
Ann. N.Y. Acad. Sci. ISSN 0077-8923

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES
Special Issue:Adolescent Nutrition
ORIGINAL ARTICLE

Transitions to adulthood and the changing body mass
index of adolescent girls in Zambia

Erica Soler-Hampejsek,1 Paul C. Hewett,2 Kathryn Spielman,2 and Karen Austrian3
1Independent Consultant, Barcelona, Spain. 2Population Council, Washington, DC. 3Population Council, Nairobi, Kenya

Address for correspondence: Paul C. Hewett, Population Council, 4301 Connecticut Ave NW # 280, Washington, DC 20008.
phewett@popcouncil.org

Adolescent girls in low- andmiddle-income countries often experience several important life transitions, including
school-leaving, marriage, and childbearing. Understanding how these transitions are associated with changes in
the nutritional status of adolescent girls and young women (AGYW) is crucial for programs that aim to improve
nutritional outcomes among youth and promote healthy transitions to adulthood. We investigated the associations
between adolescent transitions and body mass index (BMI) among a cohort of 4887 adolescent girls in Zambia
aged 10–19 years when first interviewed in 2013. Estimating fixed-effects models controlling for constant and time-
varying confounders, we found that school-leaving, marital status, and childbearing are associated with the nutri-
tional status of AGYW in diverse ways. School-leaving was associated with higher BMI and increased odds of over-
weight/obesity. Marriage was not only associated with increased odds of undernutrition, particularly in rural areas,
but also with increased odds of overweight/obesity among older girls. Motherhood was associated with lower BMI
and lower odds of overweight/obesity, particularly among breastfeeding mothers. Our results provide evidence of
characteristics of AGYW that would be useful for targeted nutritional interventions and behavior change program-
ming, including girls leaving school, recently married, and young women undergoing a marital separation, as well
as young mothers and their children.
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Introduction

Adolescence is a critical transitional period in the
lives of young girls in terms of their physical, cog-
nitive, and emotional development. In low- and
middle-income countries, adolescence is also a
period when young girls may begin childbearing.
Nutrition is increasingly recognized as a critical
ingredient to maternal and child health, and child
growth and cognitive development. Undernutrition
is associated with higher risk of adverse pregnancy
outcomes, including preterm birth and low birth
weight, as well as increased mortality risk during
childbirth.1–3 Undernutrition can also have a direct
impact on the immune function of adolescents and
increase their susceptibility to infectious diseases.4,5
Despite progress in recent decades, undernutrition
has persisted in sub-Saharan African countries, at
the same time that the region has been experienc-

ing a rise in the prevalence of overweight and obe-
sity, which have lifetime consequences.6–8

Understanding how major life transitions
(school-leaving, marriage, and childbearing)
change the nutritional status of adolescent girls and
young women (AGYW) is crucial for programs and
policies that aim to improve nutritional outcomes
and promote healthy transitions to adulthood. The
objective of this paper is to fill evidence gaps needed
to improve nutritional outcomes among adoles-
cents. To do so, this paper will address the following
research questions: (1) Are school-leaving and
marriage associated with higher body mass index
(BMI) and higher likelihood of being overweight
and obese? (2) Is childbearing associated with
lower BMI and higher likelihood of being under-
weight? and (3) Are the associations between key
adolescent transitions and BMI explained by work,
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time spent doing household chores, and household
wealth?

Background

In Zambia, between adolescence (aged 15–19 years)
and young adulthood (aged 20–29 years), the preva-
lence of undernutrition among girls drops in half
from 16.4% to 8.5%, while the prevalence of over-
weight and obesitymore than quadruples from1.1%
to 4.8%.9 Alongside substantial changes in nutri-
tional status, AGYW in Zambia often leave school,
marry, and begin childbearing within a short period
of time. Female school attendance rates decline
steeply during late adolescence, from around 85%
at age 15 to less than 25% at age 19; while the
prevalence of ever given birth increases from 23%
among adolescent girls aged 15–19 years to 74%
among young women aged 20–24 years, followed
closely by the prevalence of ever been married,
which increases from 19% among adolescent girls
aged 15–19 years to 64% among young women aged
20–24 years.9
The large majority of school girls in places like

