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using the newly developed WHO international growth
standard [18].

Second, analysis of this study was based on a single age
group (0–5 years) although growth and nutritional pro-
files are drastically changing over this period of time. For
instance, wasting is often peaking early in the second year
of life, while stunting is often increasing over the whole
age period. In a separate analysis we checked for differ-
ences in sex ratio in five different age categories (0–5
years), but no significant difference was found (data not
shown). Thus, the potential bias of having more boys in
older ages which could artificially increase the prevalence
of stunting in boys in the group was dispelled.

Third, several statistical tests were employed in the current
study thereby inflating the likelihood of finding spurious

associations. This limitation should be borne in mind
especially when making inferences based upon the
reported p-values.

Although there is paucity of studies which have systemat-
ically addressed differentials of sex with respect to health
inequality in the early childhood period, sex differences in
anthropometry with females having an advantage over
males have been previously reported [9-12,19,20]. Specu-
lation on the observed sex differences in these studies
mainly centres on behavioural patterns. For instance in an
extensive analysis of gender bias in undernutrition in sub-
Saharan Africa, Svedberg proposed that the slight anthro-
pometric advantage shown by girls, women, or both in
many countries may suggest a historical pattern of prefer-
ential treatment of females due to the high value placed
on women's agricultural labour [19]. On the basis of a

Forest plot of 16 studies indicating the excess of stunting prevalence in male compared to female childrenFigure 2
Forest plot of 16 studies indicating the excess of stunting prevalence in male compared to female children. The broken vertical 
line represents the odds ratio of the pooled results adjusted for child-age and individual study, with the confidence interval cor-
responding to the width of the diamond. The unbroken vertical line is at the null value (1) of the odds ratios (equivalent to no 
stunting difference between boys and girls).
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SEX DIFFERENCES BEGIN EARLY IN INFANCY 

The WHO HAZ decreased significantly with increasing age
(P < 0.001) and was lower for boys than for girls at 2 mo
(P = 0.035; Table 3). In addition, the WHO HAZ decreased
more rapidly by age for boys than for girls (P < 0.001; Table 3),
resulting in greater sex differences at older ages. The mean
WHOHAD and NCHS HAZ also decreased with increasing age
(P < 0.001 for both), and the means of boys decreased more
rapidly than those of girls (P < 0.001 and P = 0.026, respectively),
but there was no sex difference at age 2 mo (Table 3). The WHO
WHZ was not analyzed by using MLM because trends by age
were not linear.

Infant and young-child feeding. At 2–3 mo, more boys than
girls were fed CF in the past 24 h and during all 7 d of the past

week (P = 0.044 and P = 0.005, respectively; Table 4). Boys were
also more likely to be fed$2 meals in the past 24 h and $1 meal
on each day of the past week if fed CF in the past 24 h (P < 0.001
and P = 0.014, respectively). There were no sex differences in
infant feeding at 4–5 or 6–7 mo of age, but at 9–10 mo girls were
more likely than boys to have been fed CF in the past 24 h and on
all 7 d in the past week (P = 0.023 and P = 0.037, respectively;
Table 4). Beyond infancy, 95%of children had eaten CF in the past
24 h (Supplemental Table 2). The proportions of children fed $3
meals in the past 24 h and with a good appetite for CF increased
between their second and third years of life. None of these variables
differed significantly between boys and girls.

Height status in infancy by meal frequency in past 24 h. At
the ages of 2–3 and 4–5 mo, the WHO HAZ was considerably
lower for infants who had eaten either 2 or$3meals in past 24 h
than for those who had eaten 0–1meals (Table 5). There were no
significant differences in the mean HAZ by meal frequency at
either 6–7 or 9–10 mo.

TABLE 1 Characteristics of infants included compared with
those not included in analysis of nutritional status1

Included (n = 7319) Not included (n = 700) P 2

Sex 0.38
Boys 50.5 52.2
Girls 49.5 47.8

Year of birth 0.36
1990–1992 43.3 45.1
1993–1996 56.7 54.9

Birth facility3 0.002
Home 85.4 83.8
Dispensary 13.1 12.9
Hospital 1.5 3.3

Birth order 0.035
1–3 38.8 43.2
4–6 31.4 31.1
7–16 29.8 25.7

Size of village ,0.001
.1000 inhabitants 68.0 79.3
#1000 inhabitants 32.0 20.7

Maternal education 0.85
None 90.8 90.2
Primary 8.2 8.8
Secondary 1.0 1.0

Paternal education 0.38
None 88.3 86.3
Primary 9.4 11.4
Secondary 2.3 2.3

Economic level 0.08
1st tertile 35.2 32.3
2nd tertile 34.4 33.1
3rd tertile 30.4 34.5

Religion ,0.001
Muslim 77.3 87.8
Christian 21.0 11.8
Animist 1.6 0.5

Ethnicity 0.10
Serer 96.9 98.6
Fulani 1.1 0.5
Wolof 1.1 0.5
Miscellaneous 0.9 0.4

1 Values are percentages.
2 Differences between included and nonincluded infants by using chi-square tests.
3 Numbers of missing values were 180, 140, 129, 1038, 203, 321, and 330 for birth

facility, birth order, maternal education, paternal education, economic level, religion,

and ethnicity, respectively, among included children, compared to 10, 8, 25, 177, 21,

55, and 59, respectively, for children not included.

FIGURE 1 Age-specific stunting prevalence with 95% CIs for boys
compared with girls in rural Senegalese infants and young children by
using 2 different growth references. (A) 2006 WHO growth standards
(22). (B) National Center for Health Statistics growth reference (25).
n Values for age groups were as follows—2–3 mo: 3239 girls, 3302
boys; 4–5 mo: 3034 girls, 3143 boys; 6–7 mo: 2787 girls, 2808 boys;
9–10mo: 2478 girls, 2533 boys; 12–17mo: 114 girls, 121 boys; 18–23mo:
247 girls, 230 boys; 24–29 mo: 243 girls, 233 boys; 30–35 mo: 215 girls,
196 boys; 36–39 mo: 93 girls, 74 boys. *,**,***Comparisons between
boys and girls by using chi-square tests: *P , 0.05, **P , 0.01,
***P , 0.001.
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SEX DIFFERENCES 
SEEN ACROSS 

MALNUTRITION 
INDICATORS AND 
SEVERITY LEVELS

reaches its greatest proportion, especially in males, be-
tween 6 and 23 months. It is this period that the rapid
growth rate exposes children at greater risk conditions and,
moreover, it is very possible that they are also children of
malnourished mothers who cannot ensure an adequate
breastfeeding. In fact, pregnancy and the first two years of
the child, known as the 1000 critical days represent the
most sensitive period to food deprivation13. The increased
vulnerability of males in the youngest group, could be ex-
plained because the immune and the endocrine system ex-
hibit significant sex-especicific differences that appear con-
tribute to increased infectious diseases14. In this sense,
Webruge and Wingard15 report that during early childhood
boys have a worse health profile than girls, although this
trend would not stay in later ages, when the care of chil-
drens prevails over genetic factors16. On the other hand,
chronic malnutrition in both sexes is maximal between 24
and 47 months. This indicator represents an insufficient
food intake for an extended time. Therefore, it is logical
that it increase its percentage from two years of age, when

children begin to reflect the consequences of poor comple-
mentary nutrition after weaning.

