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Abstract
Objective: To compare the distribution of malnutrition by socio-economic indicators
(SEI) in Peruvian children under 5 years and women of reproductive age (WRA).
Design:We analysed data from theNational Demographic and Family Health Survey.
WHO criteria were used to define malnutrition indicators (overweight/obesity com-
bined (OW);wasting/underweight; stunting/short stature; anaemia). Linear combina-
tion testwas used to compare theprevalenceofmalnutrition by SEI (wealth index as a
proxy of socio-economic status (SES); education; ethnicity). Prevalence ratio (PR)was
used to describe disparities and associations between malnutrition and SEI.
Setting: Peru (2015).
Participants:Children (n 22 833) under 5 years andWRA (n 33 503; 5008 adolescents
and 28 495 adults).
Results: The most prevalent form of malnutrition was anaemia (32·0 %) in children
and OW in adolescent and adult WRA (31·3 and 65·1 %, respectively). Adjusted
models showed that stunting and anaemia were significantly lower among children
with high SES (PR= 0·25, 0·67), high-educated mothers (PR= 0·26, 0·76) and higher
in indigenous children (PR= 1·3, 1·2); conversely, OW was higher among those
with high SES and high-educated mothers (PR= 1·8, 1·6) compared with their lowest
counterparts. In WRA, stunting/short stature was lower among those with high SES,
high education and higher in indigenous adult women.OW in adolescents and adults
was higher in high SES (PR= 1·4, 1·1), lower in indigenous adult women (PR= 0·84)
and lower in high-educated adult women (PR= 0·86).
Conclusions: In the studied population, the distribution of malnutrition was associ-
ated with SEI disparities. Effective policies that integrate actions to overcome the
double burden of malnutrition and reduce disparities are needed.
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Inequities in health are unfair, systematic and avoidable dis-
parities that diminish the opportunity of individuals to
develop their full health potential. Socio-economic status
(SES) is one of themajor drivers of these health inequities(1,2).

The coexistence of undernutrition and excess weight
(overweight and obesity), both known as malnutrition, is
one of the main health problems that usually affects the
most vulnerable population and has a negative impact
on economic and social capital. A recent study estimated
that undernutrition causes more economic losses as a result

of a reduction in productivity, whereas overweight and
obesity generate more costs in health due to co-morbidities
associated to these conditions(3). For this reason, the
prevention of malnutrition among vulnerable populations
should be a priority; furthermore, reducing inequalities
between and within countries, achieving gender equality,
guaranteeing a healthy life and social inclusion are all
included in the Sustainable Development Goals 2015–
2030(4). In this context, Peru has shown important eco-
nomic progress(5) along with improvements in maternal
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and child health and nutrition(6,7). Despite these improve-
ments, previous studies have shown differences in the
distribution of malnutrition within the country; anaemia
and stunting rates have not decreased equally in all
regions, and the prevalence of overweight and obesity
has increased more in some regions(8–11).

Little is known about the underpinning determinants of
these differences in Peru. One analysis of the risk factors
for nutritional inequalities among Peruvian children
(1991–2007) identified SES as the main factor explaining
these inequalities(12); however, that study was restricted to
children and undernutrition indicators. Similar analyses
have not been conducted to assess socio-economic dispar-
ities associated with both undernutrition (e.g. wasting/
underweight, stunting, anaemia) and excess weight in chil-
dren and women of reproductive age (WRA). Information
for WRA is important given the high rates of overweight/
obesity and anaemia in this group(11). Furthermore, the
nutritional status of WRA is one of the early risk factors
that can be modified to prevent malnutrition in their
offspring(13,14). This lack of information is consistent with a
recent review made for the Latin American and Caribbean
region, in which it is recognized that up-to-date available
data are needed to identify vulnerable populations and
design more specific actions to address inequalities in these
populations(15). Therefore, the aim of the present study was
to estimate and compare the distribution of malnutrition
among children under 5 years and WRA according to
selected socio-economic indicators (SEI), such as wealth
index, education level and ethnicity, using the Peruvian
National Demographic and Family Health Survey of 2015.

Methods

Previous consideration
The present study is part of a supplement that includes
studies from Argentina, Bolivia, Brazil, Colombia, Chile,
Ecuador, Guatemala, Mexico and Uruguay. The idea for this
supplement originated at the VII Latin American Workshop
on Leadership in Nutrition(16). The motivation was to gener-
ate evidence and to understand similarities and differences
among countries in disparities in malnutrition due to socio-
economic factors. To allow between-country comparability,
a common methodology was used. In general, the analysis
was based on representative survey data including the same
age groups as well as malnutrition and SEI. The statistical
analysis was based on a bivariate analysis that compares
the distribution of malnutrition by categories of SEI. Some
countries conducted additional analysis (e.g. multivariate
analysis, prevalence ratios) according to their specific
research interests and priorities.