Zambia walk to and from school, which has been
associated with lower likelihood of overweight and
obesity among school children in Tanzania,10 and
young adults in Uganda.11 School-leaving is often
driven by, or closely followed by,marriage.12,13 Stud-
ies from high-income countries have found that
nutritional status, reflected by physical attributes
and health behaviors, is significantly associatedwith
the likelihood ofmarriage.14 Being underweight can
be perceived not only as not yet being physically
mature but also as not having good health, particu-
larly in contexts where HIV prevalence is high,15 as
is the case in Zambia. Studies reviewing the litera-
ture onmarital transitions andBMI found that tran-
sitions intomarriage are associatedwith higher BMI
in the United States, other developed countries, and
in Mexico, and that married adults are more likely
to be overweight and obese.16–18 Finally, in Zambia,
breastfeeding is nearly universal during children’s
first year of life and is common during their second
year of life,9 and has been associatedwith lower BMI
among adult women in other African settings.19,20

Materials and methods

Data
We used data from four rounds of a longitudinal
survey of adolescent girls that was conducted to

evaluate the impact of the Adolescent Girls Empow-
erment Program (AGEP) in Zambia. AGEP was a
multisectoral asset-building program for vulnera-
ble adolescent girls with a cluster-randomized con-
trolled trial design, and a nutritional education
intervention embedded within the main trial.
The AGEP research sample consisted of vul-

nerable girls aged 10−19 years who had never
been married at the time of the baseline survey
and were residing in five rural and five urban sites
within four provinces in Zambia: Lusaka, Central,
Copperbelt, and North-Western. The sample was
clustered at Census Supervisory Areas (CSAs), as
delineated by the Zambia Central Statistical Office,
which had been randomly selected within each site.
The research instruments included a household
survey and an adolescent survey. The household
survey captured basic demographic information on
all household members, as well as asset ownership
and characteristics of the household’s dwelling. The
adolescent survey covered a wide range of topics,
including, among others, questions on schooling,
marriage, and childbearing histories. Adolescents’
anthropometric data were also collected. Further
details on AGEP, its evaluation design, and the
embedded nutritional education intervention are
reported elsewhere.21–23

The research protocol was reviewed and
approved by the Population Council Institutional
Review Board (PC-IRB #581), the University of
Zambia’s Research Ethics Committee (UNZA-REC
#008-11-12), and the Zambian Ministry of Health,
which granted authority to carry out the research.
Informed consent was obtained from all partici-
pants. Informed consent was also obtained from
parents or guardians of participants younger than
18 years old.
AGEP baseline (round 1) survey was conducted

in July 2013–February 2014, and a total of 5235
never married girls aged 10–19 years were inter-
viewed, representing an 88% response rate of the
target sample. Follow-up surveys were conducted
annually until 2017. The last survey round (round
5) is excluded from this study as no anthropometric
measurements were collected due to budgetary con-
straints. Of the total baseline sample, 90%, 89%, and
83% were interviewed in rounds 2, 3, and 4, respec-
tively. The analytical sample for our paper includes
all respondents for whom we are able to construct
relevant variables for at least two of these four
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survey rounds, excluding observations from rounds
if respondentswere pregnant at the time of the inter-
view.

Explanatory variables
School-leaving was measured with a binary vari-
able that is equal to 1 if the respondent was not
enrolled in school at the time of the survey.Marriage
was measured with three categories to indicate the
respondents’ marital status at the time of the survey:
never married/lived with a partner (reference cate-
gory), currently married/living with a partner, and
previously married/lived with a partner (separated,
divorced, or widowed). Childbearing was measured
with four categories: never given birth at the time
of the survey (reference category), had given birth
and was breastfeeding at the time of the survey, had
given birth but was no longer breastfeeding at the
time of the survey, and had given birth but had no
surviving children.
Work was measured as a binary variable that

is equal to 1 if the respondent had done any
work aside from household chores, whether paid
or unpaid, in the past week. Household chores was
measured with three categories indicating hours
spent doing household chores (e.g., cooking, clean-
ing, laundry, and fetching firewood and water)
the day before the interview: less than 2 h (ref-
erence category), 2 to less than 4 h, and 4 h or
more. Household wealth was measured using prin-
cipal components analysis (PCA) on 13 variables:24
ownership of eight assets (electricity/solar pan-
els, radio, cassette player, television, refrigerator,
CD/digital music player, VCR/DVD player, and
car/motorcycle), three dwelling characteristics (toi-
let facilities, floor material, and roof material),
household members per sleeping room, and hav-
ing means to obtain 1000 kwacha (currently about
USD $75) in the case of need. Separately for rural
and urban samples, the PCA was performed on the
full baseline sample and wealth quintiles were gen-
erated. The scoring factors from the PCA and the
baseline wealth quintile cutoffs were then applied to
the data from the follow-up survey rounds. Three
categories were constructed: the poorest (based on
the lowest baseline quintile cutoff), the middle (ref-
erence category), and the richest (based on the high-
est baseline quintile cutoff).

