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Abstract 
 
Objectives 
In many South Asian communities, the majority of women are married during adolescence and 
reproduce before 20 years. Early reproduction may adversely affect maternal nutrition and 
linear growth, however whether early marriage has similar effects is unknown. Shorter women 
might also be preferentially chosen for earlier marriage. We hypothesised that early marriage 
and early pregnancy may each be associated with women’s shorter height, independent of any 
selection effects. 
 
Materials and Methods 
We analysed cross-sectional data on 7,146 women aged 20-30 years from rural lowland Nepal. 
Linear regression models tested associations of early marriage and early reproduction with 
height, adjusting for women’s education and husbands’ characteristics (education and wealth) 
that might index preferential selection of short young women for marriage. 
 
Results 
Median ages at marriage and first pregnancy were 15 and 18 years respectively, with 20% 
pregnant <16 years. Both early marriage and early pregnancy were independently associated 
with shorter stature, accounting for a decrement of 1.4 cm, which decreased to 1 cm after 
adjusting for women’s education. Effects of early marriage and reproduction persisted after 
adjusting for the tendency of poorer and less educated men to marry young and short women, 
indicating a role for social selection. 
 
Discussion 
The decrements in height associated with early marriage and reproduction are indicative of 
broader adverse effects on maternal metabolism during a ‘critical period’ of growth and 
maturation in the life-course of women. Although the magnitudes of effect are relatively small, 
they affect large numbers of women in this population. 
 
 
Keywords: Adolescent marriage; early pregnancy; height; social selection; rural lowland 
Nepal  
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INTRODUCTION 
 
In South Asia, there is a transactional nature to marriage, with its timing generally decided 
when the perceived costs of maintaining a daughter and investing in her education in the natal 
home exceed the benefits of her unpaid labour (Human Rights Watch, 2016). The prospective 
marital family’s demand for a wife of a particular age and education level also influences her 
age at marriage (Human Rights Watch, 2016). Whilst both households stand to gain from this 
transaction, early (defined by the United Nations as <18 years (UN General Assembly, 2014)) 
marriage may adversely affect the health and human capital outcomes of both the woman and 
her subsequent children (Godha, Hotchkiss, & Gage, 2013; Kim, Mejía-Guevara, Corsi, 
Aguayo, & Subramanian, 2017; Raj et al., 2010).  
 
Age at marriage may then have implications for maternal height, which in turn affects 
offspring’s health. Across low and middle-income countries (LMICs), for example, maternal 
stature was inversely associated with offspring mortality risk, and the prevalence of 
underweight and stunting in infancy and childhood (Addo et al., 2013; Monden & Smits, 2009; 
Özaltin, Hill, & Subramanian, 2010). Studies from the Gambia have likewise found that in 
comparison to shorter women, taller women had later first births, fewer stillbirths, larger 
offspring and lower infant mortality (Allal, Sear, Prentice, & Mace, 2004; Sear, 2010). 
Physiologically, shorter women have smaller pelvic dimensions, and this may contribute to 
intrauterine growth restriction and low birth weight in the next generation (Kozuki et al., 2015; 
Shirley, Cole, Arthurs, Clark, & Wells, 2019).  
 
Although adult height is a highly heritable trait (Fisher, 2019; Perkins, Subramanian, Davey 
Smith, & Özaltin, 2016; Silventoinen, Helle, Nisén, Martikainen, & Kaprio, 2013) it is also 
influenced by environmental and developmental factors (NCD Risk Factor Collaboration, 
2016; Silventoinen, Kaprio, Lahelma, & Koskenvuo, 2000), particularly those acting during 
early periods of development (Bogin, 1999; Perkins et al., 2016; Tanner, 1992). While much 
attention has been paid to ‘critical windows’ in foetal life and infancy, later developmental 
periods may also be important. For example, adolescent girls in rural Gambia showed 
substantial catch-up in height between the ages of 12 and 18 years (Prentice et al., 2013). 
Environmental stresses acting during adolescence might therefore constrain adolescent growth.   
 
Addressing the association between early marriage and height builds on substantial prior work 
in the discipline of anthropometric history, which explicitly sought to use data on 
anthropometric outcomes to improve understanding of the adverse experiences of marginalised 
groups (Komlos, 1991, 1994; Steckel, 1995). Assessing trends in height over time to indicate 
changes in living conditions is particularly important for those low in social hierarchies, 
because conventional markers of living standards (e.g. wages or wealth) have little relevance 
(Tanner, 1990). For example, a study of 19th century child factory workers interpreted girls’ 
lower height-for-age score compared to boys as a marker of discrimination, potentially 
reflecting girls’ higher susceptibility to disease, undernutrition, and the arduous physical nature 
of their work in both the factory and home (Horrell & Oxley, 2016). In contemporary 
patriarchal societies, conversely, women have negligible opportunity to participate in the wage 
economy, and it is the norm for women to marry and reproduce before linear growth is 
completed. In both contexts, analysing anthropometric variability can provide a unique 
opportunity to explore asymmetric power relations in society and within families, which may 
have implications for health outcomes (Wells, 2016).  
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Previous research has indicated that early age at reproduction may adversely impact women’s 
growth. For example, Rah et al found that sub-optimal diets during pregnancy and lactation 
exacerbated Bangladeshi girls’ poor nutritional status and hindered their linear growth (Rah et 
al., 2008). These authors estimated that the cessation of linear growth due to early pregnancy 
might result in an overall decrement of between 0.6 and 2.7 cm in attained height among 12 to 
19 year old girls (Rah et al., 2008). In a similar study in Mexico City, pregnant adolescents 
showed no change in height between 20 weeks of gestation and 1 month post-partum, whereas 
non-pregnant adolescents matched by socioeconomic level, chronological age, menarche age 
and BMI gained 0.9 cm (Casanueva, Roselló-Soberón, De-Regil, Argüelles, & Céspedes, 
2006). Mechanistically, early reproduction may generate ‘competition’ for nutrients between 
the mother and foetus, and this may impair the growth of both mother and child (Allal et al., 
2004; Scholl, Hediger, Schall, Khoo, & Fischer, 1994; Sear, Allal, & Mace, 2004; Stulp & 
Barrett, 2016). These effects may be exacerbated in high-pathogen environments where 
infectious disease is largely untreated, as more energy may be allocated to immune defence, 
reducing its availability for growth (Wells & Stock, 2020). However, evidence on the 
association of early pregnancy with height remains sparse. 
 
