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ABSTRACT
Introduction Although boys tend to be more affected 
by linear growth faltering than girls, little is known about 
sex differences across distinct age groups. We aimed to 
compare sex differences in linear growth throughout the 
first 5 years of life among children from low- income and 
middle- income countries.
Methods We analysed 87 cross- sectional Demographic 
and Health Surveys and Multiple Cluster Indicator Surveys 
(2010–2019). Growth was expressed as height- for- age 
z- scores (HAZ) based on the 2006 WHO Growth Standards. 
Sex- specific means were estimated for each country and 
results were pooled through random- effects meta- analysis 
for all children and by 12- month age groups. Using linear 
regression, we assessed the association between sex 
differences in HAZ and gross domestic product as a proxy 
for national economic development.
Results Boys presented lower mean HAZ than girls in 
the first 30 months. Sex differences were mostly absent 
between 30 and 45 months, and in several countries, girls 
had lower HAZ at ages over 45 months. The pooled sex 
difference (boys minus girls) for the whole sample was 
−0.10 (95% CI −0.12 to −0.08). The difference was −0.17 
(95% CI −0.20 to −0.14) at 0–11 months and −0.22 (95% 
CI −0.25 to −0.19) at 12–23 months. This was followed 
by a narrowing of the sex gap to −0.10 (95% CI −0.13 
to −0.07) and −0.04 (95% CI −0.07 to −0.01) among 
children aged 24–35 and 36–47 months, respectively. 
At 48–59 months, there was evidence of female 
disadvantage; the mean height- for- age of boys was 0.02 
(95% CI 0.00 to 0.05) SDs higher than for girls. Ecological 
analyses showed that in all age groups, male disadvantage 
decreased with increasing national income, and this was 
no longer present for the 4- year- old children, particularly in 
wealthier countries.
Conclusion Male disadvantage in linear growth is most 
evident in the first years, but by the age of 4 years, the sex 
gap has mostly disappeared, and in some countries, the 
gap has been reversed.

INTRODUCTION
Globally, undernutrition affects more than 
144 million under- 5 children, representing a 
major public health problem.1 2 In addition 
to increasing the risk of short- term morbidity 
and mortality,3 4 undernourished children 

suffer long- term consequences, including 
short adult height, reduced intellectual devel-
opment and economic productivity, and low 
offspring birth weight.5 6

Key questions

What is already known?
 ► Linear growth faltering in early childhood has long- 
term negative consequences.

 ► When compared with children growing under opti-
mal circumstances, boys are more likely to present 
growth faltering than girls.

 ► Most studies failed to present the results by narrow-
er age groups.

What are the new findings?
 ► Up to about 30 months of age, boys were more likely 
than girls to present growth faltering in comparison 
to international standards, but male disadvantage 
tended to disappear in the fourth and fifth years of 
life.

 ► The gap reduced at ages 30–45 months in most 
countries, and in some, there was evidence of fe-
male disadvantage at later ages, however, the mag-
nitude of the differences varied by world’s region.

 ► The early male disadvantage pattern is most pro-
nounced in the poorest countries.

What do the new findings imply?
 ► Sex differences in child growth vary substantially 
with the age of children and from one country to 
another, highlighting the importance of sex- specific 
and age- specific analyses.

 ► In early life, male disadvantage reflects the biologi-
cal frailty of boys, and economic and cultural factors 
at the country level influence the sex gap in linear 
growth. Particularly in poor countries, where health 
and nutrition interventions are insufficient, the gap 
tends to be wide.

 ► Our results may support policies and programmes 
targeting child nutrition and health equity, taking into 
account the differences between boys and girls over 
childhood as well as considering geographical, so-
cioeconomic and cultural determinants of care and 
nutrition.
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Nutritional deficiency in early life is reflected by poor 
linear growth, which is usually identified by calculating 
a standardised difference between children’s heights 
(or lengths) and age- specific and sex- specific standard 
values and expressed as z- scores.7 The global standard is 
assumed to reflect the optimal growth of young children, 
being derived from a study in six countries of children 
whose families live under best- possible socioeconomic, 
nutritional, environmental and healthcare conditions. In 
addition to individual- level growth monitoring, the stan-
dard allows the anthropometric assessment of groups of 
children with different sex and age compositions, being 
widely used for cross- country comparisons.8

Growth faltering, usually identified by prevalence of 
stunting (height- for- age below −2 z- scores relative to 
the international growth standard) presents remarkable 
inequalities over the world. In 2020, more than half of 
all under- 5 children affected by stunting lived in Asia 
and about 40% lived in Africa.2 Socioeconomic factors 
also account for a large proportion of between- country 
variability in undernutrition, with stunting prevalence of 
34.6% in low- income, 29.1% in lower- middle and 10.8% 
in upper- middle- income countries.1 2

Sex differences in linear growth are well known, with 
mean height (or length) values for boys being higher 
than for girls.7 Nevertheless, when compared with the 
international sex- specific standards, boys from several 
low- income and middle- income countries (LMICs) tend 
to present a higher prevalence of stunting—or low height 
(or length) for age—than girls from the same popula-
tions.9 In other words, when compared with children 
growing under optimal circumstances, boys are more 
likely to present growth faltering than girls. This differ-
ence has been summarised in a meta- analysis including 
38 studies conducted up to 2020 that found higher odds 
of stunting for boys than for girls with a pooled OR of 
1.29 (95% CI 1.22 to 1.37).9 Such findings are apparently 
in contrast with reports that girls face gender discrimi-
nation in healthcare, which may result in poor health 
and possibly in a higher prevalence of undernutrition 
compared with boys.10 11

Although sex differences in the first 5 years of age have 
been described, most studies failed to break down results 
by narrower age groups,9 with a few exceptions.12 13 We 
compared sex differences in linear growth throughout 
the first 5 years of life using samples of children from 
a large number of LMICs, using 1- year age groups. We 
also assessed whether the sex and age patterns varied 
according to the region and country income levels.