Other control variables. As BMI is known to
increasewith age but at a decreasing rate, in addition

to age, age squared was also included in the models.
Agewasmeasured as age at the time of the interview
estimated from month and year of birth and date
of the interview, not only to more accurately cap-
ture the age−BMI relationship but also to account
for differences in time between surveys. Grade
attainment was measured as a variable with the
range 0−12 indicating the highest primary or sec-
ondary school grade a respondent had completed.
Dietary diversity, used as a proxy indicator for
higher micronutrient adequacy, is included in the
models to account for potential differences in food
availability and consumption. The following eight
food groups consumed the day prior to the inter-
view were measured: (1) grains, white roots, tubers,
and plantains; (2) pulses, nuts, and seeds; (3) dairy;
(4) meat, poultry, and fish; (5) eggs; (6) dark-green
leafy vegetables; (7) vitamin A rich fruits and veg-
etables; and (8) other fruits and vegetables. Dietary
diversity was measured as a score that is equal to
the sum of groups, out of these eight food groups,
consumed the day prior to the interview. It should
be noted that the recommendedmeasure for dietary
diversity for women of reproductive age is based on
10 food groups.25,26 These 10 food groups include
all the foods listed in the eight groups above, but
separate pulses from nuts and seeds, as well as other
vegetables from other fruits; however, in the AGEP
questionnaires for rounds 1−3, these foodswere not
asked for separately. Recent sickness was measured
as a binary variable that is equal to 1 if the respon-
dent reported having experienced any of the follow-
ing symptoms in the past month: fever, night sweat,
rapid weight loss, and recurring diarrhea, cough-
ing or shortness of breath, vomiting, and fatigue or
weakness. Controls for season of the year when the
survey was conducted (dry cool, dry hot, and rainy)
were included to account for potential seasonal fac-
tors that could affect food availability and prices.
Models also controlled for exposure to AGEP and
the nutritional education intervention by including
two variables that measure the accumulated num-
ber of nutrition sessions and the accumulated num-
ber of other AGEP sessions the respondent had
attended by the time of the interview. Models also
controlled for rural/urban location, measured as a
binary variable that is equal to 1 if the household in
which the respondent was residing at the time of the
interview was in a rural area. All variables included
in the analytical models are time varying.
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Body mass index
Girls’ height was measured to the nearest 0.1 cm
using SECAR© portable stadiometers positioned on
hard and flat surfaces. Girls were weighted on a dig-
ital scale standing up, weight was recorded to the
nearest 0.1 kilogram. Girls’ BMI was calculated as
weight in kg/height in m2.

Analytical approach
To investigate associations between BMI and school
(S),marriage (M), and childbearing (B) status, while
controlling for other variables (C), we use the fol-
lowing relation:

BMIit = β0 + β1Sit + β2Mit + β3Bit + β4Cit

+ ai + uit (1)

where i is the respondent, t is the time (1, 2, 3, 4), a
is an unobserved individual effect; and u is a ran-
dom error. To eliminate the unobserved individ-
ual effect, ai, we used the fixed-effects (or within)
transformation;27 that is, panel-level averages are
removed from each side of Eq. (1), which, in turn,
remove the ai as it does not vary with time, and esti-
mated the following model:

(
BMIit − BMIi

) = β0 + β1
(
Sit − S̄i

) + β2
(
Mit − M̄i

)

+ β3
(
Bit − B̄i

) + β4
(
Cit − C̄i

) + uit − ūi (2)