Beyond these trade-offs, reproduction also reduces the allocation of energy to other metabolic 
functions such as defence, due to immune suppression, particularly in resource limited contexts 
(Jasienska, 2009). For example, in countries with high malaria burden, the frequency and 
severity of malaria is greater during pregnancy and early postpartum than before pregnancy 
(Diagne et al., 2000). Another component of defence is the stress response, which also has high 
energy costs, thereby reducing energy availability for other functions. For example, compared 
to lactating mothers in a control group, those who participated in a relaxation intervention had 
lower stress scores, lower breastmilk cortisol, and higher infant breastmilk intake and weight 
gain (Shukri et al., 2019). 
 
Aside from early reproduction, whether early marriage is associated with shorter maternal 
height appears not to have been considered. In South Asia, marriage generally precedes 
childbearing and represents a cultural gateway to reproduction, and a substantial proportion of 
women are married during adolescence (MacQuarrie, 2016). In 2018, for example, 30% of 
women across South Asia aged 20-24 years had married <18 years and 8% <15 years 
(UNICEF, 2020).  
 
This paper therefore aims to investigate the independent associations of early age at marriage 
and first reproduction with women’s height, in a cohort of women from rural lowland Nepal. 
Our models adjust for women’s education as a potential confounder. Education is the only 
marker of socio-economic status in our dataset that reflects a woman’s experience growing up 
in the natal household. Women with no or little schooling might be more likely to marry young, 
while the same educational traits might indicate family environments less favourable to growth 
(e.g. greater food insecurity or poorer sanitation, increasing exposure to infections). We further 
aim to investigate whether such associations are independent of husbands’ characteristics 
(education, marital household wealth), which might contribute to selection effects (poorer men 
might marry women who are both younger and shorter).  
 
Women’s early marriage and growth 
Beyond any mediating role of early reproduction, there are a number of different mechanisms 
through which early marriage may be associated with women’s shorter height. While previous 
work has addressed the prospective association of adult height and the likelihood of women 
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subsequently getting married and the timing of their marriage (Murasko, 2020; Smits & 
Monden, 2012; Yamamura & Tsutsui, 2017), our interest here is on the impact of marrying 
before adulthood on final height. 
 
First, poverty and socio-cultural practices discriminating against women may result in 
decreased nutritional intake and poor growth of those women who are likely to be married early 
(Aurino, 2017; Bajracharya & Amin, 2012). An analysis of Demographic Health Survey (DHS) 
data on married women aged 25-49 years from 54 LMICs found that on average, compared to 
the poorest quintile of wealth in the marital household, those in the first and second two richest 
quintiles were 2.0 and 1.0 cm taller respectively (Subramanian, Özaltin, & Finlay, 2011). 
Similarly, compared to uneducated women, those with primary or secondary education were 
0.16 and 1.33 cm taller (Subramanian et al., 2011). Since poverty may be an important correlate 
of early marriage (Bajracharya & Amin, 2012; Samuels, Ghimire, Tamang, & Uprety, 2017), 
it may also contribute to shorter height among those who marry early, though some historical 
studies have found the opposite (Baten & Murray, 1998). 
 
Second, there may be a genetic link between early puberty and shorter height. Girls who 
undergo puberty early tend to achieve shorter final height, reflecting their earlier growth 
cessation (Ong et al., 2009). In turn, studies suggest girls who experience puberty early may 
be more likely to marry earlier, as visible signs of sexual maturity may send a social signal for 
the readiness for marriage (and childbearing) (Chari, Heath, Maertens, & Fatima, 2017; Raj et 
al., 2015). However, a study from Brazil found that poor early growth was associated with later 
puberty, but nevetheless with early childbearing (Wells, Cole, et al., 2019). 
 
Third, early marriage might lead to the constraint of linear growth through psychosocial stress. 
During late adolescence, girls can gain between 5 and 7.6 cm (Spear, 2002; Viner et al., 2015), 
while in under-nourished populations, linear growth may continue beyond 20 years of age in 
order to recover from growth faltering in early life (Rah et al., 2008; Satyanarayana, Nadamuni 
Naidu, Swaminathan, & Narasinga Rao, 1981; Wells, Wibaek, & Poullas, 2018). In children, 
seminal work in German orphanages found that, despite abundant food provision, harsh and 
unsympathetic treatment caused distress and curtailed linear growth (Widdowson, 1951). More 
generally, growth in early life is widely recognised to reflect social conditions (Tanner, 1992). 
Little is known about this scenario in adolescents, however early marriage could exacerbate 
psychosocial stress. In a study in rural India, for example, early marriage, social isolation and 
adapting to new behaviours of the marital household increased distress and under-nutrition, 
partly because young married women chose to eat less because of their low mood (Chorghade, 
Barker, Kanade, & Fall, 2006). Similarly, studies from Nepal have found social dynamics at 
meals such as young wives eating last and eating less than other family members may impact 
on nutrition (Clarke et al., 2014; Harris-Fry et al., 2018).  
 