Study design and setting
The present cross-sectional study is based on secondary
analysis of the open access data set of the 2015 Peruvian
National Demographic and Family Health Survey

(ENDES)(17). ENDES is conducted by the National Institute
of Statistics and Informatics, following standard methods,
tools and procedures developed by the DHS Program,
and provides information on the demographic dynamics,
health and nutrition condition of WRA and children under
5 years since 1986. Since 2004, Peru has been conducting
annual surveys and was the first country to undertake a
continuous survey within the DHS Program. The survey
has representativeness at national, urban/rural, regional
and departmental levels. The sample of the ENDES 2015
is a sub-sample of the total selected for the period 2015–
2017, that was a two-stage, stratified and independent
self-weighting random sample at departmental and urban/
rural area levels, as described in full elsewhere(18).

Participants
We analysed anthropometric and socio-economic data from
children aged <5 years and WRA, divided into adolescent
women aged 15–19 years and adult women aged
20–49 years. The eligible study population consisted of
habitual resident and non-pregnant women. Moreover,
participants with no anthropometric measurements or
implausible values were excluded. Of the total eligible
sample data set of 23 095 children and 36 119 WRA of
ENDES, we excluded 262 children (189without anthropom-
etry and seventy-three with implausible data) and 2616
WRA (1246 without anthropometry and forty-one with
implausible data). WRA without weighting factor were
also excluded (n 1329). Therefore, 22 833 children and
33 503 WRA were included in the analytical sample.
Children included in the analysis had lower SES and educa-
tion level and were more likely to be indigenous than those
excluded; while included WRA had higher education level
than excluded ones.

Malnutrition indicators
ENDES provides information on anthropometry and Hb
concentrations. Weight and height were measured using
standardized procedures(19) and Hb concentrations were
obtained using capillary blood samples as described in full
elsewhere(20). The children’s anthropometric Z-scores,
which were obtained from the ENDES database, were
calculated based on the 2006 WHO growth standards.
For adolescents we calculated Z-scores for height-
for-age (HAZ) and BMI-for-age (BMIZ) using the WHO
AnthroPlus software (2007) and for adult women we calcu-
lated BMI by dividing weight in kilograms by the square of
height in metres (kg/m2).

Overweight, obesity, wasting, underweight and stunting
were defined based onWHO criteria. Different cut-offswere
used for BMIZ for children and adolescents. For children,
BMIZ>þ2 and ≤þ3 and BMIZ>þ3 were used to define
overweight and obesity, respectively; whereas for adoles-
cents, BMIZ>þ1 and ≤þ2 and BMIZ>þ2 were used to
define overweight and obesity, respectively. Stunting was
defined as HAZ<−2 in both children and adolescents.
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Underweight in adolescents was defined as BMIZ<−2 and
wasting in childrenwas defined asweight-for-heightZ-score
(WHZ)<−2(21). For adult WRA, BMI≥ 25 and <30 kg/m2,
BMI≥ 30 kg/m2 and BMI< 18·5 kg/m2 were defined as
overweight, obesity and underweight, respectively(20). For
each age group, we combined overweight and obesity into
an overweight/obesity (OW) category using BMIZ>þ2 for
children, BMIZ>þ1 for adolescents and BMI≥ 25 kg/m2

for adults. For short stature in adult women, we used a
cut-off of height< 1·49 m to keep comparability among
countries included in this supplement.

Anaemia in children and WRA was defined as
Hb< 11 mg/dl and Hb< 12 mg/dl, adjusted for altitude,
respectively, according to WHO(22).

To assure the quality of the malnutrition variables, we
excluded implausible values such as HAZ of <−6 or
>þ6, WHZ and BMIZ of <−5 or >þ5 in children and
adolescents(23), BMI of <10 kg/m2 or >58 kg/m2 in adult
women(24), and Hb concentrations of <4 g/dl or >18·5 g/dl
for children and WRA(25).

Socio-economic indicators
Wealth index, education level and ethnicity were used as
SEI. Wealth index, considered a proxy of SES, was con-
structed by the National Institute of Statistics and
Informatics using a factor analysis method based on data
collected for household characteristics, goods and
services(14). We categorized the wealth index into tertiles
according to the distribution of the wealth index factor
score obtained from the ENDES 2015 database. We catego-
rized the education level among mothers of children and
WRA, expressed in ENDES as the number of education
years attained, into low level (0–6 years), medium level
(7–12 years) and high level (>12 years). For ethnicity we
used the variable ‘language or mother tongue that the
woman learned in her childhood’, which is collected by
ENDES as a proxy for ethnicity(26). Indigenous was defined
when the language was Quechua, Aymara or another
indigenous language different from Spanish.

