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Abstract
Objective: To assess the association between short maternal height and four types
of mother–child nutritional status groupings within Mexican households.
Design: We classified mother–child dyads into four groups: stunted child and a
non-overweight/non-obese mother (stunting-only), non-stunted child and an
overweight/obese mother (overweight-only), stunted child with an overweight/
obese mother (double-burden) and households with neither child stunting
nor overweight/obese mothers (neither-condition). We assessed the association
between maternal height and mother–child nutrition status using multinomial
logistic regression, controlling for socio-economic covariates.
Setting: Nationally representative cross-section of households from the 2012
Mexican National Health and Nutrition Survey.
Participants:Children<5 years of agewerematched to theirmothers, resulting in a
sample of 4706 mother–child dyads.
Results: We found that among children with stunting, 53·3% have an overweight/
obese mother. Double-burden was observed in 8·1% of Mexican households.
Maternal short stature increased the probability of stunting-only by 3·5% points
(p.p.) and double-burden by 9·7 p.p. (P < 0·05). The inverse association was
observed for overweight-only and neither-condition households, where the
probability of these outcomes decreased by 7·2 and 6 p.p. in households with
short-statured mothers (P< 0·05), respectively.
Conclusions:Womenwith short stature are more likely to develop overweight and
simultaneously have a stunted child than those who are not short-statured. Our
findings underline the challenges faced by public health systems, which have to
balance the provision of services for both an undernourished and increasingly
overweight/obese population.
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During the past few decades, there has been a worldwide
decrease in undernutrition and a concomitant increase
in overweight and obesity(1–3). These shifts occurred as a
result of nutrition and epidemiological transitions. As a
consequence, the burden of disease has shifted from
primarily infectious and vector-transmitted diseases
(associated with undernutrition) to non-communicable
diseases such as type 2 diabetes and hypertension, which
are associated with overweight and obesity(4). Previous
studies have found that as a country’s economy increases,
so too does an urban lifestyle among its population, leading

to reduced physical activity and increased consumption of
energy-dense foods(5). These factors help explain how
populations can experience increases in overweight
alongside persistent undernutrition(3,6–8), a situation that
is fairly common for many countries in Latin America(8–11).

Mexico has experienced a rapid and uneven nutrition
transition. With economic growth, stunting prevalence
has declined from 26·9% in 1988 to 13·6% in 2012(12).
Over the same time period, there was a 104% increase in
the combined prevalence of overweight and obesity
among adults, from 34·5% in 1988 to 71·2% in 2012(13).
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However, these processes have not occurred in an
even manner across Mexican states, regions(12,14,15) or
socio-economic groups(16). Within this context, there has
emerged a double-burden of malnutrition, frequently
defined as households with both stunted children and
overweight or obese mothers(4,16). This coexistence
poses challenges for health and nutrition policies as well
as the healthcare system. For instance, widespread public
programmes, such as conditional cash transfers that have
been effective in reducing some forms of undernutrition,
may have inadvertently contributed to obesity in some
settings(17–20).

Prior research in Mexico has identified household
characteristics such as living in the southern region and
rural residence as well as maternal factors such as lower
height, higher birth order, lower schooling and the
presence of central maternal adiposity to be positively
associated with child stunting(21,22). The fact that over
and undernutrition occur in the same household has given
rise to the hypothesis that conditions that were once con-
sidered opposite sides of a plateau might actually share
common causal factors such as a poor-quality diet(23),
physical activity or aspects of the social and cultural envi-
ronment(24). Household food insecurity (HFI) (an indicator
of poor household diet)(25) has been found to be positively
associated with both childhood stunting(26) and adult
overweight(27). Additionally, severe HFI has been found
to increase the risk of stunting in children with non-obese
mothers, but not among whose mothers are obese(28).

Another potential shared causal factor between child
stunting and maternal overweight is maternal height. In
low- and middle-income countries, maternal height is
inversely correlated with child stunting(29). Specifically,
previous research carried out in Mexico found that as
maternal height increases, the probability of having a
stunted child decreases(22). Evidence from Bangladesh,
Indonesia and Guatemala suggests that short maternal
height is associated with a higher risk of double-
burden(30,31). However, to our knowledge, no studies cur-
rently document such an association in Mexico.