Fourth, an association between early marriage and growth might also emerge through social 
selection. In South Asian societies, covariance between husbands’ and wives’ characteristics 
emerges from household choices in arranged marriage agreements, potentially reflecting 
assortative mating by wealth or education (Smits, Ultee, & Lammers, 1998), though it might 
also relate to direct concerns regarding height as a marker of social status, as reported in 
Pakistan (Ahmad, Gilbert, & Naqui, 1985). A study on marriage markets in India found that 
women who were taller than average had a greater likelihood of marrying overall, and also of 
marrying after 16 years of age (Smits & Monden, 2012). Both this study from India and another 
study from Italy also found taller women were more likely to pair with more educated husbands 
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with a better labour market position (Ponzo & Scoppa, 2015; Smits & Monden, 2012). 
Theoretically, husbands seeking young brides might also directly seek short women, or 
indirectly pair with them by being unable to marry tall women. This might occur for example 
if poor men, also relatively short, preferred young wives and selected women from similar 
socio-economic backgrounds who were also short.  
 
MATERIALS AND METHODS 
 
Study context 
This analysis is based on secondary analysis of data from the Low Birth Weight South Asia 
Trial (LBWSAT). The trial was approved by the Nepal Health Research Council and 
University College London ethics committees. Written informed consent was obtained from 
participants. This cluster randomised controlled (non-blinded) trial was conducted in the 
southern areas of Dhanusha and Mahottari districts, in Province 2 of the lowland Terai zone of 
Nepal. All married women and girls between the ages of 10-49 residing across 80 Village 
Development Committees (VDCs) were invited to take part in the trial. The main exclusion 
criteria was that neither they nor their husbands had undergone operative family planning 
(Saville et al., 2018, 2016). Between Dec 2013 and Feb 2015, 64,000 eligible women consented 
to menstrual monitoring and 24,682 pregnant women were recruited into the trial (Saville et 
al., 2016). 

The main aims of LBWSAT were to assess the impact of pregnancy interventions on birth 
weight and infant growth (weight-for-age z-score, from 0–16 months). VDC clusters were 
randomly assigned to one of four interventions: (a) a behavioural change Participatory 
Learning and Action approach implemented through women’s groups (PLA), (b) PLA and 
unconditional cash transfers provided to pregnant women, (c) PLA and a fortified blended food 
supplement given to pregnant women, or (d) Government of Nepal health services, which 
functioned as the control group. Data were collected by trained fieldworkers using oral 
questionnaires administered through smartphones.  
  
Variables analysed 
Our dependent variable is height (cm). Our value for height collated measurements made either 
during early or late pregnancy, or during the postpartum period where pregnancy 
measurements were missing. We used height rather than weight as a marker of growth because 
weight may change substantially in association with pregnancy and other stimuli or stresses.  
 
Our primary independent variables are women’s age at marriage and at first pregnancy. Not 
every pregnancy necessarily resulted in a live birth. Women’s marriage age and age of first 
pregnancy were recorded as integer values in running years, which were then converted to 
completed years (running years minus 1) during analysis. This is because most people count 
age in the year in which they are running rather than in completed years in this setting. Age at 
marriage was coded into five groups: 10-14 years, 15 years, 16 years, 17 years and ≥18 years. 
Age at first pregnancy was coded into three groups: <16 years, 16-17 years and ≥18 years.  
 
Educational attainment (highest class completed in school) of both the wife and the husband 
was coded into four levels based on the structure of the education system in Nepal and also 
based on the distribution of data in our sample: none, primary (1-5 years), lower secondary (6-
8 years) and secondary or higher (≥9 years). 
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Marital household assets reflect the context that women marry into, and also where the 
allocation of food, psychological well-being and the timing of pregnancy are negotiated. Our 
analyses used quartiles of marital household asset score, with 1 being the poorest and 4 being 
the richest. The household asset score was derived using principal component analysis based 
on the ownership of consumer goods including non-biomass fuel use, colour television, 
motorbike or computer, land ownership and household infrastructure: drinking water source, 
access to toilet facilities and electricity, roofing, walls and flooring materials. The first principal 
component had positive factor loadings for all 12 variables, accounting for 30.2% of the 
variability, compared to 10.5% and 8.5% from the second and third principal components 
respectively. We therefore used the first principal component as a marker of wealth.  
 
Adjusting height for age 
Since our interest is in examining how events in the past (marriage and first pregnancy) may 
be captured in women’s phenotype (adult height), we focused on the 20 to 30-year age group. 
The lower age cut-off of 20 years was selected because this is when linear growth in this 
population is on average completed. In Supplementary Figure S1, loess scatterplot smoothers 
were fitted to explore associations between women’s age and height for married women aged 
14-30 years. The scale on the graph has been adjusted to show ages 16-24 years only, in order 
to emphasise the age at which height shows an age-associated inflexion in this population. 
Results show an increment in height up to the age of 20 years. Specifically, height increased 
by 0.07 (95% CI -0.05, 0.19, p= 0.287) cm per year between the ages of 14-19 years, and 
declined by -0.07 (95%CI -0.12, -0.03, p=0.002) cm per year between 20-30 years. The upper 
age cut-off for the sample was selected as 30 years because of small numbers above this age.  
 
In Supplementary Figure S2, loess scatterplot smoothers were fitted to explore associations 
between women’s age and height for the selected sample of women aged 20-30 years used in 
our analysis. Results show a weak negative linear association between age and height for 
women aged 20-30 years, indicating a secular trend whereby more recent birth cohorts are 
taller than older cohorts.  This cohort effect in height has been found in South Asia (NCD Risk 
Factor Collaboration, 2016; Subramanian et al., 2011). To adjust for this association, we 
standardized our outcome variable height by age, by taking the residuals from a regression of 
height as the dependent variable against age as the independent variable.  
 