METHODS
Data sources
The analyses were based on cross- sectional data from the 
most recent nationally representative surveys conducted 
in LMICs between 2010 and 2019 and for which anthro-
pometric measures were available. Demographic and 
Health Surveys (DHS) and Multiple Indicator Cluster 

Surveys (MICS) were used, which are designed to provide 
information on maternal and child health and nutri-
tion using multistage probabilistic sampling processes. 
Primary sampling units and households were drawn from 
geographical- based sampling frames that cover the full 
territory of each country. The study population is made 
up of samples of children aged 0–59 months born to 
mothers aged 15–49 years and alive at the time of the 
interview, including singleton and multiple births.

Measures
Child growth was measured as sex- specific length or 
height- for- age z- scores (henceforth referred to as HAZ) 
according to the 2006 WHO Child Growth Standards. 
The z- scores represent the difference between an indi-
vidual child’s value, in SDs, from the median of the refer-
ence population (which is standardised and set to 0 with 
an SD of 1.0). The measures were taken as supine length 
for children aged up to 23 months and standing height 
for children aged 24–59 months by trained personnel 
using infantometers and stadiometers, respectively. The 
measuring boards used to collect anthropometric meas-
ures included ShorrBoards, Seca 217, or locally manufac-
tured boards.

Child age was calculated by subtracting the date of 
interview from the date of birth reported in the ques-
tionnaire and treated as a continuous measure ranging 
from 0 to 59 complete months. For some analyses, age 
was treated as a categorical variable, grouped into five 
12‐month categories (0–11; 12–23; 24–35; 36–47; 48–59 
complete months). Sex was a binary variable (boys/girls).

The WHO Anthro software used for z- score calcula-
tions is available at http://www. who. int/ childgrowth/ 
software/ en/ (WHO Anthro for personal computers, 
V.3.2.2, 2011: Software for assessing growth and devel-
opment of the world’s children. Geneva: WHO, 2010). 
Following the WHO recommendations, standardised 
scores were considered valid when they were between −6 
and 6 SD; values outside this range were discarded.

Statistical analyses
Based on individual anthropometric measures, from 
each country database, we derived 120 mean HAZ values 
for each age in complete months (from 0 to 59), for 
boys and girls separately. These estimates were calcu-
lated accounting for the sample weights and multistage 
cluster sampling design of the surveys. Next, we regressed 
HAZ on age by sex using a local polynomial approach 
weighted for the population of under- 5 children from 
each country, fitting the predicted curve of the associa-
tion between HAZ and age.

Next, we estimated sex- specific country- level mean 
HAZ for the following six age groups: all children under 
5 years, and the five 12 month age groups described above. 
Then, the pooled mean HAZ by sex for each age group 
was estimated across all countries using random- effects 
meta- analysis, to account for the large heterogeneity 
between countries’ HAZ estimates, with the restricted 
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maximum- likelihood method.14 Based on the pooled 
means, the difference between boys and girls, expressed 
in SD, was also calculated in each age group using the 
same meta- analytical approach.

The meta- analyses were repeated for the seven Unicef 
regions: East Asia and Pacific (9 countries), Eastern 
Europe and Central Asia (14), Latin America and Carib-
bean (12), Middle East and North Africa (7), South Asia 
(6), Eastern and Southern Africa (17), and West and 
Central Africa (22).

We described the total number of countries in which 
the mean HAZ was lower among either boys or girls, for 
each of the age groups, along with the number of coun-
tries in which the sex difference was statistically signifi-
cant at the 5% level. We fitted linear regression models, 
which are equivalent to t- tests allowing for weighting and 
clustering, to estimate p values for the differences.

Lastly, we carried out country- level ecological analyses 
to assess the association between sex differences in mean 
HAZ (estimate for boys minus estimate for girls) and per 
capita gross domestic product (GDP, in current inter-
national dollars converted by purchasing power parity 
factor, natural log) using linear regression. National GDP 
estimates were obtained from the World Bank data repos-
itory,15 for the same year as the national surveys. The 
analyses were performed for all under- 5 children as well 
as for each of the five 12- month age groups.

All analyses were performed using Stata software, 
V.16.1 (Stata Statistical Software: Release 16, StataCorp).

Patient and public involvement
No patients or members of the public were involved in 
the design, analysis or reporting of this study.16 17

RESULTS
A total of 87 LMICs (41 DHS and 46 MICS) had data 
available on child anthropometric measures with sample 
sizes that allowed stratification by age in months and sex. 
The median survey year was 2014 (ranging from 2010 to 
2019) and the total number of under- 5 children ranged 
from 786 in Montenegro to 240 098 in India, resulting in 
a pooled unweighted sample of 824 643 children. A total 
of 35 710 children were excluded due to missing infor-
mation. Data sources, survey years, and sample sizes are 
presented in online supplemental etable 1.