The fixed-effects regressions were estimated with
robust standard errors adjusted for the clusters
in CSAs. In order to assess the appropriateness
of the fixed-effects transformation, we reestimated
the models using random-effects generalized least
squares (GLS) regressions and conducted Hausman
tests.
As a secondary analysis, we constructed cate-

gories for underweight, normal weight, and over-

weight and obesity using BMI-for-age Z-scores for
girls aged 18 years or younger calculated using the
2007WHOReference and girls’ ages inmonths, and
absolute BMI cutoff points for girls aged 19 years
or older. We combined the overweight and obesity
categories because the prevalence of obesity is very
low among the sample. We then estimated a fixed-
effects multinomial logistic regression with robust
standard errors using the user-generated femlogit
command in Stata R© (Ref. 28). To estimate this
model, only respondents who experience a change
in the BMI category are retained, as respondents
who remain in the same BMI category through-
out the period of observation do not contribute any
information to the model. As overweight and obe-
sity are generally more common in urban than in
rural areas, we reestimated all models separately for
the baseline rural and urban subsamples as sup-
plementary analysis. We also conducted a series of
checks to assess the robustness of our findings. Sta-
tistical significance was considered at the 95% level,
andmarginal statistical significance at the 90% level.
All statistical analysis was conducted in Stata 15.1.

Results

Table 1 shows the composition of the analyti-
cal sample by survey round. Out of 5235 respon-
dents interviewed at baseline, 4887 (93%) con-
tribute a total of 17,702 observations across the four
rounds: 70% of the analytical sample (3425 respon-
dents) contribute four observations each, 22% (1078
respondents) contribute three observations each,
and the remaining 8% (384 respondents) contribute
two observations each.
To illustrate the density of major life transitions

that adolescent girls face within a relatively short
period of time, Figure 1 shows the distribution

Table 1. Analytical sample by AGEP survey round, AGEP 2013–2016

Round 1 Round 2 Round 3 Round 4

Respondents interviewed at round 5235 4693 4633 4363
% of baseline (round 1) sample 100% 90% 89% 83%
– Pregnant at round 62 144 164 203
– Missing relevant data at round 101 94 100 27
– Only one round with relevant data 315 8 3 1

Respondents in analytical sample 4757 4447 4366 4132
% of baseline (round 1) sample 91% 85% 83% 79%

Note: Total analytical sample includes 17,702 observations from 4887 respondents, representing 93% of the total baseline sample.
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Figure 1. School, marriage, and birth status by age at last birthday, AGEP R1−R4 analytical sample pooled.

of school status, ever married, and given birth by
age for the pooled analytical sample. During the
early adolescent years (aged 10−14 years), the large
majority of respondents were attending school and
had neither been married nor given birth. This pic-
ture changes quickly, however, as respondents reach
late adolescence and young adulthood; school atten-
dance rates decrease steeply, while transition rates
into first marriage and birth considerably increase.
Table 2 presents themeans for the dependent and

independent variables for respondents contribut-
ing to the analytical sample in each survey round.
Mean BMI is increasing across time, and the preva-
lence of underweight is decreasing, while the preva-
lence of overweight and obesity are increasing as
respondents become older. All explanatory vari-
ables are statistically significantly changing across
time.Around 20%of respondentswere out of school
at round 1, this figure doubled by round 4. The
sample was purposively never married at baseline
and thus only around 5% had begun childbearing;
however, in only 3 years, 16% had already expe-
rienced marriage and almost a quarter had begun
childbearing.

BMI results
Table 3 presents results from fixed-effects linear
regressions for BMI. To answer our research ques-

tions, we estimated a series of models to explore
associations with school-leaving, marriage, and
childbearing, and whether work, household chores,
and household wealth explain these associations.
Column (1) presents results from separate regres-
sions estimated for each transitional variable of
interest, adjusting for age and age squared only. Col-
umn (2) presents results from a regression including
the three transitional variables simultaneouslywhile
controlling for age, age squared, grade attainment,
dietary diversity, recent sickness, season, exposure
to AGEP, and rural location. Column (3) presents
results from a regression that adds the work, house-
hold chores, and household wealth indicators to the
model in column (2).
Being out of school is not significantly associated

with BMI on its own; however, when marriage
and childbearing are included, being out of school
is associated with a 0.17 higher BMI relative to
being in school (P < 0.001). Marriage is negatively
associated with BMI (currently married β = −0.25,
P < 0.01 and previously married β = −0.38, P <

0.01) on its own; however, when school and child-
bearing statuses are also included, the coefficient
for currently married is close to zero, and while the
coefficient for previously married remains nega-
tive, it is not statistically significant. Having given
birth is negatively associated with BMI, whether
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Table 2. Means and standard deviations (SD) for dependent and explanatory variables by survey round and ana-
lytical sample, AGEP 2013–2016

Round 1 Round 2 Round 3 Round 4
aged 10−19 aged 11−20 aged 12−21 aged 13−22
(n = 4757) (n = 4447) (n = 4366) (n = 4132) P