Several authors have obtained similar results to ours in
terms of sex differences in child malnutrition, although the
hunger situation was not as rigorous as in the samples that
compose the present study. In a review developed by
Marcoux17 girls show low prevalence of wasting in multiple
studies conducted in different countries in America, Africa and
Asia, from 1987 to 2000. The above mentioned author found
only three countries where girls are more affected by low W/H
than boys (India, Jamaica and Venezuela). The same trend
was observed in the case of low H/A, where a study carried
out in China (among studies conducted in 25 countries) was
the only one with higher stunting in girls, possibly due to cul-
tural aspects. Furthermore, underweight was also found to be
more prevalent in boys than in girls, with the exception of
cases in China, India and Sri Lanka.

A study conducted in Malawi18 with children between one
and two years of age showed that the malnutrition-associated

131

NUTRICIÓN CLÍNICA Y DIETÉTICA HOSPITALARIA

Nutr. clín. diet. hosp. 2017; 37(4):127-134

Table 2. Prevalence of severe underweight (W/A< -3SD), severe wasting (W/H< -3SD) and severe stunting (H/A< -3SD) by sex and ge-
ographic location.

Cluster Sex
H/A < -3SD W/H < -3SD W/A < -3SD

Prevalence % P Prevalence % p Prevalence % P

Central
America

(N= 28177)

Male (50.90%) 17.10
< 0.001

0.90 < 0.05 6.00
< 0.001

Female (49.10%) 13.10 0.60 4.90

Central Asia
(N= 30461)

Male (50.60%) 32.50
< 0.001

3.70 < 0.001 16.60
< 0.001

Female (49.40%) 29.10 2.20 15.20

South Coast
of Asia

(N= 9526)

Male (51.10%) 27.50
< 0.001

4.10 < 0.001 15.40
< 0.05

Female (48.90%) 22.90 2.60 13.80

Sahel
(N= 164246)

Male (49.90%) 11.90
< 0.001

5.70 < 0.001 9.20
< 0.001

Female (50.10%) 8.90 3.70 6.40

West coast
of Africa
(N= 12757)

Male (49.90%) 23.50
< 0.001

2.60 < 0.05 9.10
< 0.001

Female (50.10%) 18.60 2.00 7.40

Central Africa
(N= 83279)

Male (50.50%) 32.00
< 0.001

2.30 < 0.001 11.40
< 0.001

Female (49.50%) 24.20 1.40 8.20

East Africa
(N= 38812)

Male (50.90%) 16.10
< 0.001

2.70 < 0.001 6.80
< 0.001

Female (49.10%) 12.00 1.70 6.10

All countries
(N= 67258)

Male (50.68%) 19.5
< 0.001

3.9 < 0.001 9.8
< 0.001

Female (49.32%) 15.0 2.5 7.3

Diez-Navarro Nutr. cli ́n. diet. hosp. 2017 



WHY DO WE SEE 
THESE 
PATTERNS? 

Differences in exposures

Differences in sensitivity

Differences in needs

Differences in care practices 



 

Figure 2.  Mean height-for-age z-scores by estimated household wealth per capita for the full sample (by 
age category and sex).  Shaded regions represent 95% confidence intervals around the mean HAZ for a 

given wealth category. The x-axis reflects the mean wealth of the binned wealth category. 
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CAUSES OF STUNTING: SOCIOECONOMIC STATUS

Hackman and Hruschka, 
under review



CAUSES OF STUNTING: 
ENVIRONMENTAL RISK FACTORSVilcins et al: Environmental Factors Associated with Child Stunting 557

Discussion
This review brings together a list of environmental risk 
factors that have been studied for their association with 
childhood stunting. We find that lack of sanitation, lack 
of waste disposal at the community level, dirt floors in 
domestic settings, mycotoxins in food, and the burning 
of solid fuels indoors have sufficient evidence to find an 
association with childhood stunting. Conversely, the iden-
tified literature did not allow for a conclusive finding of 
some classic environmental risk factors, such as lack of 
access to clean water. Given that the included papers do 
not allow us to infer whether association occurs indepen-
dently of nutritional status, we present a directed causal 
graph to show that the use of solid fuels and foodborne 
mycotoxins are environmental risk factors with the poten-
tial to directly affect child growth. Future research into 
environmental risk factors should control for nutritional 
intake, so that true effect of the environment can be 
 better understood.

Potential limitations of this review is the exclusion of 
reports not presented in English and the broad search 
terms, which may have resulted in the unintentional 
exclusion of studies. The heterogeneous nature of the 
included studies did not allow for statistical pooling of 
results. Considerable variation in study design was found 
between studies in each category. Much of this variation 
reflects the difficulty of conducting research into envi-
ronmental health, especially given that exposure data is 
piecemeal at best. The included studies that examined 
environmental settings all controlled for poverty markers; 
however, the specific variables used in each study varied. 
This reflects the differing markers of poverty in each spe-
cific context but makes comparison of confounders more 
difficult. The contributions – and thus the strength – of 
this review, is the global focus on childhood stunting and 
the wide range of environmental risk factors that were 
captured in the review.

Healthy environmental settings can protect a 
child’s development, whilst a setting with multiple 
 environmental risk factors puts a child at greater risk 
of stunted growth [99]. While stunting is slowly declin-
ing, the evidence is emerging that global climate 
change could reverse these gains and lead to increases 
in stunting. A recent paper exploring the effects of cli-
mate variations on child growth, found that changes 
in  temperature and rainfall lead to changes in stunt-
ing prevalence [100]. A model built to examine how 
changes in food availability under climate change 
would affect stunting, predicts an increase in  stunting 
in the region of 30–50% by 2050 [101]. The relation-
ship between climate, food security, and stunting was 
examined in a systematic review of 15 papers and 
found that 80% of the included studies found associa-
tions between climate and poor growth [102]. These 
papers demonstrate that understanding the role of the 
environment in childhood stunting is vital to protect 
children now and under a changing climate.