Statistical analysis
Characteristics of the participants and their households,
both overall and by wealth tertile, as well as the prevalence
of malnutrition indicators at the national level and by each
category of SEI, were described using means and propor-
tions with a confidence interval of 95 %. Differences in the
prevalence of malnutrition among SEI categories were
tested using the lincom function in the statistical software
package Stata version 14. This post-estimation function
performsWald tests on linear combinations of independent
estimators(27,28). To show the relative disparity and associ-
ation of malnutrition with each SEI, we estimated crude and
adjusted prevalence ratios (PR) in a log-binomial regression
model, using the lowest category of SES and education,
and non-indigenous, as reference group. We chose this

approach to avoid overestimation of the associations, since
most of our outcomes have prevalences higher than
10 %(29). Adjusted PR were estimated from multivariable
models for each malnutrition indicator with each SEI by
age group. Models for children and WRA included region
(Lima, Other Coast, Highlands and Jungle) and place of
residence (urban/rural) as potential confounders.
Maternal BMI (kg/m2), grouped into four categories
(<18·5, >18·5–<25, >25–<30 and ≥30), and number of
children in the household were included in models for
children. Age in years and parity were also included in
models for WRA. All analyses were conducted with
sampling weights that corrected the estimations for non-
response and the complex sample design. Standard errors
were adjusted for clustering at the geographical level
(departments) using the svy module of Stata version 14
and P < 0·05 was used to assess statistical significance.

Results

Sample characteristics
Table 1 displays the characteristics of the study sample,
overall and by tertile of wealth index. Themean age of chil-
dren was 2·50 (95 % CI 2·48, 2·52) years and 51·3 (95 % CI
50·4, 52·1) % were male. The mean age of adolescents and
adult women was 16·9 (95 % CI 16·8, 16·9) years and 34·1
(95 % CI 33·9, 34·2) years, respectively. Compared with
their highest counterpart, households with low wealth
index had a higher proportion of women with low educa-
tion (53·4 v. 5·2 %, respectively) and a higher proportion of
indigenous (20·8 v. 0·3 %, respectively). Likewise, low-
wealth-index households were more likely to use firewood
or carbon for cooking (65·7 v. 0·2 %) and have a bare-earth
floor (74·8 v. 0·6 %). Furthermore, households with low
wealth index were less likely to have access to a public
sanitary sewer system (13·9 v. 96·7 %), television (61·9 v.
99·4 %), computer (1·1 v. 71·2 %), telephone (1·6 v.
52·6 %) and refrigerator (10·2 v. 88·9 %).

Malnutrition by age and socio-economic indicator
Table 2 presents the prevalence of malnutrition indicators
by age group and SEI categories. In general, wasting/
underweight was less prevalent either in children or
WRA (<1 %), while the most prevalent problem was anae-
mia in children (32·0 %; 95 % CI 31·0, 32·8 %) and OW in
adolescent (31·3 %; 95 % CI 29·0, 33·6 %) and adult WRA
(65·1 %; 95 % CI 64·1, 66·1 %).

In children we found significant disparities (P< 0·05) in
the prevalence of all the undernutrition indicators by each
category of SEI. Children of high SES had a lower preva-
lence of wasting (0·5 v. 1·5 %), stunting (4·8 v. 29·9 %)
and anaemia (24·0 v. 39·5 %) compared with children of
low SES. Disparities were also found by education level,
where wasting (0·2 v. 1·5 %), stunting (4·2 v. 29·7 %) and
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Table 1 Sample characteristics by tertile of wealth index among children under 5 years and women of reproductive age in Peru (data are from the Peruvian National Demographic and
Family Health Survey (ENDES) 2015)

Wealth index

All Low tertile Medium tertile High tertile

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

Children aged <5 years (n 22 833)
Mean age (years) 2·50 2·48, 2·52 2·50 2·47, 2·54 2·48 2·44, 2·52 2·50 2·46, 2·55
Male sex (%) 51·3 50·4, 52·1 51·4 49·9, 53·0 51·6 50·1, 53·0 50·9 49·3, 52·4

Women of reproductive age (n 33 503)
Adolescent women aged 15–19 years

(n 5008)
Mean age (years) 16·9 16·8, 16·9 16·7 16·6, 16·8 16·9 16·7, 17·0 17·0 16·9, 17·1