In the current study, we construct mother–child
dyads(24,32,33) to assess the prevalence of different mutually
exclusive groupings of mother and child nutritional status
within the same household. These include: (1) households
that have a stunted child and a non-overweight/obese
mother (stunting-only); (2) those that have an overweight
or obese mother but a non-stunted child (overweight-only);
(3) those that have both a stunted child and an overweight
or obese mother (double-burden) and (4) those with nei-
ther a stunted child nor an overweight or obese mother
(neither-condition). We then test the association between
short maternal stature and these different mother–child
nutrition status groups, while controlling for important
confounders.

The current study adds several insights to the literature.
As discussed above, previous studies on double-burden in

Mexico either consider HFI(28) or maternal height(9,22) as
potential predictors of double-burden, but to our knowl-
edge, our study is the first to consider both factors simulta-
neously. Additionally, we construct fourmutually exclusive
categories of household nutritional status using the
mother–child dyad as the unit of analysis(4) and employ
multivariate statistical techniques to control for a number
of important potential confounders.

Methods

Data source
We performed secondary data analysis using the 2012
National Health and Nutrition Survey, a two-stage
probabilistic, national, rural, urban and state representative
survey(34). Data were collected from 50 528 households
across the 32 Mexican states between October 2011 and
May 2012(35).

Mother–child dyads are our unit of analysis. These
dyads are commonly used when assessing weight discord-
ance because it is assumed that mothers and children are in
closer contact and share more resources than do other
household members(4). We excluded 333 households
(3·1%) from the study because mothers did not live in
the household, had died or were not otherwise identifiable,
and 5405women because theywere not randomly selected
for anthropometric measures. Dyads were constructed by
matching children <5 years old to their non-pregnant
mothers aged 12–49 years with anthropometric data
(n 4764). The child’s age was reported by the mother
and no woman surveyed within this age range had more
than one surveyed child <5 years old. Finally, 58 dyads
(1·1%) were excluded because of missing HFI data. This
resulted in an analytic sample of 4706 mother–child dyads
(see online supplementary material, Appendix 1).

Outcome variable

Child nutritional status
Stunting was assessed using height and age measurements.
Height was assessed with a stadiometer with 1 mm preci-
sion(36). Height-for-age Z-scores for children 0–59 months
old were calculated according to WHO standards(37). The
range of valid scores included in the dataset was between
−6·0 SD and 6·0 SD(34). Children were categorised into
stunted (height-for-age Z-scores ≤ 2SD) and non-stunted
(height-for-age Z-scores ≥ −2 SD) according to WHO
cut-off points(38).

Maternal nutritional status
BMI of participants (kg/cm2) was assessed using height
and weight. Weight was assessed using a SECA scale
with 100 g precision and height with a stadiometer of
1 mm precision(36). For adolescent women (13–19 years
old) BMI-for-age Z-scores were calculated using WHO
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standards(39). BMI values outside the range of 10–58
were excluded from the primary data source. Adolescents
with Z-scores aboveþ1 SD and belowþ2 SDwere classified
as overweight and those with Z-scores above þ2 SD

were classified as obese. Based on their BMI, women
20–49 years of age were classified into the following
categories: underweight: BMI 10–18·49, normal weight:
18·5–24·99, overweight: 25–29·99 and obese ≥ 30(40).
Mothers classified as overweight or obese were assigned
a 1 or 0 otherwise.

Household nutrition status/types of mother–child
dyad
Based on the nutritional status of the child and the mother,
households were classified into four outcome categories:

• Households with a stunted child and non-overweight/
obese mother were classified as stunting-only.

• Households with a non-stunted child and overweight/
obese mother were classified as overweight-only.

• Households that had both a stunted child and an
overweight or obese mother were classified as
double-burden.