Conclusion
The results show that a diverse range of environmen-
tal risk factors are, to varying degrees, associated with 
stunting and demonstrates the importance of con-
sidering how the environment interacts with nutri-
tion. The environmental risk factors in this study all 
 comprise ‘unhealthy’ child environments. Reducing 
childhood stunting and maintaining these gains in the 
face of a changing climate require interventions aimed 
at reducing stunting to be comprehensive and integra-
tive in their consideration of the role of environmental 
risk factors.

Disclosure
The authors have no financial relationships relevant to 
this article to disclose.

Figure 2: Causal diagram of environmental risk factors and stunting.

Vilcins et al., 2018

Sex differences in exposures? 



INCOME-BASED SEX DIFFERENCES
Evidence for modification by income
­ In poorer households more boys were stunted than girls
­ No sex differences seen in more socio-economically better off households 

BMC Pediatrics 2007, 7:17 http://www.biomedcentral.com/1471-2431/7/17

Page 7 of 10
(page number not for citation purposes)

study of gender biases among the Mukogodo of Kenya,
Cronk [20] suggested that favouritism towards daughters
occurred as a result of lowered socio-economic status.
However, there are also studies that report greater social
valorisation of sons at the detriment of daughters [21],
including dietary discrimination [22], thereby dispelling
conclusions of a nutritionally advantaged position of
female over male children.

An alternative hypothesis of the cause of the difference is
a biological explanation. Epidemiological studies in
neonatology and in cohorts of pre-term infants and chil-
dren, depict both morbidity and mortality to be consist-
ently higher in males than females in early life, with the
differences persisting after adjusting for gestational age
and body size, and being more marked in the pre-term
subjects [23-26]. Aside from the specific sex-chromosome

Four examples of studies with male stunting being more pronounced in the poorest socio-economic group whereas among the least poor stunting is more or less equal in the 2 sexesFigure 3
Four examples of studies with male stunting being more pronounced in the poorest socio-economic group whereas among the 
least poor stunting is more or less equal in the 2 sexes.
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Differences in sensitivity

Differences in needs

Differences in care practices 



“MALE DISADVANTAGE” IN MORTALITY





DEVELOPMENTAL 
ORIGINS: GREATER MALE 
SUSCEPTIBILITY BEGINS 

IN UTERO

DiPietro and Voegtline, 2017, Neuroscience

https://www.sciencedirect.com/science/article/pii/S0306452215006958


SEX DIFFERENCES IN FETAL GROWTH AND 
PERINATAL OUTCOMES



SEX DIFFERENCES IN 
INFANT GROWTH

Boys: 
­ Greater birth weight and lean body mass at 
birth

­ Higher linear growth rate and longer at 1 
year

Girls:
­ Greater fat and % fat at birth
­ More peripheral pattern of subcutaneous fat 
deposition

Wright et al. BMJ 1996
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Table 16b. Summary of regression results; Stunting, all variables and sex interaction term 

Determinant of 
nutrtional status

Significance level Comment Gender difference
Higher risk for stunting 

(gender)
Significance level Comment

SES Yes ***

Statistically significant lower 
risk of stunting in wealth 

quintile 3, 4, 5 compared to 
quintile 1 (poorest)

No - -

Mother's education Yes ***
Childred of mother's with 

longer education have lower 
risk to become stunted

No - -

Birth order No - Yes Female **
Significant for children 
of birth order 3-5 and 6-

10

Preceding Birth 
Interval

Yes *** Small impact (< 1%) Yes Male ***
Small gender difference 

(< 1%)

Mother's age at first 
birth

Yes *** / *

Lower risk of stunting 
compared to age group 11-14; 
p<0.01 for 25-29 years of age, 
p<0.1 for 20-24 years of age 

No - -

Breastfeeding 
Duration

Yes ***

Due to incomplete data missing 
information regarding exclusive 

breastfeeding and solid food 
supplements, results should be 

interpret with caution

Yes Male **
Small gender difference 

(< 1%)

Polygamous 
household

Yes ***

Large impact variable, 
incraesed risk of stunting 

among children in polygamous 
households

No - -

Whether the child 
was wanted during 

pregnancy
No -

No statistically significant 
difference between "unwanted, 
"wanted later on" or "wanted"

No - -

Variable
Multivariate regression (pooled results) Multivariate regression controlling for all determinants with gender dummy (pooled results)

Vaidik and Wenzel, 2018 



EVIDENCE FOR SEX DIFFERENCES IN SENSITIVITY OF POSTNATAL 
GROWTH IS INCONCLUSIVE

TABLE 2. Znuestigations examining sex differences in the effects of environment on growth in height and weight 

Age 
range 

Source Area (years) Comparison Results-sex difference’ 

Dreizen et al. (1953) 

Hewitt et al. (1955) 

Chang et al. (1963) 

Alabama 

England 

China 

Douglas and Simpson (1964) Britain 
Ashcroft et al. (1966) Jamaica 

3-16 Children with and without 
“nutritive failure” 

2-5 Children with illnesses of 
different severity 

6-18 High and low SES 

7-15 High and low SES 
5-18 a. High and low SES 

Height differences greater for 
males; weight differences 
similar 

Height differences greater for 
miles2 

Differences similar for height; 
greater in weight for males 
after age 14 

Differences greater in females’ 
a. From ages 15-18 differences 

greater in males 
b. With U S .  (Stuart-Meredith) b. Differences nea ter  in males 

Frisancho et al. (1971) Costa Rica, 0-20 Children with high and low Absolute differences greater in 
Frisancho and Garn (1971a,b) Honduras, arm muscle area males; relative differences 

Martorell et al. (1975a,b) Guatemala 0-7 Children differing in days sick Differences similar 

Yarbrough et al. (1975) Guatemala 0-7 With US.  (Denver) Differences similar3 
Bogin and MacVean (1978) Guatemala 7-13 High and low SES Greater differences in male 

Guatemala similar’ 

with diarrhea 

height gain, weight gain 
differences similar 

Garn et al. (1978) US. blacks 0-8 High and low SES Differences greater for males 
in whites; similar in blacks 

Frisancho et al. (1980) Peru 6-14 Children differing in skinfolds Differences similar’ 

Graham et al. (1980) Peru 0-18.5 Urban and rural Differences greater for males 
Dewey (1980,1983) Mexico 2-4 With well-nourished Mexican Differences greater for females 
Abaheseen et al. (1981) Saudi Arabia 0-5 With U S .  (NCHS) Differences greater for females 
Chen et al. (1981) Bangladesh 0-5 With US .  (Harvard) Differences greater for females 
Malina et al. (1981) Mexico 6-14 Urban and rural Differences greater for males 
Martorell et al. (1984) Nepal 3-10 With US .  (NCHS) Differences similar 