Adult women aged 20–49 years (n 28 495)
Mean age (years) 34·1 33·9, 34·2 34·2 33·9, 34·4 33·5 33·2, 33·8 34·4 34·1, 34·7

Education level (%)
Low (0–6 years) 21·0 20·1, 22·0 53·4 51·7, 55·2 19·7 18·4, 21·0 5·2 4·5, 6·1
Medium (7–12 years) 62·6 61·4, 63·8 45·8 44·2, 47·6 72·8 71·4, 74·3 64·5 62·6, 66·3
High (>12 years) 16·3 15·4, 17·4 1·5 1·2, 1·8 7·5 6·7, 8·4 64·5 62·6, 66·3

Ethnicity (%)
Indigenous 5·4 4·9, 6·0 20·8 18·6, 23·1 1·3 1·1, 1·7 0·3 0·1, 0·5
Non-indigenous 94·6 93·9, 95·1 79·2 76·9, 81·4 98·6 98·3, 98·9 99·7 99·5, 99·8

Households (n 33 503)
Household characteristics and goods (%)

Bare-earth floor 23·8 22·5, 25·0 74·8 72·7, 76·8 17·6 16·1, 19·2 0·6 0·4, 1·1
Use of firewood or carbon for cooking 18·0 16·9, 19·1 65·7 63·3, 68·0 7·9 6·8, 9·2 0·2 0·1, 0·3
Public sanitary sewer system 67·9 66·3, 69·5 13·9 12·3, 15·7 65·6 64·1, 69·0 96·7 95·7, 97·5
Source of water: piped into dwelling 77·2 75·8, 78·5 58·8 56·0, 61·5 73·0 70·6, 75·3 89·5 88·0, 90·8
Electricity 94·7 94·1, 95·3 80·6 78·2, 82·7 99·0 98·4, 99·3 99·2 98·6, 99·5
Motorcycle/scooter 17·8 16·8, 18·9 16·7 15·2, 18·2 22·4 20·1, 24·1 15·2 13·6, 17·1
Car/truck 13·5 12·4, 14·7 2·0 1·6, 2·5 6·7 5·8, 7·8 24·2 22·1, 26·3
Television 89·5 88·7, 90·3 61·9 59·7, 64·1 95·8 95·0, 96·5 99·4 98·9, 99·7
Computer (laptop or desktop) 38·7 37·2, 40·2 1·1 0·8, 1·5 19·4 17·7, 21·1 71·2 69·2, 73·2
Telephone 27·4 25·9, 29·0 1·6 1·0, 2·4 10·0 8·7, 11·5 52·6 50·3, 55·0
Cell phone 94·6 94·0, 95·2 84·2 82·6, 85·7 96·3 95·4, 97·1 98·7 98·1, 99·2
Refrigerator 57·9 56·3, 59·5 10·2 9·0, 11·6 48·5 46·2, 50·7 88·9 87·6, 90·1

ENDES, Encuesta Demográfica y de Salud Familiar.
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Table 2 Prevalence of malnutrition prevalence by wealth index, education level and ethnicity among children under 5 years and women of reproductive age in Peru (data are from the Peruvian
National Demographic and Family Health Survey (ENDES) 2015)

Excess BMI Undernutrition

Total Overweight‡ Obesity§
Overweight/
obesity║

Wasting/
underweight¶

Stunting/short
stature‡‡ Anaemia§§

n Weighted% % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI

Children aged <5 years 22 833 100·0 7·1 6·6, 7·6 1·7 1·5, 2·0 9·1 9·1, 9·2 0·9 0·7, 1·0 14·7 13·9, 15·5 32·0 31·0, 32·8
Wealth index
Low tertile 7584 29·2 3·1 2·7, 3·7 0·4 0·2, 0·7 3·6 3·0, 4·2 1·5 1·2, 1·8 29·9 28·3, 31·6 39·5 37·8, 41·2
Medium tertile 7666 30·8 7·0* 6·1, 7·9 1·4* 1·1, 1·9 8·4* 7·5, 9·4 0·9* 0·6, 1·2 13·0* 12·0, 14·1 34·8* 33·3, 36·4
High tertile 7583 39·9 10·1*,† 9·1, 11·1 2·9*,† 2·4, 3·5 13·0*,† 11·9, 14·1 0·5*,† 0·3, 0·7 4·8*,† 4·2, 5·5 24·0*,† 22·6, 25·4