As shown in figure 1, based on data from all countries, 
the mean HAZ for both girls and boys was below the 
median reference value for all age groups. The curves 
are close to the reference during the first months of 
life, but a steep decline is observed between six and 20 
months for both sexes. From 2 to 5 years, mean values 
in both sexes remained between 1 and 2 SD below the 
reference. ‘Bumps’ in the growth curves of boys and girls 
are observed around multiples of 12 months, most likely 
due to age heaping.

Girls presented a significant advantage over boys up 
to the age of 30 months, but the male disadvantage was 

gradually reduced so that from 30 to 45 months there 
was an overlap of the CIs for both sexes (figure 1). At 
ages 46–59 months, there was an inversion in the pattern 
when mean HAZ among boys tended to be higher than 
for girls, indicating a female disadvantage at older ages. 
Predicted values by age and the corresponding 95% CIs 
are presented in online supplemental etable 2.

Table 1 presents sex- specific mean HAZ and sex differ-
ences (boys minus girls) for each age group, based on 
random- effects meta- analyses from 87 LMICs. The 
pooled mean HAZ for the whole sample of under- 5 chil-
dren was −0.99 for boys and −0.90 for girls, with a signifi-
cant difference of −0.10 SDs (95% CI −0.12 to −0.08). The 
age- disaggregated estimates confirm the results shown in 
figure 1, illustrating the male disadvantage during the 
first 2 years of life. For children aged 0–11 months, the 
difference was −0.17 (95% CI −0.20 to −0.14), increasing 
to −0.22 (95% CI −0.25 to −0.19) for the 12–23 months 
group. This is followed by a reduction to −0.10 (95% CI 
−0.13 to −0.07) and −0.04 (95% CI −0.07 to −0.01) among 
children aged 24–35 and 36–47 months, respectively. The 
mean difference shows a shift from a male disadvantage 
to a female disadvantage pattern for children in the oldest 
group (48–59 months), when the difference among boys 
and girls was positive (0.02, 95% CI 0.00 to 0.05).

In table 2, we present the results according to UNICEF 
regions. Sex differences were consistent in all regions 
over the two first years of age (0–11 and 12–23 months), 
with lower mean HAZ for boys than for girls. For the 
24–35 months group, the differences between boys and 
girls were smaller than for younger children, reaching 
statistical significance only in Eastern and Southern 
Africa and in West and Central Africa. No other region 
showed significant differences, and in Eastern Europe 
and Central Asia, there was some evidence of female 
disadvantage. At 36–47 months, the significant female 
disadvantage was present in Eastern Europe and Central 
Asia and South Asia. For older children (48–59 months), 

Figure 1 Local polynomial predicted curves for mean 
height- for- age z- scores according to age in months, by sex. 
Pooled results for under- 5 children from 87 low- income and 
middle- income countries.
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the female disadvantage was observed in all regions 
except for the two sub- Saharan African regions.

In table 3, we present the number of countries with 
significant and non- significant sex differences in mean 
HAZ. For all under- 5, the mean HAZ was lower for boys 
than for girls in 72 of the 87 countries, with statistical 
evidence of a difference in 51 (70.8%) of these. In the 
remaining 15 countries, the mean HAZ was lower in girls 
than boys, but no significant differences were observed. 
These countries where mean HAZ for girls was lower than 
for boys included 9 out of the 14 countries in Eastern 
Europe and Central Asia, 3 out of 7 in the Middle East 
and North Africa, 1 out of 6 in South Asia and 2 out of 12 
in Latin America and the Caribbean.

When looking at differences according to age groups, 
the number of countries with male disadvantage 
decreased as children got older, whereas the number 
with female disadvantage increased with age (table 3). 
However, the statistically significant female disadvantage 
was only observed among children aged 36–47 months 
and 48–59 months.

As shown in figure 2, 11 countries presented signifi-
cantly lower mean HAZ for girls among 3- year- old and 
4- year- old children, namely Albania, Bangladesh, Guate-
mala, India, Iraq, Kazakhstan, Kosovo, Moldova, Peru, 
State of Palestine, and Tunisia. On the other hand, there 
were 11 countries with a significant male disadvantage at 
36–47 months (Angola, Burundi, Democratic Republic of 
Congo, Ethiopia, Gambia, Guinea, Kenya, Rwanda, Suri-
name, Timor- Leste and Zambia), and only one wsignifi-
cant male disadvantage at both 36–47 months and 48–59 
months (Kenya), as also presented in figure 2. In online 
supplemental efigure 1, we present sex differences by age 
groups for each of the 87 countries analysed.

Lastly, we examined whether age- specific and sex- 
specific differences in mean HAZ (boys minus girls) were 
associated with national GDP per capita. We used the 
GDP per capita as a summary measure for the economic 
and development level of the place in which children 
live. Figure 3 shows that in every age group, male disad-
vantage tended to decrease with increasing GDP (p≤0.03 
in all groups). In addition, the regression line intercepts 
increased with age, confirming that in many countries 
disadvantage for boys was no longer present among 

4- year- old children, particularly in wealthier countries 
(online supplemental etable 3 shows regression coeffi-
cients and p values). Online supplemental efigure 2 shows 
the HAZ by age and sex curves for countries according to 
quintiles of GDP per capita, confirming the importance 
of national wealth in growth faltering and, also, showing 
that sex differences in early growth are most marked in 
the poorest countries (poorest quintile I$797–I$2339; 
second quintile I$2348–I$3691; middle quintile I$3817–
I$7233; fourth quintile I$7244–I$12 592; richest quintile 
I$12 771–I$30 888).