Dependent variables
BMI, mean (SD) 19.4 (3.2) 20.0 (3.2) 20.6 (3.2) 21.1 (3.1) 0.000
BMI categories

Underweight, % 15.0 12.8 12.6 10.9 0.000
Normal, % 78.4 78.4 77.6 77.6 0.710
Overweight, % 6.1 8.0 8.8 10.2 0.000
Obese, % 0.6 0.8 1.0 1.3 0.000

Transitional variables
Out of school, % 19.6 23.6 31.3 39.5 0.000
Marital status

Never married, % 100.0 96.1 90.3 83.9 0.000
Currently married, % 0.0 3.2 8.0 13.4 0.000
Previously married, % 0.0 0.7 1.7 2.7 0.000

Childbearing status
Never given birth, % 94.8 90.1 82.7 75.1 0.000
Given birth, breastfeeding, % 2.9 5.6 10.7 13.6 0.000
Given birth, not breastfeeding, % 2.0 3.9 6.1 10.5 0.000
Given birth, no surviving children, % 0.2 0.5 0.6 0.8 0.001

Work and wealth variables
Works, % 21.0 26.0 27.1 34.9 0.000
Household chores

Less than 2 h, % 57.2 51.8 51.4 49.3 0.000
Two to less than 4 h, % 33.4 37.5 38.0 37.2 0.000
Four hours or more, % 9.4 10.7 10.6 13.5 0.000

Household wealth
Poorest, % 20.9 16.2 14.3 14.2 0.000
Middle, % 58.8 56.4 55.7 53.8 0.000
Richest, % 20.3 27.3 30.0 32.1 0.000

Other control variables
Age, mean (SD) 14.7 (2.7) 15.5 (2.7) 16.6 (2.7) 17.5 (2.7) 0.000
Grade attainment, mean (SD) 5.4 (2.5) 5.8 (2.4) 6.8 (2.3) 7.3 (2.2) 0.000
Dietary diversity score, mean (SD) 3.2 (1.5) 3.6 (1.5) 3.8 (1.5) 4.0 (1.5) 0.000
Sick last month, % 35.7 41.0 38.8 45.1 0.000
Season

Dry cool, % 23.0 38.4 38.8 48.4 0.000
Dry hot, % 39.2 36.0 31.8 31.1 0.000
Rainy, % 37.8 25.6 29.4 20.5 0.000

AGEP nutrition sessions, mean (SD) 0.0 (0.0) 0.5 (1.3) 0.8 (2.1) 0.9 (2.2) 0.000
AGEP other sessions, mean (SD) 0.0 (0.0) 10.9 (13.6) 21.0 (28.4) 22.7 (31.2) 0.000
Rural location, % 44.3 41.6 41.6 39.2 0.001

Note: Differences across survey rounds were assessed usingWaldχ2 tests from random-effects GLS regressions with standard errors
adjusted for clusters in CSAs.

currently breastfeeding or not, and these associ-
ations persist when school and marital status are
included (breastfeeding β = −0.59, P < 0.001 and
not breastfeeding β = −0.49, P < 0.001). Having

given birth but having no surviving children is also
negatively associated with BMI, but not statisti-
cally significant. Results for school, marriage, and
childbearing remain basically unchanged when
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Table 3. Results from fixed-effects (within) regressions for BMI, coefficients, and 95% confidence intervals (CI)

(1) (2) (3)

Coef 95% CI Coef 95% CI Coef 95% CI

Transitional variables
Out of school 0.066 (−0.024 to 0.155) 0.172∗∗∗ (0.084 to 0.259) 0.174∗∗∗ (0.087 to 0.261)
Marital status

Never married (ref)
Currently married −0.254∗∗ (−0.422 to −0.087) −0.002 (−0.171 to 0.167) 0.002 (−0.167 to 0.170)
Previously married −0.375∗∗ (−0.635 to 0.115) −0.196 (−0.447 to 0.056) −0.188 (−0.436 to 0.059)

Childbearing status
Never given birth (ref)
Breastfeeding −0.551∗∗∗ (−0.697 to −0.405) −0.592∗∗∗ (−0.745 to −0.439) −0.593∗∗∗ (−0.747 to −0.439)
Birth, not breastfeeding −0.487∗∗∗ (−0.653 to −0.321) −0.489∗∗∗ (−0.659 to −0.319) −0.485∗∗∗ (−0.654 to −0.315)
Birth, no surviving children −0.298 (−0.766 to 0.169) −0.280 (−0.751 to 0.191) −0.270 (−0.741 to 0.200)