Mother’s education level
Low (0–6 years) 5931 24·8 4·4 3·7, 5·2 0·6 0·4, 1·0 5·0 4·2, 5·9 1·5 1·2, 1·9 29·7 27·9, 31·6 35·8 34·0, 37·6
Medium (7–12 years) 14 342 63·3 7·4* 6·8, 8·1 1·9* 1·5, 2·2 9·3* 8·5, 10·1 0·7 * 0·6, 1·0 10·7* 10·0, 11·4 32·1* 30·9, 33·2
High (>12 years) 2560 11·8 10·9*,† 9·2, 12·9 3·4*,† 2·4, 4·7 14·3*,† 12·4, 16·5 0·2*,† 0·1, 0·4 4·2*,† 3·4, 5·3 22·6*,† 20·3, 25·1

Ethnicity
Non-indigenous 20 743 93·3 7·3 6·8, 7·9 1·8 1·6, 2·1 9·2 8·6, 9·8 0·8 0·7, 1·0 13·0 12·3, 13·8 30·9 30·0, 31·8
Indigenous 2090 6·7 3·5* 2·4, 5·2 0·2* 0·1, 0·5 3·7* 2·6, 5·4 1·8* 1·2, 2·8 37·4* 34·0, 40·9 45·8* 42·6, 49·1

Adolescent women aged 15–19 years 5008 100·0 24·8 22·8, 26·9 6·5 5·4, 7·9 31·3 29·0, 33·6 0·5 0·3, 1·1 22·5 20·7, 24·4 18·8 17·0, 20·8
Wealth index
Low tertile 1896 25·0 21·2 18·7, 24·0 3·3 2·1, 5·0 24·5 21·8, 27·3 0·1 0·1, 0·4 35·0 31·9, 38·3 18·8 16·4, 21·4
Medium tertile 1650 30·7 24·2 21·1, 27·6 7·2* 5·2, 9·8 31·4* 27·9, 35·1 0·7 0·3, 1·8 21·7* 18·7, 25·0 18·5 15·6, 22·0
High tertile 1462 44·3 27·2* 23·6, 31·1 7·9* 5·9, 10·5 35·1* 31·0, 39·4 0·7 0·2, 1·9 16·0*,† 13·1, 19·3 19·0 15·9, 22·6

Woman’s education level
Low (0–6 years) 454 6·6 25·1 19·5, 31·7 8·0 3·8, 15·9 33·1 26·4, 40·7 0·2 0·0, 1·6 47·2 40·4, 54·1 21·3 16·8, 26·6
Medium (7–12 years) 4247 84·3 25·1 22·9, 27·4 6·5 5·3, 8·1 31·6 29·2, 34·1 0·5 0·2, 1·1 22·0* 20·1, 24·0 18·8 16·7, 21·0
High (>12 years) 307 9·1 21·7 15·1, 30·2 5·4 2·6, 10·9 27·2 19·8, 36·0 1·1 0·3, 4·4 9·6*,† 5·7, 15·5 17·7 12·3, 24·9

Ethnicity
Non-indigenous 4577 95·2 24·9 22·8, 27·1 6·8 5·6, 8·3 31·7 29·4, 34·2 0·5 0·3, 1·1 21·7 19·9, 23·7 18·7 16·8, 20·8
Indigenous 431 4·8 21·9 17·2, 27·4 0·9* 0·3, 2·5 22·8* 18·1, 28·4 0·3 0·1, 1·5 37·1* 31·5, 43·1 21·2 16·0, 27·6

Adult women aged 20–49 years 28 495 100·0 41·0 40·0, 42·0 24·2 23·3, 25·1 65·1 64·1, 66·1 0·9 0·8, 1·1 34·3 33·2, 35·4 20·3 19·3, 21·2
Wealth index
Low tertile 9219 23·2 41·6 40·1, 43·1 18·6 17·4, 19·9 60·2 58·5, 61·9 0·9 0·7, 1·3 48·3 46·7, 49·9 19·9 18·5, 21·3
Medium tertile 9649 31·1 40·0 38·5, 41·6 28·3* 26·8, 29·9 68·4* 66·7, 70·0 0·8 0·6, 1·0 38·4* 36·6, 40·2 19·8 18·3, 21·3
High tertile 9627 45·7 41·3 39·6, 43·1 24·1*,† 22·6, 25·7 65·4*,† 63·8, 67·1 1·0 0·8, 1·4 24·4*,† 22·9, 26·1 20·8 19·3, 22·3

Woman’s education level
Low (0–6 years) 7641 23·9 43·3 41·5, 45·2 27·5 25·8, 29·2 70·8 69·1, 72·5 0·7 0·5, 1·1 51·9 50·1, 53·7 19·1 17·7, 20·7
Medium (7–12 years) 16 810 58·3 40·8* 39·5, 42·2 25·4* 24·2, 26·6 66·2* 64·9, 67·6 0·8 0·6, 1·1 32·2* 30·9, 33·5 21·1* 19·9, 22·4
High (>12 years) 4043 17·8 38·3* 35·7, 40·9 15·6*,† 13·9, 17·6 53·9*,† 51·2, 56·6 1·8*,† 1·2, 2·5 17·5*,† 15·6, 19·6 18·9 17·0, 21·0