‘Greater differences refers to cases in which the difference between the comparison groups is statistically significant for only one sex, or cases in which the percentage difference 
between the comparison groups is greater for one sex. 
‘Study considers only height differences. 
3Although the authors state that the differences are similar for the sexes, their Figure 3 suggests that the differences are greater for males from 6-9 months, and greater for females 
from 24-48 months. 

and whites 

and arm muscle area 



EVIDENCE FOR SEX DIFFERENCES IN SENSITIVITY OF 
POSTNATAL GROWTH IS INCONCLUSIVE

Stinson] SEX DIFFERENCES IN ENVIRONMENTAL SENSITIVITY 131 

HEIGHT 
m 

n 

Fig. 2. Comparison of the effects of wartime deprivation on growth of males and females. Based on data 
in Markowitz (1955). 

increases, particularly in height. In constructing Figure 2, males were considered to 
be more affected than females if they had greater percentage decrease or a smaller 
percentage increase in height or weight, and females were considered to be more 
affected if they had a greater percentage decrease or a smaller percentage increase 
in height or weight. For height, eight studies reported males more affected than 
females in the majority of age groups; two studies found the sexes equally affected; 
and only two studies found females with a greater deficit in most age groups. Of the 
total of 99 age groups compared, males were more affected than females in 53, 
females more affected than males in 36, and equal effects apparent in ten age 
groups. The difference is statistically significant (one-tailed sign test, P < .05). This 
statistic is probably somewhat inflated as some studies report on the same popula- 
tion of children measured at different points during the war. For weight, the effects 
on males and females are more similar. Six studies showed males as more affected, 
while five showed females as more affected. In one study the effects were equal. Of 
the 98 age groups compared, males were more affected in 51 and females in 46, with 
equal effects in one age group. 

These studies of growth retardation during World War I1 illustrate the variability 
evident in studies of postnatal growth under stressful conditions. Obviously, the 
type and magnitude of stress experienced during wartime was not constant from 
country to country or from year to year, but the hypothesis of greater male environ- 
mental sensitivity has generally been interpreted to predict that male growth should 
be more affected by any stress. Yet male growth retardation was greater than that 
of females in some countries (France, Italy) and less than that of females in others 
(China, Greece). These findings could be interpreted as evidence against the hypoth- 
esis of greater male environmental sensitivity. On the other hand, it is also quite 
possible that males and females did not experience the same degree of environmen- 
tal stress during wartime. 

The difficulties in interpreting studies of postnatal growth also are illustrated by 
the results of more recent investigations examining the general body growth of 
children exposed to nutritional and/or disease stress. The studies summarized in 
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SEX DIFFERENCES IN ENERGY REQUIREMENTS

the average requirements of individual infants and should
be determined from estimates of energy expenditure. The
database of TEE determined by DLW is now sufficiently
large to estimate average TEE during infancy. Body
composition measurements are available to estimate
energydeposition.Therefore, recommendations forenergy
intake of infants should be based upon measurements of
TEE and energy deposition. The 1985 FAO/WHO/UNU
recommendations are 10–32% higher than the total
energy requirements estimated here within and should be
revised.

Areas for further research

1. The number of available DLW studies on infants from
developing countries is limited and should be
expanded in normal-weight and IUGR infants. Further
studies are needed to confirm whether the increased
TEE observed in some settings is due solely to
differences in size and body composition or other
mitigating factors.

2. The DLW method provides a means of determining
the amount of energy expended in physical activity.
Physical activity levels consistent with normal
health and development of infants should be
described qualitatively and ethnographically across
cultures.

3. Physiological adjustments in physical activity and
growth in response to undernutrition should be
investigated with more recent technologies.

4. The effect of the quality of dietary protein, carbohydrate
and fat upon rates of weight gain, particularly during
recovery from malnutrition, should be explored.

5. Nutrient needs for rehabilitation of stunted children are
poorly understood. Special nutrient requirements for
catch-up linear growth require further research.

6. The number of studies on the effect of infection on
energy requirements of infants is limited, and should
be expanded to cover a broad range of infectious
agents of varying severity and duration.

7. Factors affecting the dietary intake that is necessary to
satisfy energy requirements should be explored,

Fig. 3 The 1985 FAO/WHO/UNU recommendations1 for energy intake of infants (kcal day21) vs. the proposed energy requirements for
boys and girls

Fig. 4 The 1985 FAO/WHO/UNU recommendations1 for energy intake of infants (kcal kg21 per day) vs. the proposed energy require-
ments for boys and girls

Energy requirements of infants 965
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MATERNAL PERCEPTION OF 
NEEDS
Mothers perceived that boys were hungrier than girls were. This 
perception was derived from the belief that boys are fussier as 
described in the following quotation: 
­ In comparison, the boys are big eaters! Boys cry because they 

want to breastfeed, and also because they are wet or want to be 
held. Boys are more demanding because they are boys! In 
comparison, we, the girls, the little women, well, we are calmer. 

Because boys were perceived to be hungry sooner and less 
satisfied, mothers perceived that their breast milk “runs out” for 
boys, saying:
­ “If it is a boy, the milk runs out. Boys breastfeed well, they 

breastfeed, now the girls do not finish [the breast milk], they 
breastfeed less.” 

Statistical analysis of DHS data

The analysis of the DHS growth data were confirmatory for
the hypotheses designed to replicate the findings from the
village data including the age intervals. For our overall in-
ference about the pattern of sex differences, we used the single
statistical test developed for the village data to avoid any
multiple testing on the DHS data set. The significance of the
differences of the differences would confirm our prediction for
the Guatemalan indigenous population.

Statistics were computed with the use of the Intercooled
Stata 9.2 statistical software package (StataCorp LP) (52). For
the DHS data, survey (svy in Stata) commands were used that
were appropriate for the analysis of survey data with clustering.
SEs of the means that were related to the estimation of sig-
nificances of differences between means were calculated for
table and figure presentations. One-tailed statistical signifi-
cance was set at P , 0.05 because the expected directions of
differences were specified beforehand.

RESULTS

Study 1: village ethnographic study

A common saying and recurrent theme in interviews con-
cerned gender differences. For example, women commonly said
“The man is the head of the woman.” Most women in the village
were expected to be submissive to men. Many women needed
the permission of their husbands to leave the household, even
when the husband was not physically present. The following
quotation is from a woman whose husband was in the United
States:

I ask. I have to ask his permission. As long as he is alive, I have
to ask permission. Because there is no way that I am going to
decide alone to do things. Now if I have to go to visit my parents,
well I have to ask, I am not in charge of myself, and even more now
that there is a telephone in the house. What if he calls? He calls
constantly, sometimes when I am not here and then he asks me
where I was! So I always tell him where I am going!