• Households that had neither a stunted child nor
an overweight/obese mother were classified as
neither-condition. This category was used as the
reference group in multivariate analyses.

Independent variable
Maternal height was available as the mother’s height
in cm. It was operationalised as a dichotomous variable.
Consistent with previous studies, a value of 1 was assigned
to mothers with height <150 cm, considered to be ‘short
stature’ in the Mexican population(22). A value of 0 was
assigned otherwise.

Control variables
HFI was assessed using The Latin American and Caribbean
Food Security Scale(41). This scale uses fifteen questions to
measure the perceptions of food access during the past
3 months that result from the availability of household
resources. It uses dichotomous questions to inquire on
the perceptions of worry, quality and quantity of available
foods. Positive response options were assigned a value
of 1 and 0 otherwise. The total summation score allowed
us to generate a categorical assessment of HFI using
pre-established cut-off values(41). Households with no
positive answers (score of 0) were considered food secure.
Households with members under 18 years of age and
1–5 positive answers or without members under 18 years
and a score between 1 and 3 were considered to have mild
food insecurity. Households were classified as moderately
food insecure when they had scores between 6 and 10 and
members under 18 years of age, and 4–6 positive answers
without members under 18 years old. Severely food

insecure households were those with members with
18 years and a score between 11 and 15, and those without
members under 18 years and 7–8 positive answers(41) (see
online supplementary material, Appendix 2). To assess
socio-economic status (SES), we used a pre-constructed
measure of well-being based on household characteristics
including household demographic structure, head of
household characteristics, infrastructure conditions, house-
hold assets, consumption patterns and marginality level.
The National Health and Nutrition Survey 2012 team used
principal component analysis on the list of items and
divided the resulting principal factor into quintiles(42).
Quintile 1 (Q1) represents the lowest (poorest) and
Quintile 5 (Q5) the highest possible level of SES. A dichoto-
mous variable was used to control for exposure to urban
environments. Urban localities were those with ≥2500
inhabitants and assigned a 1, and rural localities with
<2500 inhabitants were assigned a 0, as provided by the
primary data source. In order to control for regional varia-
tion, states were classified into four regions: South, North,
Centre andMexico City (classified as a region of its own due
to population density)(34). Maternal age was operational-
ised into three categories: 13–19, 20–35 and 36–49 years.

Statistical analysis
Data analysis was performed using Stata version 14·2(43)

and used the SVY command to incorporate sampling
weights and adjust for complex survey design effects.
We obtained means for continuous variables, proportions
(%) for categorical variables and linearised SE for both. First,
we analysed the entire sample and thenwe stratified results
by type of mother–child dyad. Then, we performed bivari-
ate analysis to assess overall statistical differences between
categories of household nutrition status using design-
corrected F tests and adjusted Wald tests to determine
statistical significance.

For multivariate analyses, we used amultinomial logistic
model (mlogit) to assess the probability of having stunting-
only, overweight-only and double-burden and compared
with those where neither-condition was observed. We first
estimated relative risk ratios (RRR) for maternal short stat-
ure (ref = non-short stature) with 95% CI adjusting for SES,
locality type, maternal age and region. Additionally, we
estimated the predicted probability of each outcome
category for households with and without maternal short
stature as well as the marginal effect (marginal effect at rep-
resentative values)(44). Both of these calculations adjusted
for the same covariates in the RRR estimation. To test
hypotheses, we used two-sided tests and P< 0·05 in all
statistical analyses.

Results

Out of the entire sample, 14·5% of children were stunted
while 63·4% of mothers were overweight or obese. We
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found that 390 (8·1%) households were double-burden,
5·7% were stunting-only, more than half were over-
weight-only (56·0%) and 30·2% had neither-condition.
The mean maternal height was 154 cm (with a SE of 0·30)
and 25·9% of the mothers had short stature. Mildly food
insecure households were most common, representing
44·0% of households, while severe HFI households were
the less frequent (10·5%). Mother–child dyads were evenly
distributed across SES categories and concentrated in
the Southern and Central regions (33·9 and 31·0%,
respectively). Mean maternal age was 28 years and there
were< 10% of adolescent mothers (Table 1).