Sample selection  
The flowchart in Supplementary Figure S3 illustrates the criteria used to select n=7,146 
women aged 20-30 years for this analysis. Briefly, the study recruited 24,682 women into the 
trial. First, we excluded women who had more than one pregnancy during the trial (n=408), to 
ensure they were not double-counted in our analyses. Second, we excluded women who were 
missing data on age (n=36), and who were either <20 (n=9,950) and >30 (n=1,098) years of 
age. We excluded the younger women because they are likely to be growing still. Factors 
affecting age at marriage of older women may have also differed from those in the 10-year 
cohort we selected, and may be less relevant to current issues around age of marriage and first 
pregnancy. 
 
Third, we excluded women missing data on their marriage age (n=1,883), and those who either 
married very young (<10 years of age, n=99), or at an older age (>22 years of age, n=67) 
because of small numbers. These women were likely to be different than most other women in 
Province 2 of Nepal, who married at the median age of 16.5 years (Ministry of Health and 
Population, Nepal, New ERA, & ICF International, 2017). Furthermore, in the Maithili-

Page 13 of 38

John Wiley & Sons, Inc.

American Journal of Physical Anthropology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



8 
 

speaking Madhesi population of our study, married girls are not likely to move to their 
husbands’ home until attaining menarche (Gram et al., 2017). Therefore, for the very young 
group, it was difficult to test whether marriage or first pregnancy age was associated with their 
height.  
 
Fourth, we excluded women with missing data on first pregnancy age (n=128), and with 
unusual timing of first pregnancy (either before marriage (n=3), or ≥12 years after marriage 
(n=99)).  In 2016, women aged 25-49 years in Province 2 had median age at first birth of 19.2 
years (Ministry of Health and Population, Nepal et al., 2017).  
 
Fifth, we excluded women who were missing data on marital household assets (n=3), or the 
location of the home where they were measured (n=62), and if they were measured in their 
natal or other home (n=1,461).  
 
Sixth, we excluded women with missing data on height (n=2,239). Supplementary Table S1 
shows small differences between women with missing and available data. The small magnitude 
of the difference is not expected to bias our results.  
 
Statistical methods 
We first describe characteristics of our sample using frequencies and proportion (%), mean and 
standard deviation (SD, for height only), or median and interquartile range (IQR) because of 
the skewed distribution of age, timing and asset data. To test for biases in continuous values of 
characteristics between women with missing and available data on height, we use non-
parametric K samples analysis of variance (Kruskal-Wallis test) to test for homogeneity of 
location. Spearman’s coefficients describe correlations between continuous values of the 
variables used in analyses.  
 
We then compare mean and standard error (SE) of women’s height, age at marriage and first 
pregnancy by women’s education. We also ask whether poorer and less educated men are more 
likely both to marry younger and shorter wives, which would indicate a role for social selection 
in the correlation between women’s marriage age and height. We compare mean (SE) of 
women’s height, age at marriage and age at first pregnancy by both husbands’ education level 
and marital household assets. We test for trends in these associations using linear regression. 
These analyses test whether, as expected, these variables are potential confounders of the 
association between marriage age and height. 
 
Next, we fit four Ordinary Least Squared (OLS) Linear Regression models in order to assess 
the separate, and combined (or independent) associations of age-standardised height residual 
with women’s age at marriage (Model 1), women’s age at first pregnancy (Model 2), and their 
combined associations (Model 3). Then, we introduce women’s education (Model 4), as a 
potential confounder of the association between height and age at marriage or first pregnancy.  
 
In addition, we present these OLS linear regression models for the uneducated women only, 
because they comprise a substantial proportion of our sample, and because in this group, 
women’s height is entirely unconfounded by schooling. 
 
We then further adjust our regression models of women’s height for these two markers of the 
husbands’ education and wealth, in order to take into account any social selection effects. To 
visualise these associations, we present 3D plots of the potential interactions between height 
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and women’s marriage age, pregnancy age and husbands’ education level and assets. These 3D 
plots illustrate the combined social gradients in height associated with other factors. 
 
In all of these models, we use women marrying at ≥18 years, and having their first pregnancy 
at ≥18 years, as the respective reference groups as we want to ascertain whether earlier timing 
of these events is associated with lower height. Selecting a group with later marriage or first 
pregnancy is not possible in this population due to small numbers, since early marriage and 
reproduction represent the norm. We use ‘no education’ and ‘poor’ households as the reference 
groups because we want to know whether attaining higher levels of these socio-economic 
characteristics benefited women’s height.  
 
We report regression coefficients and their 95% confidence intervals (CI). We use the variance 
inflation factor (VIF) to test for multicollinearity. Although we report the adjusted R2, 
multiplied by 100 to describe the proportion of the independent variable’s variance explained 
by the inclusion of each predictor variable in each model, we do not discuss these values 
because our interest is in understanding the magnitude of the effect of the exposure at the 
population level, rather than to predict the height of individual women. Tests are conducted at 
a 5% two-sided significance level.  
 
We also fit regression models adjusting for (unobserved) variability between the 80 geographic 
clusters, and trial arms, but as these factors have negligible effects and do not change our results 
substantively, we do not report the results.  
 
Analyses are performed in Stata IC 15.1 (Stata Corp., College Station, TX) and SPSS 26 (IBM 
Corp., Armonk, NY). 
 
RESULTS 
 
Description of sample 
Table 1 describes the characteristics of our sample. Mean height was 150.4 cm (SD 5.4). The 
median marital household asset score was -0.41 (IQR 2.4). About 37% of women had married 
during childhood, at ages 10-14 years, 51% during adolescence (ages 15-17 years) and 12% at 
ages ≥18 years. About 20% of women had their first pregnancy at <16 years, 33% at ages 16-
17 years and 48% ≥18 years. Almost 71% of women and 51% of husbands were uneducated 
compared to 12% and 22% with ≥9 years of schooling respectively.  
 