In the community, women’s passivity compared with that of
men was culturally attributed to innate differences between
sexes and thought to be observable even in early infancy. For
example, one respondent said, with respect to the differences in
the sounds of a male baby’s and a female baby’s cry, “The boy
cries with a strong voice. It is the same as when a man talks,
with a strong voice, and the woman with a soft voice. Well,
because it is a boy! Girl’s voice in fact is soft, less strong, or
what do you think? Men and women are not the same!”

As the ethnographic interviews progressed, an important
theme emerged. Mothers not only believed girls and boys were
innately different but also reported a pattern of perceived dif-
ferences in how they breastfed and how the children should be
fed. Mothers perceived that boys were hungrier than girls were.
This perception was derived from the belief that boys are fussier
as described in the following quotation:

Boys cry more. Yes, the girls are different. Girls cry because
they want to breastfeed or are wet, but they cry more because they
are wet. In comparison, the boys are big eaters! Boys cry because
they want to breastfeed, and also because they are wet or want to
be held. Boys are more demanding because they are boys! In
comparison, we, the girls, the little women, well, we are calmer.

Mothers also perceived that boys emptied the breast more
quickly and fully than girls did and demanded the breast more

FIGURE 1 Growth curves generated by plotting mean6 SE HADs (in
cm) for 6-mo age intervals of indigenous girls and boys with the use of
Totonicapán village data disaggregated by age group and sex. n values
for age groups were as follows: 0–5 mo, 6 girls, 10 boys; 6–11 mo, 11
girls, 12 boys; 12–17 mo, 4 girls, 10 boys; 18–23 mo, 16 girls, 6 boys; 24–
29 mo, 7 girls, 15 boys; and 30–35 mo, 16 girls, 6 boys. HAD, height-for-
age difference.

TABLE 1
Differences in mean HADs between girl and boy indigenous children aged 6–17 and 18–29 mo, Totonicapán village
data1

Age and sex n Mean HAD Girls minus boys, cm P . t2
Difference of the

differences P . t2

6–17 mo — —
Girls 15 23.51 6 1.133 2.98 6 1.48 0.025
Boys 22 26.49 6 0.95

18–29 mo — —
Girls 23 210.27 6 0.52 0.07 6 0.81 0.468
Boys 21 210.34 6 0.63

Difference of the differences — — — — 2.92 0.0438

1HAD, height-for-age difference.
2One-tailed test.
3Mean 6 SE (all such values).
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SEX DIFFERENCES IN FEEDING PRACTICES

Boys tend to be exclusively 
breastfed for shorter periods of time

Reasons mothers give for cessation is 
insufficient milk or infant appetite

Percentage of Infants FBF by Month

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8 9

Month
%

 F
BF

Male%FBF
Female%FBF

Thompson, 2017 



SEX DIFFERENCES IN COMPLEMENTARY FEEDING

available on the relation between growth and age at introduc-
tion of CF (30, 31). A recent cohort study of 756 Gambian
infants with frequent assessment of infant feeding patterns
showed no difference in HAZs at 6 or 12 mo between infants
exclusively breastfed for 6 mo compared with those with shorter
duration of EBF (32). Sex differences in duration of EBF were
not considered.

In the present study, 24-h recalls were used to define full
compared with partial breastfeeding because they are easy to
collect with minimal maternal difficulties in recall. This led to
some underestimation of the proportion of partially breastfed
infants because only 68% of 2- to 3-mo-old infants who had
eaten CF in the past 24 h had consumed such foods each day of
the past week. In a former study, 11% of 2-mo-old infants had
consumed CF in the past 24 h compared with 19% by using
since-birth recalls (P < 0.01) (14). In the analysis presented above,
boys were less likely than girls to be fully breastfed at 2–3 mo
regardless of the feeding indicator.

Sex differences in nutritional status might be explained by
biological differences that are independent of infant feeding
patterns, e.g., susceptibility to infectious diseases. The greater
risks of morbidity and mortality of boys in early life are poorly
understood. In Israel, boys were at excess risk of almost all
infectious diseases considered in the analysis, particularly for infec-
tions with a low rate of symptomatic disease (e.g., viral meningitis,
OR: 2.08; 95%CI: 1.87, 2.28) (33). The author suggested that this
pattern was due to a higher proportion of symptomatic to
asymptomatic infections in boys, prompted by a supposed higher
risk of relative immunodeficiency in boys than in girls.

Finally, sex differences in HAZs might partly be an artifact
because they vary widely according to the growth reference
chosen. Intriguing results were reported in a comparison of
3 growth references in very large cross-sectional datasets from
China (2). According to WHO standards, girls had a better
height status than boys from 6 to 24 mo, whereas the opposite
was true according to the British growth reference; the NCHS
reference provided mixed results. The author considered re-
sults of the British growth reference more reliable because
better nutritional status in girls than in boys seemed unlikely
considering the well-described sex discrimination against girls
in China. All 3 references showed higher growth faltering in
girls than in boys from age 6 mo. In Senegal, girls had a better
height status than boys at all ages, also according to the NCHS
reference, but differences were slighter than for WHO stan-
dards and nonsignificant in many age groups.

HAD has been used as an indicator of height status for the
analysis of catch-up from stunting, a purpose for which it is
considered superior to HAZ because SDs increase with increas-
ing age (34). The discrepancy in sex differences between HAZ
and HAD in our study was probably explained by the greater
SD for girls than for boys from 2 to 36 mo in the WHO
standard (by 0.1–0.2 cm) (35). Indeed, for a given HAD, HAZ
moves closer to 0 when SD increases, indicating that HAZ
becomes greater if it is negative. Therefore, height deficits of
boys compared with girls seemed more severe by using HAZ
than HAD. SD differences between boys and girls may also
partly explain discrepancies in HAZ sex differences between
WHO standards and the NCHS reference because SDs in the

TABLE 4 Complementary feeding in past 24 h and 7 d by sex and age in rural Senegalese breastfed infants1

Age, mo

$1 meal in
past 24 h

$2 meals in
past 24 h

CF all 7 d
in past week

CF all 7 d of past week among
those fed CF in past 24 h

Boys Girls P Boys Girls P Boys Girls P Boys Girls P

2–3 22.5 (888) 18.2 (888) 0.044 13.4 (882)2 8.2 (883) ,0.001 15.8 (880)2 11.2 (884) 0.005 73.9 (188) 61.6 (159) 0.014
4–5 40.4 (859) 36.6 (834) 0.11 19.3 (852) 16.7 (829) 0.16 29.8 (838) 27.2 (819) 0.24 76.4 (326) 76.4 (292) 0.99
6–7 68.8 (734) 68.7 (761) 0.97 32.0 (732) 31.9 (759) 0.97 61.1 (714) 62.9 (734) 0.46 89.3 (486) 92.8 (497) 0.06
9–10 85.8 (800) 89.5 (791) 0.023 47.9 (795) 51.7 (790) 0.14 81.2 (783) 85.1 (770) 0.037 94.9 (670) 95.1 (689) 0.91

1 Values are % (n). CF, complementary food.
2 Meal frequency in the past 24 h and 7 d were missing for several children because of maternal difficulties in recall.