More than half of the children with stunting had an
overweight or obese mother (53·3%). Of the remaining
children with stunting, 1·6% had underweight mothers
and 45·1% had mothers in the normal weight category.
Children who were not stunted had a higher proportion
of overweight or obese mothers (60·2%) and a lower
proportion of normal or underweight ones (38·6 and
1·2%, respectively) (Fig. 1).

Stratified results show statistically significant differences
across mother–child dyad types in mean maternal stature,
proportion of mothers with short maternal height,
locality type, SES, region and maternal age. Mothers in
double-burden households had the lowest mean stature
(149·9 cm) while those with neither-condition had the
highest (155·6 cm). Double-burden households had the
highest proportion of mothers with short stature (54·2%),
followed by stunting-only households (44·7%), overweight-
only (22·7%) and neither-condition households (20·2%).
We also observed that double-burden and stunting-only
households were mostly located in rural localities (32·4
and 45·9%, respectively), while overweight-only (24·3%)
and neither-condition were not (26·0%). Regarding SES,
neither-condition and overweight-only were equally
distributed across quintiles, while stunting-only households
and double-burden ones were mostly poorer and concen-
trated in Q1 and Q2 (70% of stunting-only were in Q1
and Q2, and about 50% of double-burden households were
in these categories). In terms of regional distribution,

Table 1 Nutritional status, socio-economic, demographic characteristics and nutritional status of the sample (n 4706)*

Variables n % Linearised SE 95 % CI

Child nutritional status
Stunted 660 14·5 1·19 12·29, 17·11

Maternal nutrition status
Underweight 72 1·6 0·29 1·12, 2·33
Normal weight 1585 35·0 1·02 32·94, 37·07
Overweight 1753 35·1 1·19 32·70, 37·51
Obese 1296 28·3 1·14 26·09, 30·71

Household nutrition status
Child stunting and maternal overweight/obesity (double-burden) 390 8·1 0·69 6·85, 9·66
Child stunting and non-overweight/obese mother (stunting-only) 270 5·7 0·66 4·48, 7·16
Overweight/obese mother and non-stunted child (overweight-only) 2659 56·0 1·19 53·56, 58·36
Non-stunted child and non-overweight/obese mother (neither-condition) 1387 30·2 0·99 28·24, 32·35
Short maternal height (<150 cm) 1367 25·9 1·68 22·61, 29·41
Maternal height (mean cm) 154·4 0·30 153·76, 154·97

Household food insecurity
Secure 1095 26·0 1·06 23·95, 28·26
Mild 2173 44·0 1·07 41·88, 46·23
Moderate 918 19·5 0·77 17·96, 21·06
Severe 520 10·5 0·55 9·39, 11·61

Location
Rural (<2500 inhabitants) 1834 26·7 4·72 18·28, 37·27

SES†
Quintile 1 1242 20·9 2·48 16·28, 26·32
Quintile 2 1097 21·0 1·05 18·97, 23·24
Quintile 3 938 19·2 0·85 17·50, 20·94
Quintile 4 800 19·9 1·37 17·24, 22·80
Quintile 5 629 19·1 1·78 15·73, 22·95

Region
North 1027 19·8 4·75 11·90, 31·20
Centre 1670 31·0 5·71 20·76, 43·57
Mexico City 185 15·2 7·97 4·89, 38·54
South 1824 33·9 5·72 23·43, 46·25

Maternal age
13–19 years 512 7·9 0·56 6·81, 9·08
20–35 years 3355 76·8 1·28 73·92, 79·12
36–49 years 839 15·5 1·00 13·58, 17·65

Maternal age (mean years) 28·5 0·15 18·17, 28·78

SES, socio-economic status.
*Used weighted data to adjust for the complex design of the survey.
†Quintile 1 is the lowest and Quintile 5 the highest level of SES.
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double-burden (45·6%) and stunting-only (45·4%) had the
highest concentration of pairs in the South, while neither-
condition households were concentrated in the Centre
(36·2%). Mothers in neither-condition households were
younger (26 years) than those in overweight-only, stunting-
only or double-burden ones (29 and 30 years) (Table 2).