Work and wealth variables
Works −0.060∗∗ (−0.104 to −0.016)
Household chores

Less than 2 h (ref)
Two to less than 4 hours 0.049∗ (0.002 to 0.096)
Four hours or more 0.044 (−0.025 to 0.112)

Household wealth
Middle (ref)
Poorest −0.072∗ (−0.132 to −0.013)
Richest 0.109∗∗∗ (0.055 to 0.162)

F-stat 429.14∗∗∗ 358.37∗∗∗

Rho 0.84 0.84
F-test for individual effects 18.78∗∗∗ 18.7∗∗∗

Hausman test: χ2 147.04∗∗∗ 166.61∗∗∗

Note: Column (1) presents results from separate regressions for each transitional variable adjusted for age and age squared. Column
(2) presents results from a regression that included the three transitional variables and controlled for age, age squared, grade attain-
ment, dietary diversity, sick last month, season, AGEP nutrition and other sessions attended, and rural location. Column (3) presents
results from a regression that included the three transitional variables plus the work and wealth variables, and controlled for age, age
squared, grade attainment, dietary diversity, sick last month, season, AGEP nutrition, and other sessions attended, and rural location.
All models were estimated with robust standard errors adjusted for clusters in CSAs. Sample n= 4887 girls; observations n = 17,702.
∗∗∗P < 0.001, ∗∗P < 0.01, and ∗P < 0.05.

work, household chores, and household wealth
are included in the model (column (3)). The rho
suggests that most (0.84) of the variation in BMI
is related to inter-respondent differences in BMI.
The F-test for individual effects indicates that
there are significant individual effects (implying
that pooled regressions would not be appropri-
ate). To test the appropriateness of our models,
we reestimated all models with fixed effects but
without robust standard errors and compared
with identical models estimated with random
effects (available upon request). Hausman tests
indicate the null hypothesis that the random-
effects estimates are consistent is rejected in all
models.

Results from the full model for BMI estimated
separately for the baseline rural and urban subsam-
ples show that being out of school is associated with
a higher BMI in both cases; being currently married
is marginally associated with a higher BMI in the
urban sample; and while childbearing is associated
with a lower BMI in both samples, the associations
are twice as large in the rural than in the urban sam-
ple (Table S1, online only).

BMI categories results
Table 4 presents results from the fixed-effects multi-
nomial logistic regression for BMI categories. The
reference category is normal BMI. Out of 4887
respondents in the analytical sample, 1328 (27%)
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Table 4. Results from fixed-effects multinomial logistic regression for BMI categories, relative-risk ratios (RRR),
and 95% confidence intervals (CI)

Underweight Overweight/obesity

RRR 95% CI RRR 95% CI

Transitional variables
Out of school 0.813 (0.584–1.132) 1.566∗ (1.102–2.226)
Marital status

Never married (ref)
Currently married 2.479∗∗ (1.431–4.295) 1.448 (0.769–2.726)
Previously married 5.197∗∗ (1.957–13.803) 0.970 (0.391–2.410)

Childbearing status
Never given birth (ref)
Breastfeeding 2.039∗ (1.157–3.594) 0.322∗∗∗ (0.172–0.601)
Birth, not breastfeeding 0.912 (0.406–2.046) 0.511† (0.257–1.018)
Birth, no surviving children 1.035 (0.269–3.979) 0.385 (0.106–1.401)

Work and wealth variables
Works 1.305∗ (1.060–1.606) 0.929 (0.728–1.186)
Household chores

Less than 2 h (ref)
Two to less than 4 hours 1.024 (0.848–1.236) 1.319∗ (1.061–1.640)
Four hours or more 0.994 (0.718–1.375) 1.403∗ (1.002–1.963)

Household wealth
Middle (ref)
Poorest 1.269† (0.978–1.647) 1.010 (0.706–1.446)
Richest 1.010 (0.778–1.312) 1.285† (0.971–1.700)

Wald χ2 292.9∗∗∗

Log pseudolikelihood −1641.51

Note: Model controlled for age, age squared, grade attainment, dietary diversity, sick last month, season, AGEP nutrition and other
sessions attended, and rural location.Model was estimated with robust standard errors. Normal BMI is the reference category. Sample
n = 1328 girls; observations n = 4938. ∗∗∗P < 0.001, ∗∗P < 0.01, ∗P < 0.05, and †P < 0.1.