TABLE 5 Mean HAZ by MF in the past 24 h and sex in rural Senegalese infants1

Age, mo

MF in past 24 h

P-MF P-sex (adjusted for MF)0 1 2 $3

2.0–3.9
Boys 20.49 6 1.13 (566) 20.51 6 1.26 (33) 20.94 6 1.41 (53) 21.25 6 1.16 (24) 0.001 0.39
Girls 20.42 6 1.10 (585) 20.56 6 1.24 (38) 21.19 6 1.36 (38) 20.80 6 0.97 (22) ,0.001

4.0–5.9
Boys 20.45 6 1.10 (352) 20.31 6 1.06 (106) 21.15 6 1.27 (63) 21.42 6 1.48 (39) ,0.001 0.12
Girls 20.40 6 1.02 (354) 20.33 6 1.08 (92) 20.63 6 1.09 (63) 21.08 6 0.98 (25) 0.004

6.0–7.9
Boys 20.67 6 1.19 (138) 20.67 6 1.16 (137) 20.87 6 1.42 (81) 20.98 6 1.18 (44) 0.34 ,0.001
Girls 20.60 6 0.95 (142) 20.38 6 0.97 (153) 20.37 6 1.11 (94) 20.72 6 1.13 (44) 0.07

9.0–10.9
Boys 21.18 6 1.24 (59) 21.06 6 1.11 (139) 20.91 6 1.21 (117) 21.07 6 1.19 (87) 0.51 0.005
Girls 21.01 6 0.97 (46) 20.78 6 0.96 (163) 20.77 6 1.00 (142) 20.84 6 1.13 (83) 0.52

1 Data are means 6 SDs (n). Differences in HAZ by MF and sex were tested for significance by using general linear models. HAZ was

computed according to WHO growth standards (22). HAZ, height-for-age z score; MF, meal frequency.
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MECHANISM: CYCLICAL MALNUTRITION AND 
INFECTION

experimental (and computational) approaches that together inform the 
design, execution and interpretation of human studies.

What is changing about what we eat?
Changes in dietary consumption patterns affect many aspects of human 
biology. To fully understand the determinants of nutritional status, we 
need to know what people are eating and how these diets are changing. 
Unfortunately, accurate information of this type is hard to obtain, and 
when available it generally covers a relatively limited time period. As 
a corollary, searchable databases that effectively integrate information 
obtained from the surveillance efforts of many international and 
national organizations (such as the World Health Organization, the UN 
Food and Agriculture Organization and the United States Department 
of Agriculture (USDA) Economic Research Service) are needed to 
monitor changing patterns of food consumption in different human 
populations. Analysis of USDA data that track the availability of more 
than 200 common food items between 1970 and 2000 shows that diets in 
the United States have changed in terms of both the overall caloric intake 
and the relative amounts of different food items (http://www.ers.usda.
gov/Data/FoodConsumption). Linear regression of total caloric intake 
over time shows that the average number of kilocalories consumed per 
day increased markedly over this 30-year period (R2 = 0.911, P < 10−15). 
This is consistent with estimates from the US National Health and 
Nutrition Examination Survey (NHANES), which indicate that adult 
men and women increased their daily caloric intake by 6.9% and 21.7%, 
respectively, during the same period10. If total caloric intake is analogous 
to ‘primary productivity’ in macro-ecosystems, in which primary 
productivity is used as a proxy for available energy, then increasing the 
amount of energy input from the diet would be predicted to affect the 
number of microbial species living in the gut of a single host, as well 
as the magnitude of the compositional differences that exist between 
different hosts or even different regions of a single gut (see ref. 11 for 
discussions about the mechanisms underlying productivity–species 

richness relationships in macro-ecosystems). Intriguingly, metagenomic 
studies of bacterial composition in the faecal microbiota of obese 
and lean twins living in the United States have shown that obesity is 
associated with decreased numbers of bacterial species4. Reductions 
in diversity could affect community function, resilience to various 
disturbances and the host immune system.

During the past 30 or so years, the North American diet has also 
shifted in terms of the relative contributions of different foods to total 
energy intake. Since 1970, two dietary ‘epochs’ can be distinguished 
based on the contribution of grains to overall calories (the mean 
increase in daily carbohydrate intake for men and women during this 
period was 62.4 g and 67.7 g, respectively10). The consumption of other 
food items has also changed: Spearman’s rank correlations between food 
availability and time, followed by adjustments of P values to reflect false 
discovery rates, show that the representation of 177 out of 214 items 
tracked by the USDA has increased or decreased significantly in US 
diets since 1970. For example, Americans now eat less beef and more 
chicken, and corn-derived sweeteners have increased at the expense 
of cane and beet sugars. Furthermore, methods of food modification 
and preparation have changed. Comparable data are needed for other 
countries with distinct cultural traditions, including countries in which 
people are undergoing marked transformations in their socio-economic 
status and lifestyles.

We know from metagenomic studies of the human gut microbiota 
and microbiome that early postnatal environmental exposures have an 
important role in determining the overall phylogenetic structure of an 
adult human gut microbiota. The assembly of the microbiota towards 
an adult configuration occurs during the first three years of life12, and 
features of the organismal and gene content of gut communities are 
shared among family members and transmitted across generations of a 
kinship4. We also know that dietary habits influence the structure of the 
human genome. For example, populations that consume diets high in 
starch have a higher copy number of the salivary amylase gene (AMY1) 
than those consuming low-starch diets13. We know that these habits also 
affect the gut microbiome. A wonderful illustration of the latter point 
is provided by a microbial β-porphyranase in Japanese populations. 
Zobellia galactanivorans is a marine member of the Bacteroidetes 
that can process porphyran derived from marine red algae belonging 
to the Porphyra genus. Homologues of porphyranase genes from 
Z. galactanivorans are present in the human gut bacterium Bacteroides 
plebeius and are prominently represented in the microbiomes of 
Japanese but not North American citizens. This finding led to the 
suggestion that porphyranase genes from Z. galactanivorans or 
another related bacterium were acquired, perhaps through horizontal 
gene transfer, by a resident member of the microbiota of Japanese 
consumers of non-sterile food, and that this organism and gene were 
subsequently transmitted to others in Japanese society14. Together, these 
observations lead to the notion that systematic changes in overall dietary 
consumption patterns across a population might lead to changes in the 
microbiome, with consequences for host nutritional status and immune 
responses. 