Our multivariate analyses show that maternal short
stature (RRR = 3·5; 95% CI 2·50, 4·09) and severe HFI
(RRR = 1·7; 95% CI 1·04, 2·93) were positively associated
with double-burden, and that households in the Central
region were less likely to develop double-burden than
those in the South (RRR = 0·6; 95% CI 0·39, 1·21). Our
results also show that the relative risk of having double-
burden significantly increases with maternal age (Table 3).

Additionally, the relative risk of stunting-only was
positively associated with the presence of maternal short
stature (RRR = 2·3; 95% CI 1·51; 3·49) and rural residence
(RRR = 1·9; 95% CI 1·29, 2·65). SES was negatively associ-
ated with stunting-only (RRR = 0·6; 95% CI 0·34, 1·00). It
should be noted that rounding of the CI leads to an upper
limit of 1·00, meaning that the association between SES and
the presence of a stunted child with a non-overweight/
obese mother is fairly small in magnitude. We found
that households with mild HFI are more likely to have
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Table 2 Nutritional status, socio-economic and demographic characteristics by type of mother–child dyad (n 4706)*

Neither-
condition

Overweight-
only Stunting-only Double-burden

Pn % n % n % n %

n (%) 1387 30·2 2659 56·0 270 5·7 390 8·1
Maternal height (cm) <0·0000
Mean 155·6 154·7 151·0 149·9
SE 0·35 0·26 0·26 0·60

Short maternal height (<150 cm) 309 20·2 695 22·7 141 44·7 222 54·2 <0·0000
Household food insecurity 0·0772
Secure 367 30·0 606 25·3 53 21·5 69 19·9
Mild 637 42·6 1242 45·3 121 41·9 173 42·7
Moderate 247 18·4 511 19·1 59 23·4 101 23·3
Severe 136 9·0 300 10·4 37 13·2 47 14·2

Location 0·0001
Rural (<2500 inhabitants) 547 26·0 960 24·3 153 45·9 174 32·4

SES† <0·0000
Quintile 1 357 20·4 607 17·5 130 40·8 148 31·5
Quintile 2 330 20·7 602 20·6 53 20·8 112 25·1
Quintile 3 265 18·8 572 20·1 43 14·3 59 17·1
Quintile 4 227 17·9 508 22·6 25 13·1 40 13·5
Quintile 5 208 22·2 371 19·1 19 11·0 31 12·9

Region 0·0004
North 307 19·4 625 21·8 35 11·2 60 14·2
Centre 572 36·2 920 30·0 79 27·2 99 21·3
Mexico City 61 15·5 97 14·5 11 16·2 16 18·9
South 447 29·0 1017 33·7 145 45·4 215 45·6

Age <0·0000
13–19 years 236 13·0 191 4·5 54 15·6 31 5·6
20–35 years 1004 78·5 1890 75·7 184 73·0 277 76·7
36–49 years 147 8·4 578 19·5 32 11·4 82 17·7

Age (years) <0·0000
Mean 26·3 29·9 29·4 30·0
SE 0·4 0·2 0·6 0·4

SES, socio-economic status.
*Used weighted data to adjust for the complex design of the survey. Significance was assessed with two-sided P< 0·05.
†Quintile 1 is the lowest and Quintile 5 the highest level of SES.
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overweight-only (RRR = 1·3; 95% CI 1·00, 1·61) and so are
those in higher SES quintiles (RRR = 1·6; 95% CI 1·12, 1·33).
Also, dyads in the Central region and Mexico City are less
likely to be overweight-only than those in the South
(RRR = 0·7; 95% CI 0·53, 0·62 and RRR= 0·7; 95% CI 0·52,
0·82). Results also show that the RRR of overweight-only
increases with maternal age (Table 3).