DISCUSSION
Using a large cross- sectional dataset of children from 
87 LMICs, we explored sex differences in linear growth 
patterns throughout the first 5 years of life. Our results 
confirm earlier reports showing that relative faltering 
occurs mainly during the first 2 years, after which mean 
HAZ remains roughly parallel to the median of the 
growth standard.18 In addition, we show that boys tend 
to be shorter relative to the international standards than 
girls, particularly during the first 24 months. Thereafter, 
however, the male disadvantage was gradually reduced 
and disappeared around the age of 40 months in the 
pooled analyses, when growth faltering became more 
common among girls than boys.

Our results for all under- 5 children corroborate previous 
findings on sex differentials in stunting prevalence, which 
is usually higher among boys than girls.9 13 19 Nevertheless, 
we show that sex differences in linear growth vary with 
age, a finding that had been reported in Senegal13 but 
not in a study of 10 countries from sub- Saharan Africa.19 
To our knowledge, ours is the first multicountry study to 
report that sex- specific patterns of linear growth vary with 
the age of children. By including 87 of the 137 LMICs 
in the world, our is, so far, the most representative set of 
analyses available in the literature.

The relative disadvantage of young boys is in agreement 
with existing evidence on male vulnerability, especially 
during infancy,20 and may be explained at least in part 
as being due to immunological factors leading to higher 
incidence and severity of many infectious diseases21 
as well as sex- specific hormones, which cause higher 

Table 1 Mean height- for- age z- scores according to sex and mean sex difference (boys minus girls) by age groups. Pooled 
results from 87 low- income and middle- income countries.

Age group

Boys Girls Sex difference

Mean 95% CI Mean 95% CI Mean 95% CI

Total (0–59 months) −0.99 −1.12 to −0.86 −0.90 −1.01 to −0.78 −0.10 −0.12 to −0.08

0–11 months −0.45 −0.57 to −0.34 −0.28 −0.39 to −0.17 −0.17 −0.20 to −0.14

12–23 months −1.11 −1.25 to −0.98 −0.90 −1.02 to −0.77 −0.22 −0.25 to −0.19

24–35 months −1.23 −1.37 to −1.08 −1.13 −1.27 to −1.01 −0.10 −0.13 to −0.07

36–47 months −1.16 −1.30 to −1.02 −1.12 −1.25 to −0.98 −0.04 −0.07 to −0.01

48–59 months −1.02 −1.15 to −0.88 −1.05 −1.17 to −0.92 0.02 0.00 to 0.05
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Table 2 Mean height- for- age z- scores according to sex and mean sex difference (boys minus girls) by age groups and 
UNICEF region

Age group Region

Boys Girls Sex difference

Mean 95% CI Mean 95% CI Mean 95% CI

0–59 months East Asia and the 
Pacific

−1.01 −1.45 to −0.56 −0.92 −1.34 to −0.49 −0.09 −0.13 to −0.05

Eastern and Southern 
Africa

−1.47 −1.62 to −1.32 −1.29 −1.44 to −1.15 −0.18 −0.21 to −0.15

Eastern Europe and 
Central Asia

−0.15 −0.31 to 0.02 −0.17 −0.33 to −0.01 0.03 −0.02 to 0.08

Latin America and 
Caribbean

−0.69 −1.02 to −0.37 −0.62 −0.94 to −0.30 −0.06 −0.1 to −0.02

Middle East and North 
Africa

−0.79 −1.31 to −0.27 −0.74 −1.21 to −0.28 −0.04 −0.11 to 0.03

South Asia −1.35 −1.56 to −1.14 −1.32 −1.52 to −1.13 −0.03 −0.06 to 0.01

West and Central Africa −1.28 −1.41 to −1.15 −1.12 −1.24 to −1.00 −0.16 −0.18 to −0.13

0–11 months East Asia and the 
Pacific

−0.34 −0.77 to 0.10 −0.18 −0.57 to 0.22 −0.19 −0.29 to −0.09

Eastern and Southern 
Africa

−0.82 −1.02 to −0.63 −0.60 −0.79 to −0.42 −0.22 −0.27 to −0.16

Eastern Europe and 
Central Asia

0.18 0.04 to 0.32 0.33 0.23 to 0.42 −0.15 −0.25 to −0.06

Latin America and 
Caribbean

−0.31 −0.77 to 0.14 −0.18 −0.60 to 0.23 −0.12 −0.21 to −0.02

Middle East and North 
Africa

−0.27 −0.55 to 0.01 −0.14 −0.41 to 0.13 −0.13 −0.21 to −0.04

South Asia −0.77 −0.92 to −0.61 −0.64 −0.83 to −0.45 −0.14 −0.20 to −0.08

West and Central Africa −0.65 −0.77 to −0.53 −0.45 −0.55 to −0.35 −0.19 −0.24 to −0.15