We also know, from work in gnotobiotic mice that have received 
human faecal microbial community transplants, that the relative 
abundances of different bacterial species and genes in the gut microbiota 
are highly sensitive to different foods3. Gnotobiotic mice containing 
defined collections of sequenced human gut symbionts or transplanted 
human faecal microbial communities could provide an approach for 
modelling the effects of different dietary epochs on the gut microbiota 
and on different facets of host biology. If the desired result is an account 
of the effects of individual food items or nutrients, then feeding the 
animals a series of defined diets, each with a different element removed 
or added, might be an appropriate strategy if the food ingredients for the 
epoch are known and available. If the focus is on the effects of overall 
differences in dietary habits within or between groups of humans, 
then diets should reflect the overall nutritional characteristics of the 
different groups and not merely be representative of a single individual. 
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Figure 1 | A schematic of the proposed relationships between the 
gut microbiota, the immune system and the diet, which underlie the 
development of malnutrition. Undernutrition is associated with several 
defects in the innate and adaptive immune systems, which, in turn, are 
associated with increased predisposition to diarrhoeal illnesses. Recurrent 
(enteric) infections predispose to macronutrient and micronutrient deficiencies, 
as well as impaired intestinal mucosal barrier function77. These factors lead to 
a cycle of further susceptibility to infection and worsening nutritional status. A 
confounding problem is that vaccines designed to protect children from certain 
pathogens (including enteropathogens) show poor efficacy in areas of the world 
where poor nutrition is rampant74. One testable hypothesis is that the microbiota 
contributes to disease risk and pathogenesis. Diet shapes gut microbial 
community structure and function, and the microbiota adapts in ways that 
promote nutrient processing; the ability of the microbiota to process a given diet 
affects the nutrient and energetic value of that diet. The microbiota and immune 
systems co-evolve: malnutrition affects the innate and adaptive immune systems 
as well as the microbiota. The microbiota acts as a barrier to enteropathogen 
infection; this barrier function may be disrupted by malnutrition, as well as 
by perturbations in immune system function. The microbiota affects nutrient 
processing by the host, including the expression of host genes involved in 
nutrient transport and metabolism.
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BIOLOGICAL FACTORS: GREATER MALE SUSCEPTIBILITY TO 
INFECTIOUS DISEASE

WHO, 2007



SEX DIFFERENCES IN IMMUNE FUNCTION



MECHANISMS: SEX CHROMOSOMES AND IMMUNE 
FUNCTION 
X chromosomes contain a larger number of 
immune-related genes
­ such as Toll-like receptors, multiple cytokine receptors, 

genes involved in T-cell and B-cell activity, and 
transcriptional and translational regulatory factors 

Having only 1 X chromosome associated with 
weaker immune response
­ Polymorphism of X-linked genes and cellular mosaicism 

for X-linked parental alleles may offer additional 
advantages by providing a more adaptive and 
balanced innate immune response



SEX HORMONE IMPACTS ON THE IMMUNE SYSTEM

Estrogen effects
Testosterone 
effects

Giefing-Kroll et al, Aging Cell, 2015, 14: 309-321 



SEX DIFFERENCES 
IN SEX STEROIDS 

IN INFANCY
Testosterone is significantly higher in boys 
before 6 months of age

Estradiol is significantly higher in girls after 
6 months of age



IMPLICATIONS OF SEX STEROID PRODUCTION 
Sex steroid production in infancy may underlie differences in growth 
and health outcomes

• Estrogen
• Promotes fat deposition
• Inhibits muscle synthesis
• Lowers metabolic cost of 

growth
• Enhances immune function
• Improves survival

• Testosterone
• Inhibits fat deposition
• Promotes lean body mass
• Increases BMR and 

metabolic cost of growth
• Dampens immune function 
• Associated with lower 

survival?
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SEX DIFFERENCES 
IN HEALTH CARE

maximum decline in sex ratios with consistently falling number
of girls over the last 50 years (figure 2) and currently stands at
an appalling 914 girls against a thousand boys. Comparing two
consecutive census data has revealed that ‘made-to-order preg-
nancies’ and ‘sex selection’ have increased over the last 10 years,
with an annual rate of 0.57%,23 in spite of two decades of

awareness and associated legislation.15 24–26 Community studies
have shown that urban educated families have the highest rates
for prenatal sex selection favouring a male child, and hence,
with improving educational standards and better access to
medical facilities this practice has increased.27 The data from the
sample registration system (2001 to 2007) have attributed 600

Figure 1 Analysis of WHO regional
estimates for 2008 for assessing
regional patterns of under-5 mortality
compared for male and female sex
across the world. Data reveal excess
female mortality in the Indian
subcontinent and parts of East Asia in
stark contrast to global trends.

Table 1 Original articles from Asia examining gender-related disparity in healthcare in paediatric populations, categorised by country,
presented chronologically

Country Authors (year) Type of study N Outcome

India Ganatra et al
(1994)62

Cross-sectional 456 In under-5 children, parents were willing to spend more, travel extra distances, seek
care from registered physicians for boys compared to girls

Griffiths et al
(2002)63

Retrospective 8892 No significant differences by gender in weight for age in the under-5 age group in
three Indian states

Borooah et al
(2004)64

Retrospective 4000 Children—Immunisation rate and likelihood of getting nutritious diet when the
mother is illiterate is 5% less in girls than in boys

Bhan et al (2005)65 Prospective 85 633 Children—Hospitalisation rates for diarrhoea, acute respiratory infections or other
febrile illness were significantly lower for girls

Sahni et al (2008)*
24

Retrospective 33 524(deliveries) Single hospital 11 decade review—Second child sex ratios if first born is girl, 716
females versus 1000 males

Asfaw et al (2010)12 Cross-sectional †60th Indian National
Sample Survey (NSS) data
set

Higher adjusted rate of hospitalisation for boys, higher outside borrowing/extreme
measures for boys versus girls for meeting hospitalisation expenditures

Ramakrishnan et al
(2011)13

Prospective 405 Lesser proportion of girls underwent recommended cardiac surgery for paediatric
congenital heart disease

Singh et al (2012)36 Cross-sectional ‡1972(1992–93), 3930
(2005–06)

Gender-based within-household inequality against females in immunisation—
Persistent but improved in the past 10 years

Nepal Pokhrel et al
(2005)53

Retrospective 8112 Children—Gender was a factor-determining choice of external care and choice of
bearing the expenditure required for treatment with a bias towards males, although
not statistically significant.

