSS1, 32,869 eli-
gible women (55.5%) remained in the HDSS area, with exits
largely due to migration of women at marriage. MHSS1 surveyed
2,104 eligible women. Using HDSS data, we tested for differ-
ences between treatment and comparison areas in mortality or in
exit from the HDSS between October 1977 and start of MHSS1
in April 1996 and in probability of selection into MHSS1, and
none were statistically significant.
Finally, the principal data source was MHSS2, a panel follow-

up of all individuals surveyed in MHSS1. The sample was tracked
in HDSS through December 2014, with subsequent intensive in-
person follow-up and migrant tracking, which enabled detailed
documentation of mortality timing and yielded very low attrition
rates. Of 2,104 eligible MHSS1 respondents, 1,820 completed
MHSS2 interviews (86.5% of all MHSS1 respondents, 94.8% of
surviving MHSS1 respondents). The combined MHSS1/MHSS2
analysis file is available for download. There were no significant
treatment−comparison differences in mortality for 1996–2012
for any cohort (SI Appendix, Table S2).

Measures.
Fertility outcomes. Measures of completed family size, age at first
birth, birth spacing, age at last birth, and contraceptive use were
included to analyze lifetime programmatic impacts on fertility and
on key pathways of effects on fertility and to test their roles as
potential mechanisms explaining health impacts. Timing of first
birth and last birth, average birth interval, children ever born, and
surviving children were constructed from MHSS2 pregnancy his-
tories. These histories were initially prepopulated with prospec-
tively observed data from HDSS, augmented with births occurring
outside Matlab recorded in MHSS2, and cross-checked against
births reported in MHSS1. Ever use of any modern contraception,
injectable contraceptive, intrauterine device (IUD), oral contra-
ceptive pill, and sterilization were constructed from contraceptive
life histories in MHSS1 and MHSS2.
Health and economic outcomes. We constructed normalized indices
for three domains—metabolic health, functional health, and re-
spiratory health—and summed them to provide an index of overall
health status. Higher values of each index indicate poorer health.
In addition to analyzing each index, we conducted analyses of its
component variables. We also considered measures that were
available in both MHSS1 and MHSS2, including BMI and over-
weight and underweight status, to connect our findings to earlier
MHSS1 results and to better understand MHSS2 findings. Eco-
nomic outcomes include household consumption, women’s indi-
vidual earnings, employment status, and savings. Construction of
health measures is described in Materials and Methods, with detail
on all variables in SI Appendix, sections 4 and 7.
Independent variables. Treatment status is an ITT indicator based
on respondent’s area of residence (treatment or comparison) prior
to rollout. We used demographic and socioeconomic measures
from the 1974 and 1982 censuses to establish baseline balance and
to serve as control variables. Details on key variable construction
are provided in SI Appendix, section 4.
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Estimation Strategy. We estimated ITT effects of the MCH-FP
program on outcomes in MHSS2 for women who were of repro-
ductive age during the first decade of the program. We estimated
single-difference models on all women and on the three birth co-
horts chosen by age at first exposure to MCH/FP. We used ordi-
nary least squares regression, with SEs clustered at the preprogram
village level to account for the likely intracluster correlation in the
error terms. All models controlled for baseline characteristics, most
of which were balanced in 1974 but are included to account for
possible preprogram sociodemographic and exposure differentials,
as described in SI Appendix, Table S1. Tubewell access was not
balanced at baseline; we therefore also controlled for tubewell
arsenic level using icddr,b 2003 measures to further account for the
confounding effects of widespread arsenic contamination (14, 15)
All models were adjusted for attrition between October 1977 and
MHSS2 using inverse probability weights estimated using baseline
variables, birth year, river embankment, flood risk, and treatment
status (SI Appendix, section 9). To check robustness of our results,
we tested models that accounted for additional key confounders,
that varied the cohort groupings, and that used alternate weighting
schemes, as described in Materials and Methods.