 

Table 1 near here 
 

 
Testing whether education and marital assets are potential confounders 
Table 2 explores if women’s height, their age at marriage and first pregnancy increase in 
association with their own higher educational attainment, as well as their husbands’ education 
and the marital household asset score. The results show statistically significant trends, with 
each of women’s height, age at marriage and age at first pregnancy increasing in association 
with both women’s and husbands’ education, and with the marital household asset score. 
 
 

Table 2 near here 
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10 
 

 
Quantifying the association between marriage and first pregnancy age with height 
The OLS linear regression models show the associations of women’s height with their marriage 
age, and age at first pregnancy, adjusting for women’s education.  
 
 

Table 3 near here 
 
 
Table 3, Model 1 shows that relative to marrying at ≥18 years, marrying at 10-14 years was 
associated with a decrement in height, of -1.20 (95% CI -1.61, -0.79) cm, and marrying at 15 
and 16 years -0.97 (95% CI -1.41, -0.54) and -0.50 (95% CI -1.01, 0.00) cm respectively. The 
association of marrying at 17 years with height did not reach statistical significance (-0.49 cm, 
95% CI -0.99, 0.00, p=0.052). Model 2 shows that in comparison to having the first pregnancy 
at ≥18 years, women having their first pregnancy at <16 years paid the biggest penalty in 
height, of -0.87 (95% CI -1.21, -0.53) cm. First pregnancy between 16-17 years was also 
associated with lower height of -0.34 (95% CI -0.62, -0.05) cm.  
 
Model 3 shows that when considered in combination, early marriage at 10-14 years and 15 
years had a stronger negative association, at -0.99 (95% CI -1.48, -0.51) cm and -0.92 (95% CI 
-1.40, -0.44) cm respectively, with height, than early pregnancy. However, the independent 
negative association of early pregnancy at <16 years (-0.42 cm, 95% CI -0.84, 0.00) with 
shorter height shows it also mattered. Neither marrying nor first pregnancy at 16-17 years 
reached statistical significance. The decrease in the coefficients in Model 3 compared to 
Models 1 and 2 suggests these factors may be covariant, as shown by their correlation (0.62, 
p≤0.01).  
 
Model 4 shows that relative to uneducated women, primary, lower secondary and 
secondary/higher education were associated with increments in height of 0.88 (0.46, 1.29) cm, 
1.14 (0.64, 1.64) cm, and 1.56 (1.16, 1.97) cm respectively. Adjusting for these associations, 
the coefficients for early marriage and first pregnancy decreased, with first pregnancy not 
reaching statistical significance. Marrying at 10-14 years and 15 years were still independently 
associated with decrements in height of -0.58 (95% CI -1.07, -0.09) cm and -0.60 (95% CI -
1.08, -0.12) cm respectively.  
 
In summary, after adjusting for women’s education, early marriage and first pregnancy <16 
years accounted, in combination, for a decrement of ~1.4 cm in height. This 1.4 cm decrease 
is derived by adding the effect of ~-1.00 cm for early marriage and -0.42 cm for early pregnancy 
from Table 3, Model 3. There were no multicollinearity issues given the low VIF values (<1.6). 
 
For uneducated women only 
Next, we restrict our sample to the uneducated women only (N=5,054), as their height is 
entirely independent of any benefits of attending school. Table 4 shows the results were similar 
to the full sample, with the association of early first pregnancy on height (Model 2) appearing 
to work through early marriage, which was associated with shorter height (Model 3). Model 3 
shows that for uneducated women, marrying <16 years was associated with a -0.63 (95% CI -
1.25, -0.01) cm decrement in height.  
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Table 4 near here 
 
 

Adjusting for husbands’ education and marital household asset score  
We next consider whether these associations might be explained by selection effects, in other 
words, through certain types of husbands selecting both younger and shorter wives. As 
hypothesised, Table 2 showed that poorer men, and less educated men, tended to marry women 
when they were younger and also tended to pair with shorter women. We therefore further 
adjust Model 4 from Table 3 for husbands’ education level and marital household asset score 
(Table 5). Table 5, Model 1 shows that independent of these husbands’ traits, as well as 
women’s education level, women’s height remained significantly associated with both age at 
marriage and age at first pregnancy. Repeating this analysis among only the uneducated women 
reveals very similar findings (Model 2). 
 
 

Table 5 near here 
 
 
Table 5 Model 1 indicates that marrying at 10-14 years was associated with a decrement in 
height, of -0.56 (95% CI -1.05, -0.07) cm, and marrying at 15 years -0.60 (-1.07, -0.11) cm. 
First pregnancy <16 years was associated with a decrement in height of -0.41 (95% CI -0.83, 
0.00) cm. In comparison to Table 3 Model 1, the coefficients for women’s age at marriage and 
first pregnancy decreased slightly, and each was still independently associated with height, 
after adjusting for women’s education, their husbands’ education and marital household assets.  
 
In Model 2, the final adjusted model for uneducated women only shows marrying at 10-14 
years was associated with a decrement in height, of -0.58 (95% CI -1.19, -0.04, p=0.068) cm, 
and marrying at 15 years -0.66 (-1.28, -0.04) cm. First pregnancy <16 years was associated 
with a decrement in height of -0.47 (95% CI -0.95, 0.00, p=0.051) cm. In comparison to Table 
4, Model 3, the coefficients for marrying at 15 years increased slightly, and marrying at 10-14 
years and first pregnancy <16 years were no longer statistically significant.  
 