experienced a change of BMI category during the
period of observation. Results show that being
out of school is associated with higher odds of
being overweight/obese relative to being in school
(OR = 1.57; P < 0.5). Being currently married
(OR = 2.48, P < 0.01) and having been mar-
ried (OR = 5.20, P < 0.01) are both associated
with higher odds of being underweight relative to
having never been married. Being currently mar-
ried is also associated with higher odds of being
overweight/obese but is not statistically signifi-
cant. Breastfeeding is significantly associated with
higher odds of being underweight (OR = 2.04,
P< 0.05) and lower odds of being overweight/obese
(OR = 0.32, P ≤ 0.001).

Results of the regressions estimated separately for
the baseline rural and urban subsamples (Tables
S2 and S3, online only) show that being out of
school is marginally significantly associated with

higher odds of being overweight/obese in both
cases; current and previous marriage are both asso-
ciated with higher odds of being underweight in
the rural sample, while only previously married is
marginally associated with higher odds of being
underweight in the urban sample; and breastfeed-
ing is significantly associated with higher odds of
being underweight and all childbearing categories
are significantly associated with lower odds of over-
weight/obesity in the rural sample.

Robustness considerations
As the period of observation is relatively short,
we do not observe a large majority of girls’ tran-
sition out of school, into marriage and childbear-
ing. To investigate whether our findings change
when higher proportions of adolescents and young
women have experienced these transitions, we
reestimated the full models for BMI and BMI
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Table 5. Summary of findings comparing associations for the full sample with the baseline sample of 15- to 19-year-
olds

Full sample Baseline sample of 15- to 19-year-olds

BMI categories BMI categories

BMI Underweight Overweight/obesity BMI Underweight Overweight/obesity

Transitional variables
Out of school (+) (+) (+) (+)
Currently married (+) (+) (+)
Previously married (+) (+)
Breastfeeding (−) (+) (−) (−) (−)
Birth, not breastfeeding (−) (−) (−) (−)
Birth, no surviving children

Work and wealth variables
Works (−) (+)
Two to less than 4 h of chores (+) (+) (+) (+)
Four or more hours of chores (+) (+) (+)
Poorest (−) (+) (–)
Richest (+) (+) (+)

Note: Models controlled for age, age squared, grade attainment, dietary diversity, sick last month, season, AGEP nutrition and other
sessions attended, and rural location. Models were estimated with robust standard errors adjusted for clusters in CSAs. BMI full
sample n = 4887 girls; observations n = 17,702. BMI categories full sample n = 1328 girls; observations n = 4938. BMI baseline
sample of 15- to 19-year-olds n = 2386 girls; observations n = 8381. BMI categories baseline sample of 15- to 19-year-olds n = 621
girls; observations n = 2258.

categories for the subsample of girls who were aged
15–19 years at baseline and thus were more likely to
have experienced the transitions out of school, into
marriage and childbearing. Table 5 presents sum-
mary findings of the associations found in themod-
els using the full sample and in the models lim-
ited to the baseline sample of 15- to 19-year-olds
for our key variables. Being out of school is consis-
tently associated with a higher BMI and higher odds
of overweight/obesity. Ever been married is consis-
tently associated with higher odds of underweight;
however, being currently married is also associated
with higher odds of overweight/obesity for the sub-
sample of baseline aged 15−19 years. Having living
children, whether breastfeeding or not, is consis-
tently associated with a lower BMI and lower odds
of overweight/obesity; but breastfeeding is not asso-
ciated with higher odds of underweight among the
subsample of baseline 15−19 years.
Finally, we conducted three additional robust-

ness checks. First, we estimated linear probability
models with fixed effects for underweight and over-
weight/obesity separately. Unlike the fixed-effects
multinomial logistic models, these models retain
all observations in the analytical sample. Second,

we reestimated all our models using a balanced
panel that is, including only respondents who con-
tributed the four observations to the analytical sam-
ple. Third, we reestimated all of our models con-
trolling for age categories instead of age and age
squared. In all cases, while the point estimates vary
slightly, the findings remain unchanged (results are
available upon request).