12–23 months East Asia and the 
Pacific

−1.12 −1.57 to −0.67 −0.87 −1.29 to −0.46 −0.23 −0.33 to −0.13

Eastern and Southern 
Africa

−1.67 −1.84 to −1.5 −1.36 −1.51 to −1.20 −0.32 −0.37 to −0.27

Eastern Europe and 
Central Asia

−0.21 −0.41 to 0.00 −0.14 −0.31 to 0.03 −0.08 −0.15 to −0.01

Latin America and 
Caribbean

−0.86 −1.18 to −0.54 −0.61 −0.95 to −0.27 −0.23 −0.32 to −0.15

Middle East and North 
Africa

−0.83 −1.36 to −0.30 −0.63 −1.11 to −0.16 −0.20 −0.28 to −0.11

South Asia −1.45 −1.63 to −1.27 −1.36 −1.47 to −1.24 −0.16 −0.19 to −0.13

West and Central Africa −1.38 −1.49 to −1.27 −1.13 −1.25 to −1.01 −0.25 −0.29 to −0.20

24–35 months East Asia and the 
Pacific

−1.20 −1.65 to −0.74 −1.14 −1.55 to −0.73 −0.06 −0.12 to 0.01

Eastern and Southern 
Africa

−1.74 −1.88 to −1.60 −1.59 −1.74 to −1.44 −0.17 −0.21 to −0.12

Eastern Europe and 
Central Asia

−0.26 −0.46 to −0.07 −0.34 −0.53 to −0.14 0.07 0.00 to 0.15

Latin America and 
Caribbean

−0.85 −1.18 to −0.52 −0.79 −1.09 to −0.50 −0.03 −0.10 to 0.05

Middle East and North 
Africa

−1.01 −1.61 to −0.40 −0.95 −1.51 to −0.40 −0.06 −0.13 to 0.01

South Asia −1.58 −1.86 to −1.29 −1.56 −1.86 to −1.26 −0.03 −0.10 to 0.03

West and Central Africa −1.63 −1.79 to −1.47 −1.41 −1.55 to −1.26 −0.22 −0.25 to −0.18

Continued
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male susceptibility to undernutrition below the age of 
30 months.12 Hormonal factors include changing levels 
of testosterone throughout childhood, the dynamics of 
luteinising hormone and follicle- stimulating hormone, 
and the effect of Sertoli cell hormones, all of which show 
different sex patterns that may be related to linear growth 
faltering and occurrence of malnutrition.12

The higher prevalence of undernutrition among boys 
may be one of the pathways for their higher mortality, 
given that undernutrition accounts for 45% of deaths of 

under- 5 children globally.22 A recent study of sex- specific 
mortality in 80 LMICs23 confirmed the well- known male 
disadvantage in child survival.24 25

When interpreting the present findings, it is important 
to note that z- scores are calculated through a compar-
ison with the WHO Growth Standards, which are based 
on samples of children growing up under optimal condi-
tions.26 The interpretation of our results, thus, refers to 
the differences in linear growth among boys and girls 
from LMICs—where growth is restricted by suboptimal 

Age group Region

Boys Girls Sex difference

Mean 95% CI Mean 95% CI Mean 95% CI

36–47 months East Asia and the 
Pacific

−1.23 −1.70 to −0.76 −1.19 −1.65 to −0.72 −0.04 −0.12 to 0.03

Eastern and Southern 
Africa

−1.64 −1.81 to −1.48 −1.51 −1.67 to −1.35 −0.14 −0.19 to −0.09

Eastern Europe and 
Central Asia

−0.29 −0.49 to −0.10 −0.32 −0.57 to −0.07 0.08 0.00 to 0.16

Latin America and 
Caribbean

−0.81 −1.12 to −0.51 −0.80 −1.13 to −0.48 0.02 −0.04 to 0.07

Middle East and North 
Africa

−0.95 −1.58 to −0.33 −1.03 −1.60 to −0.46 0.07 −0.02 to 0.15

South Asia −1.51 −1.84 to −1.18 −1.57 −1.91 to −1.23 0.06 0.01 to 0.10

West and Central Africa −1.47 −1.64 to −1.30 −1.36 −1.52 to −1.21 −0.10 −0.13 to −0.07

48–59 months East Asia and the 
Pacific

−1.10 −1.55 to −0.65 −1.15 −1.61 to −0.69 0.06 0.01 to 0.11

Eastern and Southern 
Africa

−1.44 −1.60 to −1.27 −1.38 −1.54 to −1.22 −0.06 −0.11 to −0.02

Eastern Europe and 
Central Asia

−0.19 −0.42 to 0.04 −0.36 −0.59 to −0.14 0.18 0.12 to 0.24

Latin America and 
Caribbean

−0.67 −0.99 to −0.36 −0.72 −1.04 to −0.40 0.05 0.00 to 0.10

Middle East and North 
Africa

−0.88 −1.44 to −0.31 −0.96 −1.48 to −0.44 0.08 0.00 to 0.16

South Asia −1.45 −1.78 to −1.11 −1.48 −1.80 to −1.16 0.09 0.06 to 0.11

West and Central Africa −1.30 −1.46 to −1.14 −1.26 −1.41 to −1.10 −0.02 −0.06 to 0.01

Table 2 Continued

Table 3 Number of countries according to the existence of sex differences in mean height- for- age z- scores (HAZ) by age 
group

Age groups

Lower HAZ among boys Lower HAZ among girls

Total

Significant difference*

Total

Significant difference*

N % N %

Total (0–59 months) 72 51 72.2 15 0 0.0

0–11 months 77 30 38.9 10 0 0.0

12–23 months 78 51 65.4 9 0 0.0

24–35 months 61 24 39.3 26 0 0.0

36–47 months 53 11 20.7 34 5 14.7

48–59 months 37 1 2.7 50 9 18.0

*Statistical significance assessed by linear regression, p<0.05.
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nurturing care27—and populations with optimal growth 
patterns for both groups. Essentially, our results showed 
that the impact of suboptimal conditions in LMICs 
seemed to be more harmful to boys than to girls.