In summary, for the full sample, marriage and first pregnancy <16 years accounted, in 
combination, for a decrement of ~1.0 cm in height after adjusting for education and marital 
assets. This 1.0 cm decrease is derived by adding the effect of ~-0.60 for early marriage and    
-0.41 for early pregnancy from Table 5, Model 1. For uneducated women only, marriage at 15 
years and first pregnancy <16 years accounted, in combination, for a decrement of ~1.1 cm in 
height after adjusting for husbands’ education and marital assets. This 1.1 cm decrease is 
derived by adding the effect of -0.66 for early marriage and -0.47 for early pregnancy from 
Table 5, Model 2. There were no multicollinearity issues given the low VIF values (<1.7). 
 
Interactive associations of women’s height with their age at marriage and first pregnancy, 
stratified by husbands’ traits 
Figure 1 shows 3D plots of women’s height in association with either their age at marriage or 
their age at first pregnancy, stratified by husbands’ education level or household assets. 
(Figures 1a-d). (Tabulated values are provided in Supplementary Table S2). Overall, these 
plots help to visualise the difference between marrying early to an uneducated or poor man 
versus marrying later to an educated or wealthy man. They illustrate how both women’s age at 
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marriage and first pregnancy, and husbands’ traits (e.g. education and wealth), are 
independently associated with height. 
 
 

Figure 1 near here 
 
 

Figure 1a shows that on average, women who were married ≥18 years to a highly educated 
man were over 3 cm taller than women who married <15 years to an uneducated man. For any 
level of husbands’ education, later marriage was associated with taller height. However, the 
slopes did not differ across the different groups, and the interaction term was not significant in 
the linear regression model (i.e. the association of women’s height with her age at marriage or 
first pregnancy do not vary according to her husbands’ traits). The same pattern of results was 
apparent for the interactive association of women’s height with their age at marriage and the 
marital household asset score (Figure 1b), with their age at first pregnancy and their husbands’ 
education level (Figure 1c) and with their age at first pregnancy and the marital household 
assets (Figure 1d).  
 
DISCUSSION  
 
This paper investigated the independent associations of women’s early age at marriage and first 
pregnancy with their height, in a cohort of women from rural lowland Nepal. We found that 
shorter stature was independently associated with both early marriage and early pregnancy. 
These two factors accounted for a decrement of 1.4 cm in height, which decreased to 1 cm after 
adjusting for education and wealth.  
 
Whilst adult height is considered a highly heritable trait (Fisher, 2019; Perkins et al., 2016; 
Silventoinen et al., 2013), we found as hypothesised that broader bio-social factors also shape 
women’s height. Of particular interest, women’s early age at marriage and first pregnancy were 
independently associated with shorter height. Although our study could not test the potential 
mechanisms explaining the association of early marriage and shorter height, previous research 
suggests these may include: poverty and socio-cultural discrimination against women, which 
may impact on their nutrition and growth (Bajracharya & Amin, 2012; Subramanian et al., 
2011); chronic under-nutrition during adolescence, especially during pubertal development 
(Rah et al., 2008; Sear et al., 2004); and psychological distress related to early marriage 
(Chorghade et al., 2006; Clarke et al., 2014; Harris-Fry et al., 2018). Some of these mechanisms 
could account for why women are already both short and young when they marry, whereas 
others could account for a constraint on growth after marriage. Puberty may also be associated 
with marriage and first pregnancy age, although evidence on the timing of these events is 
inconsistent (Chari et al., 2017; Raj et al., 2015; Wells, Cole, et al., 2019). 
 
Beyond age at marriage, women who began reproduction at a young age also showed a small 
decrement in height. A potential mechanism could be the competition for nutrients between 
maternal and foetal development, as has been found in previous studies (Allal et al., 2004; Rah 
et al., 2008; Sear et al., 2004). From the perspective of evolutionary life history theory, 
maturation and growth may also be considered subject to a trade-off (McIntyre & Kacerosky, 
2011; Wells, Ness, Sear, Johnstone, & Stearns, 2017). Women’s reproductive fitness increases 
in association with height, however this is counter-balanced by the cumulative risk of mortality 
during the pre-reproductive period  (Allal et al., 2004). The optimal time for ceasing to grow 
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and starting to reproduce is therefore expected to represent a compromise between these 
variables, and it is then expected to vary in association with ecological conditions.  
 
Beyond trade-offs between growth and reproduction in women, maternal stress can also reduce 
the energy available for investing in growth, maintenance or reproduction (Diagne et al., 2000; 
Jasienska, 2009; Shukri et al., 2019). Indeed, consistent with work on younger age groups 
(Widdowson, 1951), our findings suggest that psychosocial stress is a plausible mechanism 
contributing to the association of early marriage with shorter height. However, shorter height 
may also indicate an overall constraint on food consumption, and hence reduced availability of 
energy for all life history functions.  
 
Given that height growth in adolescence is potentially substantial, and may also allow recovery 
from early growth faltering (Prentice et al., 2013), constraints on growth during this period 
may propagate long-term adverse effects on women’s health and their reproductive biology 
(Kozuki et al., 2015), as well as survival and growth of the next generation (Özaltin et al., 
2010). Both psychological stress and malnutrition are associated with higher oxidative stress, 
and both lower telomerase activity and shorter telomere length, which shape cell senescence 
and longevity, thereby promoting earlier onset of age-related diseases (Epel et al., 2004). 
Therefore,  women who marry and reproduce early are not simply shorter and nor are they 
healthy, because the process of ‘becoming shorter’ i.e. growth faltering, acts as a sign of a more 
fundamental harmful process for health (Wells, Briend, et al., 2019). 
 