Ethnicity
Non-indigenous 26 089 94·4 41·1 40·0, 42·1 24·6* 23·7, 25·6 65·7* 64·7, 66·7 0·9 0·7, 1·1 33·4* 32·3, 34·5 20·1 19·2, 21·1
Indigenous 2406 5·6 39·3 36·2, 42·4 16·0 13·9, 18·3 55·3 51·9, 58·6 1·4 0·8, 2·6 50·4 47·3, 53·6 22·7 20·0, 25·6

ENDES, Encuesta Demográfica y de Salud Familiar; BMIZ, BMI-for-age Z-score; WHZ, weight-for-height Z-score; HAZ, height-for-age Z-score.
*P< 0·05 v. low tertile/low education/indigenous.
†P< 0·05 v. medium tertiles/medium education.
‡Overweight: BMIZ>þ2 and ≤þ3 for children aged <5 years; BMIZ>þ1 and ≤þ2 for adolescent women aged 15–19 years; and BMI≥ 25 and <30 kg/m2 for adult women aged 20–49 years.
§Obesity: BMIZ>þ3 for children aged <5 years; BMIZ>þ2 for adolescent women aged 15–19 years; and BMI≥ 30 kg/m2 for adult women aged 20–49 years.
║Overweight/obesity: BMIZ>þ2 for children aged <5 years; BMIZ>þ1 for adolescent women aged 15–19 years; and BMI≥ 25 kg/m2 for adult women aged 20–49 years.
¶Wasting: WHZ<−2 for children aged <5 years. Underweight: BMIZ<−2 for adolescent women aged 15–19 years; and BMI < 18·5 kg/m2 for adult women aged 20–49 years.
‡‡Stunting: HAZ<−2 for children aged <5 years; HAZ<−2 for adolescent women aged 15–19 years. Short stature: height< 1·49m for adult women aged 20–49 years.
§§Anaemia: Hb, adjusted for altitude, of<11mg/dl for children aged<5 years and<12mg/dl for women aged 15–49 years. The sample size for anaemiawas 20 707 for children aged<5 years; 4990 for adolescent women aged 15–19 years; and
28 303 for adult women aged 20–49 years.
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anaemia (22·6 v. 35·8 %) were lower in children of
high-educated mothers compared with their lowest coun-
terparts. The prevalence of wasting (1·8 v. 0·8 %), stunting
(37·4 v. 13·0 %) and anaemia (45·8 v. 30·9 %) was higher in
indigenous children than in non-indigenous. Conversely,
OWwas higher in children of high SES (13·0 v. 3·6 %), those
of high-educatedmothers (14·3 v. 5·0 %) and in non-indige-
nous children (9·2 v. 3·7 %); the same results were found for
overweight and obesity analysed separately (Table 2).
After adjusting for potential confounders, the disparities
between malnutrition and SEI remained significant, except
for excess weight indicators by ethnicity (Table 3). The
greatest disparity was observed for stunting by all SEI,
and for obesity by SES and education. Adjusted PR showed
that children of high SES were 75 and 74 % less likely to be
stunted compared with their lowest counterparts, and
indigenous children were 34 % more likely to be stunted
(Table 4). Moreover, children of high SES and high-edu-
cated mothers were nearly three times more likely to be
obese than their lowest counterparts (Table 3).

In adolescent women, we found significant differences
in the prevalence of stunting for all SEI categories, whereas
no significant differences were found for underweight and
anaemia. Compared with their highest counterparts, stunt-
ing was higher in adolescents of low SES (35·0 v. 16·0 %)
and low education (47·2 v. 9·6 %), and higher in indigenous
than non-indigenous (37·1 v. 21·7 %). The prevalence of
OW was higher in adolescents of high SES compared with
those of low SES (35·1 v. 24·5 %) and lower in indigenous
adolescents compared with non-indigenous ones (22·8 v.
31·7 %), whereas no significant differences were found in
OW by education level. When we analysed overweight
and obesity separately, the prevalence of overweight
was significantly higher in adolescents of high SES than
in those of low SES (27·2 v. 21·2 %). The prevalence of
obesity was higher in adolescents of high SES compared
with those of low SES (7·9 v. 3·3 %), and lower in indige-
nous adolescents (0·9 v. 6·8 %; Table 2). Adjusted PR
confirmed the same disparities except for excess weight
indicators by ethnicity. Adolescents of high SES, high
education and non-indigenous were 52, 79 and 21 % less
likely to be stunted than their lower counterparts, while
high-SES adolescents were 38 % more likely to be OW.
In addition, indigenous adolescents were 57 % more likely
to have anaemia than non-indigenous ones (Tables 3
and 4).