In turn, our finding that early male disadvantage is more 
marked in low- GDP countries than in wealthier countries 
supports the notion that under optimal environmental 
conditions—prevalent in higher- income countries—boys 
and girls would grow as well as the children on which the 
WHO standards were based. Although we did not include 
high- income countries in our analyses due to lack of 
standardised surveys, results for upper- middle- income 
countries with per capita GDP above US$12 770 show 
that boys and girls tend to grow in parallel with the WHO 
standards, only about 0.5 SD below the median value.

Although the male disadvantage in linear growth was 
reversed at around 36 months of age in most countries, 
only 11 of them showed significant female disadvantage 
at 4 years: 4 out of 14 from Eastern Europe and Central 
Asia (Albania, Kazakhstan, Kosovo, Moldova), 3 out of 
7 from the Middle East and North Africa (Iraq, State of 
Palestine, Tunisia), 2 out of 6 from South Asia (Bangla-
desh, India), and 2 out of 12 from Latin America and the 
Caribbean (Guatemala, Peru).

Gender bias against girls leading to lower healthcare 
utilisation, poorer nutrition and higher than expected 
mortality has been described by national or local studies 
in several Middle Eastern and South Asian countries 
where we identified male nutritional advantage in 
older children.28–33 Also, widespread son preference 
and gender- biased sex selection have been reported in 
parts of Eastern Europe and Central Asia since the early 
1990s.34 Thus, gender bias could explain why, once the 
early- life frailty of boys is overcome, these countries show 
better linear growth for boys than for girls after 3 years 
of age.

Significant male advantage among older children was 
not present in any of the 39 countries from Sub- Saharan 
Africa, where there is also no evidence of gender bias in 
under- 5 mortality.35 Consistently, 9 of the 11 countries 
where male disadvantage remained significant for chil-
dren aged over 36 months are from sub- Saharan Africa. 
The male disadvantage in nutrition has been consis-
tently reported from this part of the world,19 35 even in 
the absence of sex differences in preventive and curative 
health practices, such as breast feeding, vaccination and 
oral rehydration therapy.35 These results reinforce the 
hypothesis that early- life sex differences in linear growth 

Figure 2 Mean height- for- age z- scores by sex in countries with (left) significant female disadvantage among children aged 
36–47 months and 48–59 months and (right) significant male disadvantage among children aged 36–47 months and 48–59 
months. *Non- significant difference between boys and girls.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2021-007152 on 30 N

ovem
ber 2021. D

ow
nloaded from

 

http://gh.bmj.com/


8 Costa JC, et al. BMJ Global Health 2021;6:e007152. doi:10.1136/bmjgh-2021-007152

BMJ Global Health

are primarily due to biological factors, with boys being 
more vulnerable than girls.

Our study limitations include the fact that surveys 
were spread over ten years, age rounding and heaping 
(which may explain the ‘bumps’ in HAZ curves), and the 

difficulties in measuring length among infants. However, 
to affect our conclusions such errors would have to be 
differential for boys and girls. The same applies to our 
inability to take gestational age into account in the anal-
yses of growth in the first months of life, due to a lack 

Figure 3 Correlation between gross domestic product per capita (international dollar, PPP, logged) and sex difference in mean 
height- for- age z- scores (boys minus girls) by age groups. HAZ: height- for- age z- score.
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of reliable data on preterm delivery. Lastly, we are infer-
ring growth patterns from cross- sectional data in which 
each child was measured only once, which is a limitation 
affecting similar analyses of growth faltering patterns.18

Survival bias could also affect our interpretation. Given 
that undernourished children are more likely to die than 
those who are well nourished, and that mortality is higher 
for boys than for girls, surviving boys at 3 or 4 years of 
age may be better off in anthropometric terms than girls, 
partly explaining the inversion of the pattern. However, at 
least in some countries—such as those in Eastern Europe 
and Central Asi —mortality differences between under- 5 
boys and girls are too small in absolute terms for survival 
bias to affect our conclusions. In addition, the reversal 
from male to female disadvantage occurs at an age where 
mortality is low relative to that of younger children.

The strengths of our analyses comprise a large number 
of countries included and the high comparability among 
the surveys in terms of measurement protocols, sampling 
designs, and questionnaires. With over 800 000 children 
from 87 countries, this is the largest set of analyses on sex 
differences in linear growth of young children, allowing 
analyses by narrow age groups. In addition, rather than 
focusing on stunting prevalence that reflects children at 
the bottom part of the height- for- age distribution (HAZ 
≤2 SD), we reported on mean HAZ that includes all chil-
dren in the sample.