Social selection may contribute to these associations, and we attempted to illustrate these issues 
using 3D plots. As expected, we found that men from households that had lower levels of 
wealth, or who had low levels of education, tended to marry women who were both young 
when they were married, and short. This indicates that part of the association between early 
marriage and short height may be explained by the poverty of both spouses, and reflects factors 
that influenced their linear growth before marriage. Consistent with this, we also found that 
uneducated women also had short height and tended to marry early, and these traits may reflect 
their natal household’s lower socio-economic status, or willingness to invest in building her 
knowledge. However, adjusting for these socio-economic variables, decrements in height were 
still evident in association with both early marriage and early age at reproduction. Our 3D plots 
also showed independent associations of height with age at marriage, or with age at first 
pregnancy, with husbands’ education or marital household wealth. Therefore, while social 
selection is certainly evident in our data, it does not fully explain the associations we detect, 
rather the two mechanisms appear to be independent. 
 
Women’s education and the timing of their marriage are likely to be closely related (Marphatia 
et al., 2020; Raj, McDougal, Silverman, & Rusch, 2014) and this relationship may be bi-
directional, although data on the timing of these decisions and events are usually not collected 
(Sekine & Hodgkin, 2017; Wodon et al., 2017). Moreover, there was no confounding of 
women’s education in the analysis of uneducated women, and the similar magnitude of the 
effect between the age variables and height of this group and the whole sample suggests the 
association of education with height is independent. Potential pathways include educated 
women being from wealthier and food-secure natal households, and experiencing better 
nutrition and growth in early life.    
 
Following the rationale of the discipline of anthropometric history (Komlos, 1991, 1994; 
Steckel, 1995), our study provides a new perspective on the lived experience of women in a 
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highly patriarchal society. Using height as an objective measure of health and living standards 
is crucial in the context of our study, because traditional measures of women’s empowerment 
generally do not apply in this population (Gram et al., 2017). Collectively, women’s shorter 
stature, lower education and earlier marriage are markers of their lower social status in both 
natal and marital homes. Whilst most studies of growth focus on infant nutrition and disease, 
we focus on women’s experience during adolescence, which is also a crucial period for growth 
and maturity (Viner et al., 2015).  
 
Although the magnitudes of effect that we describe in our study are relatively small, they 
indicate energetic stresses that affect large numbers of women in this population, given that 
37% of the population were married before 15 years and 20% had had their first pregnancy 
before 16 years. Other studies have also linked shorter maternal height with poorer health and 
lower human capital among both women and their offspring (Addo et al., 2013; Monden & 
Smits, 2009; Murasko, 2020; Özaltin et al., 2010; Sear et al., 2004; Subramanian et al., 2011). 
If the distribution of height is shifted downwards in the whole population only by 1 cm, the 
absolute number of women pushed into a high-risk group of short stature may still be 
substantial.  
 
Strengths of our study include large sample size. We also had data on age at marriage, which 
has not been collected in previous studies investigating associations between women’s age at 
first pregnancy and their height. Limitations include missing data, but these do not result in 
bias. There may be potential error and recall bias due to women not knowing their exact age, 
or having a birth certificate. Age-related variables were measured to the completed year, so 
there was a loss of resolution over finely-grained results, but we can nevertheless detect 
patterns robustly. We also lacked data on other factors that could potentially relate to women’s 
height such as their early growth patterns, age at menarche, and stressful life events; or their 
natal household assets and living environments. Some of these factors might reflect their 
mother’s own nutritional or social status, and reproductive behaviour. Other limitations include 
the lack of data on husbands’ age and height, without which we cannot establish the social 
aspects of short stature linked to early marriage relevant for both spouses. Data on these 
processes may explain a greater proportion of the variance in our results, potentially decreasing 
the magnitude of the effect of our explanatory variables. Our observational, cross-sectional 
study can investigate the factors associated with women’s height, but we cannot establish 
causality. 
 
Conclusion 
We found that early marriage and pregnancy were each associated with women’s shorter 
height, and in combination accounted for a decrement of 1.4 cm, with this difference decreasing 
to 1.0 cm after adjusting for husbands’ and wife’s education and marital household assets. 
Although the magnitude of the association of exposures with maternal height in individuals 
was small, these decrements indicate broader adverse effects on women’s metabolism during 
a sensitive period of development.  
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Figure legends 

Figure 1. 3D plots of interactive associations of women’s height with their (a) husbands’ 
education and women’s age at marriage, (b) marital household asset score and women’s age 
at marriage, (c) husbands’ education and women’s age at first pregnancy and (d) marital 
household’s asset score and women’s age at first pregnancy.   
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Independent associations of women’s age at marriage and first pregnancy with 

their height in rural lowland Nepal 

Revised Tables

Table 1. Descriptive statistics
Women aged 20-30 years

(N=7,146)
Dependent (outcome variable) Mean SD

Women’s height (cm) 150.4 5.4

Median IQR

Marital household asset score -0.41 2.4

Independent (predictor variables) Frequency %

Women’s marriage age (y)
  10-14 years 2,664 37.3
  15 years 1,769 24.8
  16 years 918 12.8
  17 years 904 12.7
  ≥18 years 891 12.5
Women’s age at first pregnancy (y)
  <16 years 1,407 19.7
  16-17 years 2,328 32.6
  ≥18 years 3,411 47.7
Women’s education level (y)
  None 5,054 70.7
  Primary (1-5y) 752 10.5
  Lower secondary (6-8y) 494 6.9
  Secondary or higher (≥9y) 846 11.8
Husbands’ education level (y)
  None 3,625 50.7
  Primary (1-5y) 923 12.9
  Lower secondary (6-8y) 1,024 14.3
  Secondary or higher (≥9y) 1,574 22.0

SD, standard deviation. IQR Interquartile Range.
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Table 2. Mean values, women’s height, age at marriage and first pregnancy by their 

education
Women’s height (cm)