Effects on Fertility and Contraceptive Use. We begin by describing
ITT effects of the MCH/FP program on key measures of lifetime
fertility and contraceptive uptake. Table 1 presents treatment and
comparison area means for the three cohorts separately, regression-
adjusted differences in means, and CIs for the adjusted difference.
We found both significant treatment−comparison differences and a
downward cohort trend in measures of family size. Adjusted for
covariates, women in MCH/FP treatment area versus comparison
area had 0.52 fewer births in the oldest cohort (unadjusted mean
T = 6.66, C = 7.20, 95% CI for adjusted difference −0.94 to −0.10,
P < 0.05), 0.67 fewer births in the middle cohort (unadjusted mean
T = 4.95, C = 5.72, 95% CI −0.98 to −0.35, P < 0.01), and 0.50
fewer in the youngest cohort (unadjusted mean T = 3.51, C = 4.30,
95% CI −0.81 to −0.20, P < 0.01). Differences between children
born and children surviving were considerably smaller for the
youngest two cohorts, due to successful child mortality interventions
introduced first in the treatment area.
The effects of the program on birth spacing evolved over time.

We observed no significant area differences in age at first birth, but
the youngest cohort began childbearing later. Age at last birth de-
clined across cohorts, and women in the treatment area ceased
childbearing at significantly younger ages in both the 1938–1949
cohort (T = 34.61, C = 36.02, adjusted diff = −1.42, 95% CI −2.35
to −0.48, P < 0.01) and the 1950–1961 cohort (T = 31.63, C = 32.88,
adjusted diff = −1.00, 95% CI −1.95 to −0.04, P < 0.05). Treatment
area women had significantly longer average birth intervals in the
1950–1961 cohort (T = 3.32, C = 3.02, adjusted diff = 0.30, 95% CI
0.14 to 0.47, P < 0.01) and the 1962–1973 cohort (T = 4.44, C =
3.56, adjusted diff = 0.81, 95% CI 0.49 to 1.13, P < 0.01), but not in
the oldest cohort.
Table 1 also captures the large increase in contraceptive use

over time and the substantial early impact of the program on use,
with a cohort pattern of emerging treatment area advantage
followed by narrowing differences as family planning arrived in
the comparison area.

Effects on Later-Life Health. Fig. 1 summarizes MCH/FP treatment
effects from regression models for the four health indices for all
women and for the three cohorts. Poorer health is indicated by
positive effects. Looking first at all ages combined, overall health
was significantly poorer in the treatment area by +0.07 SDs
(95% CI 0.016 to 0.136, P < 0.05), which was driven by a +0.12
SD difference in the respiratory domain (95% CI 0.010 to 0.226,
P < 0.05) and a +0.05 SD difference in the metabolic domain
(95% CI −0.017 to 0.122, P = 0.138). When we examined each

birth cohort separately, a modest pattern of poorer health among
the treated emerged for the middle cohort. In this cohort, born
1950–1961, there was a +0.11 SD (95% CI 0.013 to 0.201, P <
0.05) difference in the overall health domain and a +0.15 SD
difference (95% CI 0.048 to 0.255, P < 0.01) in the metabolic
domain. The effects are unpacked within each domain in SI
Appendix, section 5; they show a consistent pattern of treatment
area disadvantage in the middle cohort across multiple metabolic
disease outcomes (angina, diabetes, etc.).
To understand the unfolding of metabolic consequences of

MCH/FP over time, Table 2 presents effects of MCH/FP on BMI
and underweight (<18.5 kg/m2), overweight/obese (Asian
standard, >23 kg/m2), and obese (Asian standard, >27.5 kg/m2)
indicators across survey round and across cohort. In MHSS1, each
cohort/treatment group had a mean BMI of 19.6 kg/m2 or under
and 41–66% were underweight after adjusting for baseline cova-
riates. Treatment area BMI was significantly higher only in the
middle age cohort (0.76 kg/m2, 95% CI 0.29 to 1.22, P < 0.01). This
weight gain was associated with nine percentage points lower un-
derweight status (95% CI −0.17 to 0.00, P < 0.10) and six per-
centage points higher overweight status (95% CI 0.01 to 0.10, P <
0.05). In the oldest cohort, treatment area women were 13 per-
centage points lower in underweight status (95% CI −0.22
to −0.03, P < 0.01). No other weight differences were significant.
Table 2 also presents 2012 MHSS2 results. Average BMI had