In conclusion, we were able to describe the patterns 
and magnitude of sex differences in growth faltering in 
children under the age of 5 years, providing evidence of 
male disadvantage in the first 2 years of life, followed by 
similar patterns for both boys and girls, or even female 
disadvantage at latter ages. Sex- specific vulnerability to 
undernutrition is rarely a consideration in the design 
of nutrition programmes or for the formulation of poli-
cies.9 Our findings are of special importance for policies 
and programmes targeting children’s well- being and 
survival, therefore, we reinforce the need for sex- and 
age- disaggregated analyses and reporting of nutrition 
estimates, which may lead to sex- specific interventions 
in national contexts, focusing on strategies that take into 
account the multifactorial nature of malnutrition. These 
should consider biological, social and economic aspects 
that might influence the child’s opportunity to thrive.
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eTable 1 – List of countries analyzed and corresponding survey years, data sources, 

and sample sizes. 

country year st source Ntotal 

Albania 2017 DHS 2610 

Algeria 2012 MICS 13726 

Angola 2015 DHS 7652 

Armenia 2015 DHS 1593 

Bangladesh 2019 MICS 22097 

Belize 2015 MICS 2418 

Benin 2017 DHS 13243 

Bhutan 2010 MICS 5838 

Bosnia and Herzegovina 2011 MICS 2153 

Burkina Faso 2010 DHS 6948 

Burundi 2016 DHS 6361 

CAR 2010 MICS 10243 

Cambodia 2014 DHS 4906 

Cameroon 2018 DHS 5167 

Chad 2014 DHS 11036 

Comoros 2012 DHS 2869 

Congo Brazzaville 2014 MICS 8729 

Congo Democratic Republic 2017 MICS 20885 

Costa Rica 2018 MICS 3207 

Cote d’Ivoire 2016 MICS 8949 

Egypt 2014 DHS 14678 

El Salvador 2014 MICS 7225 

Eswatini 2014 MICS 2638 

Ethiopia 2016 DHS 9626 

Gabon 2012 DHS 4143 

Gambia 2018 MICS 9718 

Georgia 2018 MICS 2022 

Ghana 2017 MICS 8797 

Guatemala 2014 DHS 12280 

Guinea 2018 DHS 4061 

Guinea Bissau 2018 MICS 7401 

Guyana 2014 MICS 2997 

Haiti 2016 DHS 6769 

Honduras 2011 DHS 10953 

India 2015 DHS 240098 

Iraq 2018 MICS 16355 

Kazakhstan 2015 MICS 5263 

Kenya 2014 DHS 20750 

Kiribati 2018 MICS 2143 

Kosovo 2013 MICS 1510 

Kyrgyzstan 2018 MICS 3436 

Lao 2017 MICS 11346 

Lesotho 2018 MICS 3141 

Liberia 2013 DHS 3863 

country year st source Ntotal 

Madagascar 2018 MICS 12444 

Malawi 2015 DHS 5726 

Maldives 2016 DHS 2528 

Mali 2018 DHS 9521 

Mauritania 2015 MICS 10058 

Mexico 2015 MICS 7855 

Moldova 2012 MICS 1669 

Mongolia 2018 MICS 5932 

Montenegro 2018 MICS 786 

Myanmar 2015 DHS 4636 

Namibia 2013 DHS 2643 

Nepal 2016 DHS 2445 

Niger 2012 DHS 5349 

Nigeria 2018 DHS 12391 

North Macedonia 2018 MICS 1257 

Pakistan 2017 DHS 4229 

Papua New Guinea 2016 DHS 4131 

Paraguay 2016 MICS 4419 

Peru 2018 DHS 23313 

Rwanda 2014 DHS 3816 

Sao Tome and Principe 2014 MICS 1944 

Senegal 2017 DHS 12055 

Serbia 2019 MICS 1190 

Sierra Leone 2017 MICS 11399 

South Africa 2016 DHS 1484 

South Sudan 2010 MICS 6073 

State of Palestine 2014 MICS 6939 

Sudan 2014 MICS 12422 

Suriname 2018 MICS 3390 

Tajikistan 2017 DHS 6037 

Tanzania 2015 DHS 10194 

Thailand 2019 MICS 12583 

Timor-Leste 2016 DHS 6667 

Togo 2017 MICS 4908 

Tonga 2019 MICS 1295 

Trinidad and Tobago 2011 MICS 1085 

Tunisia 2018 MICS 3287 

Turkey 2013 DHS 2792 

Turkmenistan 2019 MICS 3644 

Uganda 2016 DHS 5243 

Yemen 2013 DHS 14371 

Zambia 2018 DHS 9617 

Zimbabwe 2019 MICS 5965 
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eTable 2 – Predicted mean height-for-age z-scores and 95% confidence intervals by 

age in months and sex at the national level based on local polynomial smoothing. 