(N=7,146)
Women’s age at marriage 

(y)

(N=7,146)

Women’s age at first 

pregnancy (y)

(N=7,146)
Women’s 
education (y)

n Mean SE Mean SE Mean SE

  None 5,054 150.0 0.08 15.0 0.03 17.5 0.04
  1-5 years 752 151.0 0.18 15.3 0.07 17.7 0.09
  6-8 years 494 151.3 0.23 15.6 0.08 17.7 0.10
  ≥9 years 846 151.9 0.18 16.7 0.07 18.7 0.08
p for trend <0.001 <0.001 <0.001
Husbands’ education (y)
  None 3,625 149.9 0.09 15.0 0.03 17.6 0.04
  1-5 years 923 150.3 0.18 15.1 0.06 17.6 0.08
  6-8 years 1,024 150.8 0.17 15.3 0.06 17.7 0.08
  ≥9 years 1,574 151.6 0.13 15.9 0.05 18.0 0.06
p for trend <0.001 <0.001 <0.001
Marital household asset score
  Quartile 1 1,816 149.5 0.13 15.1 0.04 17.5 0.06
  Quartile 2 1,771 150.4 0.13 15.2 0.04 17.6 0.06
  Quartile 3 1,758 150.6 0.12 15.3 0.04 17.7 0.06
  Quartile 4 1,801 151.3 0.13 15.6 0.05 17.8 0.06
p for trend <0.001 <0.001 <0.001

N, number; SE, standard error.
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Table 4. OLS Linear Regression, association of uneducated women’s height with their age 

at marriage and first pregnancy 
Model 1: 

Early marriage

(N=5,054)
 (Adjusted 
R2=0.002)

Model 2: 

Early pregnancy

(N=5,054)
(Adjusted 
R2=0.002)

Model 3: 

Early marriage and 

pregnancy 

(N=5,054)
(Adjusted R2=0.002)

β (95% CI) p-

value

β (95% CI) p-

value

β (95% CI) p-

value

Women’s marriage 
age (y): ≥18y

Reference Reference

  10-14 years -0.78 (-1.32, -0.24) 0.005 -0.54 (-1.16, 0.07) 0.085
  15 years -0.71 (-1.29, -0.13) 0.016 -0.63 (-1.25, -0.01) 0.046
  16 years -0.19 (-0.85, 0.46) 0.559 -0.16 (-0.84, 0.51) 0.635
  17 years -0.27 (-0.93, 0.40) 0.432 -0.26 (-0.93, 0.41) 0.445
Women’s age at first 
pregnancy(y):≥18y

Reference Reference

  <16 years -0.67 (-1.05, -0.28) 0.001 -0.44 (-0.92, 0.03) 0.069
  16-17 years -0.24 (-0.59, 0.10) 0.165 -0.07 (-0.46, 0.32) 0.734
Constant 0.18 (-0.31, 0.68) 0.460 -0.14 (-0.37, 0.08) 0.212 0.18 (-0.31, 0.68) 0.460

N, number. CI Confidence Interval. β (95% CI) are height differences in cm. Women’s height has been 
standardized for their age by taking the residuals from a regression of height as the dependent variable against 
age as the independent variable.
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Table 5. OLS Linear Regression of the association of women’s height with their age at 

marriage and first pregnancy, adjusting for husbands’ education and marital household 

assets
Model 1: All women 

(N=7,146)
 (Adjusted R2=0.024)

Model 2: Only uneducated 

women (N=5,054) 
(Adjusted R2=0.013)

β (95% CI) p-

value

β (95% CI) p-value

Women’s marriage age (y): ≥18y Reference Reference
  10-14 years -0.56 (-1.05, -0.07) 0.025 -0.58 (-1.19, 0.04) 0.068
  15 years -0.60 (-1.07, -0.11) 0.016 -0.66 (-1.28, -0.04) 0.036
  16 years -0.25 (-0.78, 0.27) 0.338 0.22 (-0.90, 0.45) 0.514
  17 years -0.36 (-0.86, 0.14) 0.162 -0.30 (-0.97, 0.36) 0.374
Women’s age at first pregnancy (y): ≥18y Reference Reference
  <16 years -0.41 (-0.83, 0.00) 0.050 -0.47 (-0.95, 0.00) 0.051
  16-17 years -0.08 (-0.40, 0.24) 0.623 -0.07 (-0.46, 0.31) 0.703
Women’s education (y): uneducated Reference na
  1-5 years 0.51 (0.08, 0.93) <0.0001
  6-8 years 0.58 (0.05, 1.10) <0.0001
  ≥9 years 0.68 (0.19, 1.17) <0.0001
Husbands’ education (y): uneducated Reference Reference
  1-5 years 0.17 (-0.22, 0.56) 0.388 0.25 (-0.19, 0.70) 0.262
  6-8 years 0.38 (-0.01, 0.77) 0.057 0.34 (-0.14, 0.82) 0.160
  ≥9 years 0.74 (0.34, 1.14) <0.001 0.92 (0.39, 1.45) <0.001
Marital household assets: First quartile 
(poorest)

Reference Reference

  Second quartile 0.68 (0.33, 1.03) <0.001 0.72 0.33, 1.11) <0.001
  Third quartile 0.74 (0.37, 1.10) <0.001 0.80 (0.38 1.21) <0.001
  Fourth quartile (richest) 1.13 (0.75, 1.52) <0.001 1.31 (0.85, 1.77) <0.001
Constant -0.49 (-0.92, -0.06) 0.026 -0.54 (-1.08, -0.01) 0.046

N, number. CI Confidence Interval. β (95% CI) are height differences in cm. Women’s height has been 
standardized for their age by taking the residuals from a regression of height as the dependent variable against 
age as the independent variable.
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