increased to a range of 20.3 kg/m2 to 22.5 kg/m2 across the three
cohorts, and underweight was reduced by nearly half or more, to
15 to 33%. Overweight had emerged for all women, increasing
from a range of 2 to 12% in MHSS1 to a range of 23 to 43% in
MHSS2. For the 1950–1961 cohort, the MCH/FP effect on BMI
was positive but only borderline significant (0.57 kg/m2, 95%
CI −0.04 to 1.18, P < 0.10) and the distributional effects of that
weight gain had shifted. Treatment area women were seven per-
centage points more likely to be overweight/obese (95% CI 0.00 to
0.15, P < 0.10). While marginally significant, the increase in over-
weight/obese was nonetheless one component of the significant
difference in metabolic index shown in Fig. 1. Effects of MCH/FP
on underweight, overweight/obese, and obese were not significant
for other groups. We analyzed the mediating factors explaining
associations between MCH/FP and later health outcomes (SI Ap-
pendix, section 6), and found that controlling for BMI in 1996
explained about one-third of the total metabolic effect.
Finally, we analyzed associations between MCH/FP exposure and

economic outcomes at both MHSS1 and MHSS2. After adjusting
for covariates, we found few significant effects of MCH/FP on
consumption, employment, earnings, or assets for the combined
group or for the individual cohorts (SI Appendix, section 7).

Discussion
This study explored the effects, up to 35 y later, of the highly in-
fluential Matlab MCH/FP program onmultiple dimensions of health
and economic well-being among women who were childbearing age
at or within 10 y of the program’s inception in 1977. The program
accomplished its primary objective of enabling improved fertility
control: We confirm earlier observed highly significant differences in
completed fertility and lifetime contraceptive behavior overall and
when dividing the population into three cohorts born 1938–1949,
1950–1961, and 1962–1973. A related study showed that the pro-
gram was associated with increased human capital and skilled em-
ployment among children born during the program period (16, 17).
Yet, surprisingly, we found few long-term program effects on
women’s health or economic outcomes, with the exception of a
consistent and significant association with poorer metabolic and
functional health among women born 1950–1961. We discuss failure
to detect benefits separately from negative impact.
The limited long-term benefit of the program may reflect the

fact that the Matlab program primarily aimed to avert higher-
order births among current mothers in a population with early
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onset of childbearing. The intervention may have been too late in
the reproductive life course for these women. The few existing
studies observing long-term nonfertility benefits of family plan-
ning were focused on interventions to delay the onset of child-
bearing and prevent later unplanned pregnancies. None of the

cohorts in this study experienced differentials in the onset of
childbearing, although there was a secular change toward
delayed childbearing in the youngest cohort born 1962–1973.
This cohort did have significantly longer birth intervals in the
treatment area, however, and still did not experience differential
long-term health effects.
The finding of modestly significant negative health conse-

quences among women reaching peak childbearing age during the
program was surprising. These negative health consequences can
perhaps be understood as the persistence of the BMI effects of
MCH/FP (4) under a rapidly shifting nutritional transition. This
transition, which could not have been anticipated in 1977, became
a growing cause of concern through much of South Asia over the
course of the study period. In 1996, mean BMI for women in the
treatment area was 19.6 kg/m2 versus 18.7 kg/m2 in the comparison
area. As a result, a large percentage of women in the two oldest
cohorts were lifted out of underweight status (Table 2). The nu-
tritional transition is illustrated in Fig. 2, which tracks the BMI
distribution in our middle cohort at two time points. In the ap-
proximately 16 y between MHSS1 and MHSS2, there was a
massive increase in mean BMI of over 2.5 kg/m2 in both treatment
and comparison areas. Mean BMI at the later timepoint was
22.2 kg/m2 in the treatment area compared to 21.4 kg/m2 in the
comparison area. The treatment-comparison difference seen in
MHSS1 remained in MHSS2, although smaller. The BMI distri-
bution in MHSS1 was highly kurtotic with little variation; in
MHSS2 it both shifted right and showed dramatically increased
dispersion. As a result, a BMI effect that had once served to re-
duce underweight (in MHSS1) was associated with increased