Having maternal short stature significantly increases a
household’s probability of double-burden from 0·053 to
0·150, a change of 9·7 % points (p.p.) (P < 0·001) and from
0·04 to 0·075 (P= 0·019), a change of 0·035 in stunting-only
households. We observed an inverse association between
short maternal height and overweight-only and neither-
condition households, where the probability of these
outcomes was higher for women who did not have
short stature (an absolute change of −7·2 and −6·0 p.p.,
respectively) (Fig. 2).

Discussion

The current study estimated the prevalence of double-
burden – households with child stunting and maternal
overweight or obesity – and assessed whether mothers

in double-burden households were more likely to be of
short stature. Our results are consistent with previous esti-
mations: the prevalence of double-burden households in
Mexico was above 8%(16), and the prevalence of house-
holds that have maternal overweight but not child stunting
was greater than that of households without either
condition.

The prevalence of double-burden households in
Mexico was below than the prevalence of this phenome-
non in lower middle-income Latin American countries such
as Guatemala(30,45,46), Ecuador(47) and Honduras(48), but
was higher than in higher middle-income Latin American
countries such as Colombia(24,49), Brazil(50,51) and Peru(48).
This could be due to the widespread prevalence of adult
overweight and obesity in Mexico (63·4% of mothers in
our sample), while< 6% of households were stunting-only.
Overweight-only households were observed evenly across
SES levels, while stunting-only households were found
almost exclusively in the lowest SES levels and in rural
localities.

Another major finding is that more than half of the
children (53%) with stunting had an overweight or
obese mother. Of the remaining 47% of stunted children,
< 2% had mothers with low weight and 45% were in the

Table 3 Relative risk ratios (RRR) and 95% CI of the factors associated to households with child stunting and maternal overweight
(double-burden), households with child stunting and non-maternal overweight/obesity (stunting-only), households with a non-stunted child
and maternal overweight/obesity (overweight-only) compared with households with a non-stunted child and a non-overweight/obese
mother (neither-condition) (n 4706)†‡

Double-burden Stunting-only Overweight-only

RRR 95 % CI RRR 95 % CI RRR 95 % CI

Non short-maternal height (≥150 cm) – – –
Short maternal height (<150 cm) 3·5*** 2·50, 4·09 2·3*** 1·51, 3·49 1·1 0·83, 1·41
Household food insecurity
Secure – – –
Mild 1·3 0·85, 2·00 1·1 0·75, 1·66 1·3* 1·00, 1·61
Moderate 1·4 0·88, 2·19 1·3 0·70, 2·31 1·2 0·88, 1·60
Severe 1·7* 1·04, 2·93 1·4 0·68, 3·12 1·4 0·95, 1·90

Location
Urban (>2500) – – –
Rural (<2500) 1·1 0·77, 1·50 1·9** 1·29, 2·65 1·0 0·79, 1·13

SES§
Quintile 1 – – –
Quintile 2 1·1 0·73, 1·55 0·7 0·42, 1·15 1·3* 1·01, 1·62
Quintile 3 0·9 0·50, 1·52 0·6* 0·34, 1·00 1·4* 1·02, 1·82
Quintile 4 0. 8 0·48, 1·28 0·7 0·32, 1·32 1·6** 1·12, 1·33
Quintile 5 0·6 0·35, 1·10 0·5 0·21, 1·16 1·0 0·78, 1·33

Region
South – – –
North 0·0 0·58, 1·21 0·7 0·40, 1·27 0·9 0·75, 1·19
Centre 0·6** 0·39, 1·21 0·8 0·47, 1·19 0·7*** 0·53, 0·82
Mexico City 1·1 0·74, 1·60 1·3 0·63, 2·82 0·7* 0·52, 0·82

Age
13–19 years – – –
20–35 years 2·4** 1·37, 4·09 0·9 0·55, 1·37 2·9*** 2·14, 3·87
36–49 years 4·6*** 2·30, 9·41 1·0 0·50, 2·09 6·5*** 4·32, 9·89