In adult women, significant differences were found for
short stature by all SEI categories, whereas underweight
and anaemia were significantly different only by education
level. The prevalence of short stature was higher in adult
women of low SES (48·3 v. 24·4 %) and low education level
(51·9 v. 17·5 %) compared with their highest counterparts,
and higher in indigenous compared with non-indigenous
(50·4 v. 33·4 %). The prevalence of underweight was higher
among highly educated women compared with those of
low education (1·8 v. 0·7 %) and anaemia was higher in

adult women with medium education level compared with
their lowest counterparts (21·1 v. 19·1 %). The prevalence
of OW was higher in adult women of high SES (65·4 v.
60·2 %), low education level (70·8 v. 53·9 %) and non-
indigenous (65·7 v. 55·3 %). Similar results were found
for obesity alone, whereas overweight was different only
by educational level, being higher in adult women of
low education compared with those with high education
(43·3 v. 38·3 %; Table 2). Adjusted PR confirmed the dispar-
ities for short stature, OWand obesity by all SEI. Indigenous
women were 10 and 28 % more likely to be stunted and
have anaemia than non-indigenous ones, respectively.
Moreover, indigenous women were 2·8 times more likely
to be underweight (Tables 3 and 4).

Discussion

Our findings confirm the coexistence of the double burden
of malnutrition, with high levels of anaemia and OW,
although low levels of wasting/underweight. In 2015, anae-
mia was the most prevalent condition in children (32·0 %),
while OW was the most prevalent condition in adolescent
(31·3 %) and adult WRA (65·1 %) in Peru. It is relevant to
notice that the mean prevalence of OW in children
(9·1 %) was higher in 2015 than the prevalence reported
in 2005–2010 (8·2 %)(30), and also exceeds the mean preva-
lence for South America and the world in 2015 (7·7 and
5·6 %, respectively)(31), indicating that in 2015 OW already
was a health problem in Peruvian children.

Our results highlight important differences in the distri-
bution of malnutrition among children and WRA according
to SES, education and ethnicity. We have addressed these
differences as disparities because they are not fair and can
be preventable(1). PR allowed us to show these disparities.
In general, we found a different relationship between
malnutrition and SEI for each age group analysed, and
greater disparities were observed for stunting compared
with anaemia and OW (Fig. 1).

For children an inverse relationship was found between
undernutrition indicators and SEI, with a lower prevalence
of anaemia and stunting among children with high SES,
non-indigenous and those with a high-educated mother.
This result is consistent with those from previous studies
in this population(10,32,33), as well as an analysis of eighty
countries that show that these undernutrition indicators
decrease as wealth and caregiver’s education level
increase(34). In addition, two studies that analysed data from
1991 to 2007 show that SES is themain factor that explained
nutritional disparities in Peruvian children, followed by the
education level of caregivers. According to the conceptual
framework of malnutrition developed by UNICEF, these
SEI affect underlying causes of malnutrition at home level,
such as inadequate access to food, sanitation and health
services, as well as inadequate childcare practices(35).
Ethnicity, on the other hand, has been recognized as a
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Table 3 Prevalence ratios (PR) of excess weight by categories of socio-economic indicators among children under 5 years and women of reproductive age in Peru (data are from the Peruvian National
Demographic and Family Health Survey (ENDES) 2015)

Overweight Obesity OW

Crude PR 95% CI Adjusted PR 95% CI Crude PR 95% CI Adjusted PR 95% CI Crude PR 95% CI Adjusted PR 95% CI

Children aged <5 years‡
Wealth index
Low tertile Reference
Medium tertile 2·22* 1·8, 2·7* 1·43* 1·1, 1·8 3·42* 1·9, 6·2 1·79 0·8, 4·1 2·36* 1·9, 2·9 1·47* 1·2, 1·8
High tertile 3·20* 2·6, 3·9* 1·64* 1·3, 2·1 6·90* 3·9, 12·1 2·68* 1·1, 6·6 3·63* 3·0, 4·4 1·78* 1·4, 2·3

Mother’s education level
Low Reference
Medium 1·69* 1·4, 2·0 1·07 0·9, 1·3 3·10* 1·8, 5·3 1·62 0·9, 2·8 1·86* 1·5, 2·2 1·14 0·9, 1·4
High 2·49* 2·0, 3·2 1·44* 1·1, 1·9 5·65* 3·1, 10·3 2·80* 1·5, 5·2 2·86* 2·3, 3·6 1·62* 1·3, 2·1