Discussion

School-leaving, marital transitions, and childbear-
ing may influence the nutritional status of AGYW
through their impact on dietary intake, physi-
cal activity, and general health. The relationships
between adolescent girls’ nutritional status and
their transitions out of school, into marriage and
motherhood are complex as they can be bidirec-
tional and operate in opposing ways. On one hand,
undernutrition can have a negative effect on aca-
demic performance and thus be a driver of early
school dropout.29,30 On the other hand, adoles-
cent girls’ lives may become more sedentary when
they stop attending school resulting in weight gain.
We explored these relationships using longitudinal
data from a cohort of adolescent girls in Zambia.
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In addition to being able to control for a num-
ber of time-varying factors, the longitudinal data
allowed us to use fixed-effects models that control
for all individual-level constant factors, observed
and unobserved, that could have an effect on BMI
and nutritional status.
The findings reviewed in our paper indicate

that school-leaving, marital status, and childbear-
ing are associated with AGYW’s nutritional sta-
tus in diverse ways. School-leaving is associated
with higher BMI and increases the risk of over-
weight/obesity. This finding was expected as the
lives of young women are likely to become more
sedentary when they stop attending school, while
eating patterns may shift with more ready access to
food. We were expecting marriage to be positively
associated with overweight/obesity, as was noted
in other studies,16–18 but we found that marriage
increases BMI only in urban areas and among older
girls. In rural areas, marriage was found to increase
the risk of being underweight. The establishment of
a new household, as well as power and status within
themarital household,mayhave a role to play;31 fur-
ther research is needed to understand what causes
rural married young women to be at higher risk of
undernutrition.
Our finding that AGYWwho have experienced a

marriage dissolution are at a higher risk of under-
nutrition should also be explored further and sug-
gest an at-risk population that could be targeted
for nutritional interventions. Motherhood is asso-
ciated with lower BMI and lower risk of being
overweight/obese, particularly among breastfeed-
ing young mothers, which was not surprising given
existing evidence from previous studies in the
region.19,20 While current work, time spent doing
household chores, and household wealth are associ-
ated with AGYW’s nutritional status, these associa-
tions do not explain the associations observed with
school-leaving, marriage, and childbearing.
Understanding how transitions to adulthood are

related to youngwomen’s nutritional status is highly
relevant in this region as the burdens of under-
and overnutrition are increasingly coexisting,6,32,33
and obesity is a health concern particularly affecting
women.34 Evidence from our paper identified char-
acteristics among AGYW that would be useful for
targeted nutritional interventions and social behav-
ior change programming, including girls leaving
school (at risk for being overweight/obese), recently

married, and young women undergoing a mari-
tal separation (higher risk of undernutrition), and
young mothers and their children (at higher risk of
undernutrition). Targeted interventions to improve
nutritional statuses and downstream health out-
comes may consist of nutrition-specific interven-
tions, such as micronutrient supplementation,35 or
integrated, multisectoral interventions, such as the
AGEP program, which embedded a nutritional cur-
riculum into a nutrition-sensitive program that
included a female empowerment component aimed
at delaying school dropout and marriage and a sex-
ual and reproductive health component seeking to
delay pregnancy. Programs and policies that aim to
improve the nutritional status of AGYW need to be
aware of the density of transitions during this period
and how these transitions may intersect.

Study limitations

Our study has some important limitations. First,
while the sample is representative of girls living
in rural settings, it is not representative of all girls
living in urban settings but only of those most
vulnerable according to the vulnerability definition
used to select girls for AGEP. Second, the sample
was purposively never married at baseline. While
this is not problematic for the younger cohort,
it means that for the older cohort, the sample is
biased toward girls who had not yet been married
and who could be different from girls who had
already enteredmarriage. Third, the data are part of
a randomized controlled trial where some respon-
dents were exposed to a series of interventions and
others were not. Although we controlled for actual
program exposure in our models to mitigate bias
from exposure to the intervention, it is possible
that some bias remains. Fourth, our findings could
also be biased owing to attrition from the study.
To assess potential attrition bias, we compared
baseline characteristics of respondents by inclu-
sion in the analytical sample (see Tables A1 and
A2 in the Appendix, online only). Results from
multivariate models indicate that being older and
from poorer households significantly increased,
while grade attainment significantly decreased,
the odds of exclusion from the analytical sample.
Ever given birth and rural location were both
marginally significantly associated with lower odds
of exclusion from the analytical sample. Nonethe-
less, our study is, to our knowledge, the first to
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simultaneously investigate how school-leaving,
marriage, and childbearing influence the nutritional
status of AGYW in a sub-Saharan African country.
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