RRR, relative risk ratio; SES, socio-economic status.
†Showing adjusted RRR with 95% CI in parentheses from multinomial logistic regression model comparing double-burden, stunting-only and overweight-only households to
those with neither-condition.
‡Used weighted data to adjust for the complex design of the survey.
§Quintile 1 is the lowest and Quintile 5 the highest level of SES.
*P< 0.05; ** P< 0.01; *** P< 0.001.
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normal weight category. A possible explanation for this
result is that low weight households tend to have income
that is insufficient to increase their BMI(9), while the normal
weight group might be at-risk of becoming overweight.
Even though formal forecasting is beyond the scope of
this paper, it is possible that if increasing adult overweight
trends(52) continue, all children with stunting could
have overweight or obese mothers and therefore live in
double-burden households. This situation merits further
exploration and should be monitored.

Short maternal height was observed in 25% of our
sample, in more than half of double-burden households
and 45% of stunting-only households. Moreover, results
from our multinomial logistic regression showed that in
households with short maternal height, the likelihood
of having stunting-only is twice than that of having
neither-condition, consistent with previous studies in
Mexico(9,22). Specifically, there is a 3·5 p.p. (P-value= 0·019)
difference of being stunting-only between households with
and without maternal short stature. More importantly, the risk
of double-burden increases by 9·7 p.p. (P-value <0·000)
when the mother’s height is below 150 cm. The opposite
association is observed for households that are overweight-
only, where maternal short stature decreases the probability
of overweight-only by 7·2 p.p. (P-value= 0·007) and of
having neither-condition by 6%p.p. (P-value= 0·014).
Having short height not only puts the mother at higher risk

of overweight or obesity but also her child at higher risk
of stunting. This is consistent with prior studies which have
found that maternal short stature increases the risk of double-
burden in Indonesia(31), Guatemala(30,46) and Brazil(51).

A possible explanation for our findings can be found in a
growing body of literature which supports that maternal
short stature has adverse short- and long-term conse-
quences on child development. For example, in some
low- and middle-income countries, maternal short stature
has been negatively associated with small-for-gestational-
age, preterm births(53), child growth patterns(29,54,55) and
increased risk of infant mortality(29). Additionally, prior
studies have identified that child undernutrition during
the first years has an important influence on adult health out-
comes such as obesity and non-communicable diseases(1,56)

and that individuals with poor fetal growth or stunting in the
first years of life aremore likely to gain excessiveweight dur-
ing adolescence, placing them at higher risk of nutrition-
related diseases(57). Furthermore, poor nutrition in early
childhood could be an important driving factor behind
obesity in low- and middle-income countries(10,57). In that
vein,within a dyadic context,maternal height becomes a sig-
nificant predictor of maternal and child nutritional status,
possibly reflecting the transmission of disease burden
acquired by the mother during her early childhood.

Our results underline the importance of continuing to
invest in prenatal care and early childhood development

Fig. 2 Predicted probabilities and marginal effect of maternal short stature on mother–child dyad nutrition status. Used weighted
data to adjust for the complex design of the survey; *P< 0·05; ** P< 0·01; *** P< 0·001. , No short stature; , Short stature;
, Absolute change
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in order to improve health and well-being across the life
course. Since experiences during the first years of life
can lead to negative health outcomes and affect future
generations, early childhood investments could be cost-
effective alternatives to address adult outcomes(57–59).

In contrast with existing evidence from some Latin
American countries(32), our study shows that factors such
as exposure to urban lifestyles and SES are not predictors
of double-burden in Mexico, but do predict child stunting
(without an overweight/obese mother). This could be
because Mexico is at an advanced stage of an uneven
health transition(14,16) leading to a situation in which
stunting-only households are concentrated in lower
socio-economic strata, double-burden households are
found in both urban and rural localities, overweight-only
households are spread across the country and there is a
higher proportion of neither-condition households in the
Central region.