Age in months* Boys Girls 

0.0 -0.57 (-0.63; -0.52) -0.42 (-0.48; -0.36) 

1.2 -0.58 (-0.62; -0.53) -0.40 (-0.45; -0.35) 

2.4 -0.59 (-0.63; -0.54) -0.41 (-0.45; -0.37) 

3.6 -0.57 (-0.62; -0.53) -0.43 (-0.47; -0.39) 

4.8 -0.57 (-0.61; -0.52) -0.47 (-0.51; -0.43) 

6.0 -0.59 (-0.63; -0.55) -0.48 (-0.52; -0.44) 

7.2 -0.67 (-0.71; -0.62) -0.52 (-0.56; -0.48) 

8.4 -0.78 (-0.83; -0.74) -0.56 (-0.60; -0.52) 

9.6 -0.90 (-0.95; -0.85) -0.65 (-0.69; -0.61) 

10.8 -1.01 (-1.05; -0.96) -0.74 (-0.78; -0.70) 

12.0 -1.11 (-1.16; -1.06) -0.84 (-0.88; -0.80) 

13.2 -1.22 (-1.26; -1.17) -0.96 (-1.01; -0.92) 

14.4 -1.32 (-1.36; -1.27) -1.08 (-1.13; -1.04) 

15.7 -1.40 (-1.45; -1.36) -1.18 (-1.22; -1.13) 

16.9 -1.48 (-1.53; -1.44) -1.25 (-1.29; -1.20) 

18.1 -1.54 (-1.59; -1.49) -1.33 (-1.38; -1.29) 

19.3 -1.59 (-1.64; -1.54) -1.42 (-1.47; -1.37) 

20.5 -1.63 (-1.68; -1.58) -1.48 (-1.53; -1.43) 

21.7 -1.66 (-1.71; -1.61) -1.49 (-1.54; -1.44) 

22.9 -1.65 (-1.70; -1.60) -1.46 (-1.50; -1.41) 

24.1 -1.60 (-1.65; -1.55) -1.40 (-1.45; -1.35) 

25.3 -1.54 (-1.59; -1.49) -1.36 (-1.4; -1.31) 

26.5 -1.53 (-1.59; -1.48) -1.38 (-1.43; -1.33) 

27.7 -1.56 (-1.61; -1.50) -1.43 (-1.48; -1.38) 

28.9 -1.60 (-1.66; -1.55) -1.49 (-1.54; -1.44) 

30.1 -1.64 (-1.70; -1.58) -1.52 (-1.57; -1.47) 

31.3 -1.63 (-1.69; -1.57) -1.52 (-1.57; -1.48) 

32.5 -1.61 (-1.67; -1.55) -1.54 (-1.59; -1.49) 

33.7 -1.59 (-1.65; -1.54) -1.55 (-1.60; -1.50) 

34.9 -1.57 (-1.62; -1.52) -1.51 (-1.56; -1.46) 

36.1 -1.53 (-1.58; -1.48) -1.46 (-1.50; -1.41) 

37.3 -1.54 (-1.58; -1.49) -1.42 (-1.47; -1.38) 

38.5 -1.54 (-1.60; -1.49) -1.46 (-1.51; -1.41) 

39.7 -1.54 (-1.59; -1.48) -1.51 (-1.56; -1.46) 

40.9 -1.55 (-1.60; -1.49) -1.54 (-1.59; -1.49) 

42.1 -1.58 (-1.63; -1.52) -1.55 (-1.60; -1.51) 

43.3 -1.59 (-1.65; -1.53) -1.56 (-1.61; -1.51) 

44.6 -1.58 (-1.64; -1.52) -1.55 (-1.61; -1.50) 

45.8 -1.54 (-1.59; -1.49) -1.55 (-1.60; -1.50) 

47.0 -1.47 (-1.52; -1.42) -1.49 (-1.55; -1.44) 

48.2 -1.38 (-1.44; -1.33) -1.45 (-1.50; -1.40) 

49.4 -1.35 (-1.40; -1.30) -1.42 (-1.46; -1.37) 

50.6 -1.37 (-1.42; -1.32) -1.43 (-1.48; -1.38) 

51.8 -1.40 (-1.45; -1.35) -1.44 (-1.48; -1.39) 
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Age in months* Boys Girls 

53.0 -1.41 (-1.46; -1.36) -1.43 (-1.47; -1.39) 

54.2 -1.41 (-1.46; -1.36) -1.44 (-1.48; -1.40) 

55.4 -1.41 (-1.47; -1.36) -1.48 (-1.52; -1.43) 

56.6 -1.43 (-1.49; -1.38) -1.49 (-1.54; -1.44) 

57.8 -1.46 (-1.52; -1.40) -1.50 (-1.55; -1.45) 

59.0 -1.48 (-1.55; -1.41) -1.49 (-1.55; -1.42) 

 
Note: gray cells represent overlapping confidence intervals; bold text represents lower absolute HAZ among girls 
* Age values at which the local polynomial smoothing was calculated. 
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eFigure 1 – Sex difference in mean height-for-age z-scores (boys minus girls) by country and age groups. Countries are ordered from 
the lowest to the highest difference value. Negative values indicate that boys fared worse than girls. 
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* Statistically significant sex differences 
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eTable 3 – Linear regression coefficients for the association between sex 
differences in height-for-age z-scores (boys minus girls) and log-transformed 
GDP per capita. 

Age group Intercept Slope p value 

Total (0-59 months) -0.65 0.07 <0.0001 

0-11 months -0.52 0.04 0.03 

12-23 months -0.72 0.06 <0.0001 

24-35 months -0.87 0.09 <0.0001 

36-47 months -0.44 0.05 0.01 

48-59 months -0.58 0.07 <0.0001 
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eFigure 2 – Local polynomial predicted curves for mean height-for-age z-scores according to age in months by sex. 
Pooled results for under-five children from low- and middle-income countries divided into quintiles of GDP per capita (in 
current international dollars – I$). 
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