Bangladesh Dancer et al
(2008)66

Cross-sectional 5172 2004 Bangladesh Demographic Health Survey (BDHS) analysis—Better nutritional
status for males versus females, higher z-scores for height for age

Rousham et al
(1996)52

Prospective 1366 Height and weight for age—Less for females in landless, poor households

Mitra et al (2000)20 Prospective 496 In children, females more likely to die of severe diarrhoea, late presentation to
hospital

Pakistan Nuruddin et al
(2009)49

Cross-sectional 3740 Higher female versus male under-5 mortality, but not attributed to differential
healthcare-seeking behaviour

China Attane et al (2009)*
19

Retrospective †Census data—Multiple
years

Census data analysis—Proves existence of lethal healthcare neglect in females in
provinces of China

*Data not directly focusing on healthcare allocation, but significant due to large population-based studies exposing gender-based neglect of girls.
†Numbers not explicitly reported/census data sets.
‡Number of eligible households, two separate cross-sectional time points.

370 Khera R, et al. Arch Dis Child 2014;99:369–374. doi:10.1136/archdischild-2013-303889
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SEX DIFFERENCES 
IN CARE 

PRACTICES

We explored if mothers and fathers provided care differentially to children, without making a priori
predictions about whether or how sex-bias would vary between them. Previous research suggests that
mothers and fathers can differ in their sex-preference for children as well as in thecare they give to

Figure 2. Percentage of children reported to receive material resources in past 3 months and direct/physical care in past 2 weeks
from their biological fathers and mothers, by child’s sex. Resource provision is from alive mothers (n = 801; excluded: ‘refusal’, n = 1)
and non-co-resident fathers (n = 239; excluded: ‘don’t know’, n = 1); direct care is from co-resident parents only (mothers, n = 728;
fathers, n = 547); caring for sick children limited to children who had been sick in past 2 weeks (n = 215). Logistic regression analyses
show evidence of a difference in care provision by child’s sex (for washing, feeding and supervising) from fathers, but not mothers.
Odds ratios for each type of care are shown in Table 2.

Figure 3. Kaplan–Meier survival curves showing difference in overall breastfeeding duration between boys and girls with 95% con-
fidence intervals.
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Results from Tanzania 
suggest that fathers, but not 
mothers, preferentially care 
for sons

Hassan et al,,EvoluUonary Human Sciences (2019) 



SUMMARY: MULTIPLE FACTORS IMPORTANT IN 
DETERMINING SEX DIFFERENCES IN CHILD HEALTH

WHO 2008



Table 1. Effects of prenatal food and micronutrient supplementations on linear growth (16 anthropometric assessments) from birth to 54 months of age, stratified for sex of the

child (general lineal models, repeated-measure analyses)

Boys Girls

Randomized intervention No. HAZ mean (95% CI) pa

Stunting, mean %

(95% CI) pa No. HAZ mean (95% CI) pa

Stunting, mean %

(95% CI) pa

Food supplementation Early invitation (E) 439 !1.55 (!1.64, !1.46) 0.20 31.9 (28.6, 35.2) 0.01 400 !1.50 (!1.58, !1.42) 0.21 29.8 (26.5, 33.0) 0.31

Usual invitation (U) 405 !1.63 (!1.72, !1.54) 38.4 (34.9,41.8) 390 !1.57 (!1.66, !1.49) 32.1 (28.9, 35.4)

Micronutrient supplementation Fe30F 275 !1.50 (!1.61, !1.39) 0.06 32.5 (28.3, 36.7) 0.01 243 !1.52 (!1.63, !1.42) 0.80 31.1 (26.9, 35.2) 0.82

Fe60F 289 !1.58 (!1.69, !1.47) 32.5 (28.4, 36.6) 277 !1.52 (!1.62, !1.42) 30.0 (26.1, 33.9)

MMS 280 !1.69 (!1.80, !1.58) 40.3 (36.2, 44.5) 270 !1.56 (!1.66, !1.46) 31.8 (27.8, 35.7)

Interaction Food*micronutrients E-Fe30F 142 !1.44 (!1.60, !1.29) 0.70 28.8 (23.0, 34.7) 0.84 116 !1.51 (!1.66, !1.35) 0.58 31.2 (25.2. 37.2) 0.52

E-Fe60F 149 !1.57 (!1.72, !1.42) 30.3 (24.6, 36.0) 142 !1.44 (!1.56, !1.30) 27.0 (21.5, 32.4)

E-MMS 148 !1.63 (!1.78, !1.48) 36.5 (30.8, 42.2) 142 !1.55 (!1.69, !1.41) 31.1 (25.7, 36.6)

U-Fe30F 133 !1.56 (!1.72, !1.40) 36.2 (30.2, 42.2) 127 !1.54 (!1.69, !1.40) 30.9 (25.1, 36.7)

U-Fe60F 140 !1.58 (!1.73, !1.43) 34.8 (28.9, 40.6) 135 !1.60 (!1.74, !1.46) 33.1 (27.5, 38.6)

U-MMS 132 !1.76 (!1.91, !1.60) 44.1 (38.1, 50.2) 128 !1.58 (!1.72, !1.43) 32.5 (26.7, 38.2)

CI"confidence interval; HAZ"height-for-age z score; Fe30F"30-mg iron and 400-mg folic acid; Fe60F"60-mg iron and 400-mg folic acid; MMS"multiple micronutrient supplementation,

15 micronutrients including 30-mg iron and 400-mg folic acid.
aTest of between-subject effects.
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SEX DIFFERENCES IN RESPONSE TO INTERVENTION? 

Khan, Global Health Action, 2013



SUMMARY AND CONCLUSIONS
Stunting prevalence tends to be higher in boys across infancy and early childhood

Sex differences may derive from differences in exposure or sensitivity to those exposures but distinguishing biological 
vs. social factors is complicated

Sex differences in growth strategies beginning in utero may underlie these differences. 
Boys are larger, invest more in growth and have limited ability to respond to energetic limitations

Boys’ faster growth may also indicate that they are not receiving enough breastmilk and lead to earlier CF. In turn, 
early CF may lead to greater infectious disease. Coupled with boys’ lower immune function, this leads to a cyclical 
relationship between stunting and infectious morbidity

On a positive note, interventions may have stronger impacts in boys