Table 1. Program effects on fertility and contraceptive behavior: Differences between treatment and comparison area means by
birth cohort

1938–1949 1950–1961 1962–1973

Mean Adjusted diff Mean Adjusted diff Mean Adjusted diff

C T T-C N C T T-C N C T T-C N

Family size
Children born 7.20 6.66 −0.52* 552 5.72 4.95 −0.67** 697 4.30 3.51 −0.50** 570

[−0.94, −0.10] [−0.98, −0.35] [−0.81, −0.20]
Surviving children 5.41 5.24 −0.24 552 4.73 4.22 −0.40** 697 3.71 3.15 −0.36** 570

[−0.55, 0.06] [−0.66, −0.14] [−0.63, −0.09]
Birth spacing

Age at first child 18.39 18.77 0.23 543 18.81 18.73 −0.09 685 20.86 21.55 0.37 559
[−0.43, 0.89] [−0.53, 0.35] [−0.34, 1.07]

Age at last child 36.02 34.61 −1.42** 543 32.88 31.63 −1.00* 685 32.25 31.85 −0.08 559
[−2.35, −0.48] [−1.95, −0.04] [−1.01, 0.86]

Average birth interval 2.99 2.94 −0.02 537 3.02 3.32 0.30** 676 3.56 4.44 0.81** 542
[−0.24, 0.20] [0.14, 0.47] [0.49, 1.13]

Ever use of modern contraception
Any 0.15 0.48 0.31** 552 0.57 0.83 0.26** 698 0.58 0.77 0.19** 570

[0.23, 0.40] [0.19, 0.33] [0.11, 0.28]
Injection 0.03 0.32 0.28** 552 0.22 0.70 0.48** 698 0.47 0.73 0.26** 570

[0.21, 0.35] [0.41, 0.54] [0.19, 0.34]
IUD 0.01 0.05 0.04+ 552 0.07 0.16 0.08* 698 0.05 0.10 0.04* 570

[−0.00, 0.08] [0.02, 0.14] [0.00, 0.09]
Pill 0.11 0.21 0.07* 552 0.43 0.55 0.13** 698 0.76 0.75 0.02 570

[0.00, 0.14] [0.04, 0.21] [−0.07, 0.10]
Sterilization 0.08 0.17 0.06* 552 0.21 0.15 −0.06* 698 0.16 0.12 −0.05 570

[0.00, 0.13] [−0.12, −0.01] [−0.11, 0.01]

C, comparison group mean; T, treatment group mean. Unadjusted means in bold differ between areas at P < 0.05. Adjusted diff denotes model-adjusted
difference between treatment and comparison areas, adjusted for religion, 1974 baseline characteristics (own age, household head’s education, household
head’s spouse’s education, bari size, family size, dummies for household head’s occupation type [agriculture, fishing, business], dummies for household
characteristics [tin walls, tin roof, latrine, tubewell water, tank water, number of rooms per capita], assets [number of boats, number of cows, household owns
a lamp, owns a watch, owns a radio]) and land sized owned in 1982, and categorical controls for 2003 arsenic exposure at 50 ppb to 99 ppb, 100 ppb to 149
ppb, 150 ppb to 399 ppb, and >400 ppb; n, number of observations in group. +P < 0.10; *P < 0.05; **P < 0.01.