According to our results, HFI is a predictor of double-
burden and overweight-only but not of stunting-only. We
found a weak but statistically significant relationship
between severe HFI and double-burden, consistent with
other studies that have explored this association(50). The
weakness of this association could be due to the fact that
both HFI and maternal overweight are widely spread
across the country and that the causal pathways that
explain nutrition status are highly complex. Nevertheless,
there is evidence to support that HFI may be a shared factor
in the causal pathways of child undernutrition andmaternal
overweight, indicating poor dietary quality(23,24,60). Our
results diverge from those obtained in a previous study(28),
where severeHFI increased the risk of stunting-only house-
holds but not of double-burden, these differences could be
due to the fact that we included different variables in our
models and a different analytic strategy.

Households with a stunted child but not an overweight
or obese mother and those with double-burden share
socio-demographic characteristics such as being concen-
trated in the lowest socio-economic quintiles, in the
Southern region and in rural localities. Both conditions
are also associated with short maternal height. These types
of households are significantly different from maternal
overweight-only households and those that have neither-
condition, both of which aremore evenly distributed across
SES quintiles, in urban localities, in the Central region and
have fewer mothers with short stature.

One of the limitations of our study is that by using cross-
sectional data, we are unable to assess the direction of the
association between some covariates such as HFI, SES and
nutrition status, leading to possible reverse causality. The
need for longitudinal studies to disentangle the complexity
of these relationships has previously been acknowl-
edged(11). Ideally, information on the mother’s early child-
hood environment would allow for assessing its effect on
her adult outcomes and those of her children. However,
even with data taken at only one time point, we are able

to measure the significance of maternal height as a predic-
tor of maternal and child nutrition status, potentially reflect-
ing the transmission of nutrition and health conditions from
one generation to another. In addition, our operationalisa-
tion of household nutrition status combined overweight
and obese mothers. This should be taken with caution
because there might be specific issues in the extremes of
the BMI distribution(61) and overweight and obesity might
have different risk factors and effects.

Another limitation is that we do not account for the role
played by nutrition and health policies in the development
of child stunting andmaternal overweight/obesity. As iden-
tified in previous studies, health and nutrition programmes
originally devised to target undernutrition could be contrib-
uting to the development of overweight or obesity. For
example, in the case of Mexico’s conditional cash transfers,
doubling the cash transfer was associated with better motor
development and nutrition among children(62), but to a
higher BMI, diastolic blood pressure and overweight
among adults(17). More recent studies found that cash
and in-kind transfers not only increase fruit, vegetable
and micronutrient consumption but also lead to excess
energy consumption(18). In that vein, our findings continue
to draw attention to the challenges set by the double-
burden of malnutrition for public programmes that seek
to improve health and nutrition, which has been pointed
out in existing literature(63).

It is also important to highlight that studies seeking to
understand the drivers of the double-burden of malnutri-
tion may operationalise this outcome in different ways,
defining it as the coexistence of maternal adiposity and
child stunting(21), overweight and anaemia(60), child
overweight with concurrent stunting(9,64) and at least one
household member with overweight and one with under-
weight(65). Each measurement poses different challenges
and can yield different results. Our findings highlight the
complexities of the relationships between undernutrition,
overweight and their associated factors in a country in
an advanced stage of the nutrition transition that has
experienced economic growth while widening inequality
gaps(9,14,16).

Conclusions

Maternal overweight and HFI are generalised population
issues in Mexico, where six out of ten women between
13 and 49 years of age are overweight or obese and only
three in ten households are food secure. Additionally, over
50% of children who are stunted have a mother who is
overweight or obese. It is possible that at least 20% of
the remaining mothers will develop either of these condi-
tions over the next few years. Womenwho are short stature
are more likely to be overweight and have a stunted child
than those who are not short-statured. These findings
underline the challenges faced by public healthcare
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systems, which have to tend to a population with multiple
forms of malnutrition. These difficulties are also faced by
public programmes targeting undernutrition, which must
develop strategies to prevent unhealthyweight gain among
their beneficiary population.

The significance of maternal height as a predictor of
maternal overweight and childhood stunting highlights
the importance of devising policies that focus on the quality
of prenatal care and early childhood development, for they
might represent a cost-effective way of preventing child
undernutrition and later adverse health outcomes.
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