Fig. 1. Program effects on health domains: Differences between treatment
and comparison area means for all women born 1938–1973 and by birth
cohort. +P < 0.10, *P < 0.05, **P < 0.01. Error bars represent 95% confidence
intervals.
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overweight (in MHSS2). It was accompanied by a small excess in
metabolic risk and self-reported angina in MHSS2.
The lack of economic differentials is also somewhat surprising.

An earlier study based on MHSS1 data found that wages for
employed women were higher in 1996 among women who lived in
the treatment area, but rates of employment were lower (18). Our
analysis is based on the ITT design described above and uses total
earnings across all economic activities. We find no effects on
economic outcomes, as shown in SI Appendix, section 7. Other
MHSS1/MHSS2 studies of men in these cohorts also find no sig-
nificant effects on their employment and earnings (17). This does
not mean we can fully rule out past economic differentials. The
16-y gap between study rounds means that economic effects with
persistent consequences, including for BMI, could have peaked
and fallen before 1996 or between study rounds.
At the same time, it is possible that the BMI effects resulted

from other pathways such as access to health services that treated

infections and diarrheal diseases, thus reducing associated weight
loss. Also possible are direct metabolic effects of injectable con-
traceptive products (19) or effects of changes in women’s time use
and activities due to changing family composition.
This study had other limitations. First, assignment to MCH/FP

was block level instead of randomized, in order to avoid contam-
ination effects. Although the study areas were shown to be highly
similar at baseline and we controlled for a number of historic
confounders, it remains possible that some unobserved factor
suppressed long-term effects in the treatment area. Second, the use
of a wedge design in which services were extended to the com-
parison area after roughly a dozen years eliminates the possibility
of a fully untreated comparison group, although this limitation
would exist in any long-term study of family planning, given the
importance of these interventions and the long duration of wom-
en’s reproductive years. Third, the study did not include biomarker-
based measures of cardiovascular disease or diabetes. Finally, since
the nutritional transition was universal in this population, we
cannot possibly know how this evaluation would have played out in
the absence of such change.
Nevertheless, our findings from a long-term quasi-random in-

tervention should lead us to be cautious when anticipating long-
term benefits of family planning programs, and to be prepared
both for large-scale societal changes such as nutritional transition
to swamp potential long-term benefits or even have negative un-
intended consequences. Family planning programs are a universal
good unto themselves because they avert unwanted pregnancies,
reduce maternal mortality, and accord reproductive freedom. Yet
the institutional, cultural, and epidemiological impediments to
long-term indirect effects are quite profound, and childbearing
also accords benefits to women in many societies. Even where the
MCH/FP program yielded benefits in the form of increased BMI
and reduced underweight, it may also have hastened the arrival of
metabolic risk.
Since these interventions were introduced more than 40 y ago,

it would be easy to question their external validity to the modern
family planning landscape. Yet a good share of today’s global
family planning agenda looks remarkably similar to the Matlab
MCH/FP program. While many programs target adolescents
with a broad range of sexual health and livelihood options, the

Table 2. Program effects on BMI and weight: Differences between treatment and comparison area means by birth cohort

1938–1949 1950–1961 1962–1973

Mean Adjusted diff Mean Adjusted diff Mean Adjusted diff

C T T-C N C T T-C N C T T-C N

MHSS1
BMI 18.17 18.88 0.45 472 18.66 19.63 0.76** 618 18.82 19.04 0.13 492

[−0.23, 1.13] [0.29, 1.22] [−0.31, 0.58]
Underweight 0.66 0.52 −0.13** 472 0.53 0.41 −0.09+ 617 0.45 0.42 −0.04 490

[−0.22, −0.03] [−0.17, 0.00] [−0.14, 0.06]
Overweight or obese 0.06 0.08 −0.01 472 0.04 0.12 0.06* 617 0.02 0.05 0.02 490

[−0.06, 0.04] [0.01, 0.10] [−0.02, 0.05]
Obese 0.01 0.01 0.00 472 0.01 0.02 0.01 617 0.00 0.01 0.00 490

[−0.03, 0.03] [−0.01, 0.03] [−0.02, 0.02]
MHSS2
BMI 20.27 20.84 0.27 524 21.41 22.22 0.57+ 679 21.97 22.50 0.28 547

[−0.43, 0.97] [−0.04, 1.18] [−0.38, 0.94]
Underweight 0.33 0.29 −0.03 524 0.23 0.19 −0.03 679 0.19 0.15 −0.04 547

[−0.12, 0.05] [−0.10, 0.04] [−0.11, 0.02]
Overweight or obese 0.23 0.26 0.01 524 0.32 0.42 0.07+ 679 0.34 0.43 0.04 547

[−0.07, 0.09] [−0.00, 0.15] [−0.05, 0.13]
Obese 0.03 0.05 0.00 524 0.07 0.10 0.01 679 0.10 0.10 −0.01 547

[−0.03, 0.04] [−0.03, 0.06] [−0.06, 0.05]

See Table 1 legend. MHSS1 entries report MHSS1 outcomes of those who responded to MHSS2.

A B

Fig. 2. Means (A) and distributions (B) for BMI of 1950–1961 MHSS2 cohort
at MHSS1 and MHSS2. Error bars represent 95% confidence intervals.
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primary focus still rests with large-scale interventions targeting
married women with services aimed at fertility stopping behavior.
While this approach may be necessary and strategic, our findings
suggest that we should not place unreasonably high expectations
on programs focused on stopping behavior. The primary goals of
such narrowly focused programs are to reduce family size and
reduce short-term exposure to excess maternal mortality risk, and
that may be all we can or should expect. Family planning programs
may be more likely to achieve additional long-term benefits if they
are embedded in a system directly focused on women’s life course
health and well-being.

Materials and Methods
Measurement. The three health indices included the following items derived
from MHSS2: metabolic—indicators for angina and stroke (based on self-
reported symptoms), overweight or obesity (based on the Asian standard,
BMI ≥ 23.0 kg/m2 measured using scale and Shorr board) and stage 1 and
stage 2 hypertension (based on standard blood pressure cutoffs) (20);
functional—indicators for self-reported problems with ADLs and poor health
status and measures using objective physical functioning tests and dyna-
mometers for poor physical capability score (<13), adult daily living mobility
score (0 to 18), and maximum dominant hand grip strength (kilograms); and
respiratory—indicators for chronic lung disease and asthma (based on self-
reported symptoms).

We constructed each index by standardizing each component variable
using the comparison groupmean and SD.We then took the arithmetic mean
of the standardized component values. The sign of a component variable was
switched as necessary so that higher values represent worse health outcomes.
Additional information on themeasures, including cutoffs or thresholds used
to construct the components, is provided in SI Appendix, section 4.

Robustness Checks. We also accounted for several other important and well-
documented changes that occurred in Matlab over the 35-y period since
program inception that could confound results, including the introduction of a
microcredit experiment in half of the treatment and comparison areas (21, 22),
construction of a river embankment that altered cropping patterns and flood
risks in protected areas (23), and the gradual urbanization of villages near
Matlab town. These factors had no substantial impact on results and so were
not included in final models. We also examined models with no 1974 controls
and models with controls for women’s migration behavior; results were similar

to our included models. Details on the confounders we considered and the
results of these models are in SI Appendix, section 8.

To check the robustness of estimates, we also testedmodels using different
cohort groupings (see SI Appendix, section 8). As noted above, exposure to
MCH/FP treatment was assigned based on village of residence in 1974, prior
to program implementation. To replicate earlier work (4), we also estimated
models that assigned treatment based on area of residence in 1996 or 2012,
and these results did not differ substantially. We also estimated models that
removed the attrition weights. Additional detail on weight construction and
the results of this robustness check are provided in SI Appendix, section 9,
showing that results were similar with no weighting.

Data Availability. The analysis file for this study is available for download and
reanalysis at openICPSR (https://www.openicpsr.org/openicpsr/project/
143101/version/V1/view) (24).
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