Ethnicity
Non-indigenous Reference
Indigenous 0·48* 0·3, 0·7 1·05 0·7, 1·5 0·11* 0·0, 0·3 0·38 0·1, 1·1 0·41* 0·3, 0·6 0·97 0·7, 1·4

Adolescent women aged 15–19 years§
Wealth index
Low tertile Reference
Medium tertile 1·14 0·9, 1·4 1·34* 1·1, 1·7 2·19* 1·3, 3·7 1·17 0·6, 2·4 1·28* 1·1, 1·5 1·31* 1·1, 1·6
High tertile 1·28* 1·1, 1·5 1·51* 1·2, 2·0 2·43* 1·4, 4·1 0·98 0·4, 2·2 1·43* 1·2, 1·7 1·38* 1·1, 1·7

Woman’s education level
Low Reference
Medium 1·00 0·8, 1·3 0·98 0·7, 1·3 0·82 0·4, 1·7 0·62 0·3, 1·4 0·95 0·8, 1·2 0·89 0·7, 1·1
High 0·86 0·6, 1·3 0·84 0·5, 1·3 0·68 0·2, 1·9 0·36 0·1, 1·1 0·82 0·6, 1·2 0·70 0·5, 1·1

Ethnicity
Non-indigenous Reference
Indigenous 0·88 0·7, 1·1 0·91 0·7, 1·2 0·13* 0·0, 0·4 0·36 0·1, 1·1 0·72* 0·6, 0·9 0·87 0·7, 1·1

Adult women aged 20–49 years§
Wealth index
Low tertile Reference
Medium tertile 0·96 0·9, 1·0 1·02 0·9, 1·1 1·52* 1·4, 1·7 1·34* 1·2, 1·5 1·14* 1·1, 1·2 1·12* 1·1, 1·2
High tertile 0·99 0·9, 1·1 1·07 1·0, 1·2 1·30* 1·2, 1·4 1·12 1·0, 1·3 1·09* 1·04, 1·13 1·08* 1·0, 1·1

Woman’s education level
Low Reference
Medium 0·94* 0·9, 1·0 1·01 0·9, 1·1 0·92* 0·9, 1·0 0·99 0·9, 1·1 0·94* 0·9, 1·0 0·99 0·9, 1·0
High 0·88* 0·8, 0·9 0·97 0·9, 1·1 0·57* 0·5, 0·6 0·68* 0·6, 0·8 0·76* 0·7, 0·8 0·86* 0·8, 0·9

Ethnicity
Non-indigenous Reference
Indigenous 0·96 0·9, 1·0 0·89* 0·8, 1·0 0·65* 0·6, 0·8 0·76* 0·6, 0·9 0·84* 0·8, 0·9 0·84* 0·8, 0·9

ENDES, Encuesta Demográfica y de Salud Familiar; OW, overweight/obesity.
An independent model was estimated for each socio-economic indicator (wealth index, education and ethnicity).
*P< 0·05 v. low tertile/low education/non-indigenous.
‡In children, the adjusted model included BMI of their mothers, number of children in household, region and type or place of residence.
§In women of reproductive age, the adjusted model included their age in years, total number of children ever born, region and type or place of residence.
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Table 4 Prevalence ratios (PR) of undernutrition by categories of socio-economic indicators among children under 5 years and women of reproductive age in Peru (data are from the Peruvian National
Demographic and Family Health Survey (ENDES) 2015)

Wasting/underweight Stunting/short stature Anaemia

Crude PR 95% CI Adjusted PR 95% CI Crude PR 95% CI Adjusted PR 95% CI Crude PR 95% CI Adjusted PR 95% CI

Children aged <5 years‡
Wealth index
Low tertile Reference
Medium tertile 0·59* 0·4, 0·9 0·76 0·5, 1·2 0·43* 0·4, 0·5 0·58* 0·5, 0·7 0·88* 0·8, 0·9 0·94 0·9, 1·0
High tertile 0·31* 0·2, 0·5 0·47* 0·2, 0·9 0·16* 0·1, 0·2 0·25* 0·2, 0·3 0·61* 0·6, 0·7 0·67* 0·6, 0·7

Mother’s education level
Low Reference
Medium 0·50* 0·4, 0·7 0·61* 0·4, 0·9 0·36* 0·3, 0·4 0·56* 0·5, 0·6 0·90* 0·8, 1·0 1·04 1·0, 1·1
High 0·16* 0·1, 0·3 0·21* 0·1, 0·4 0·14* 0·1, 0·2 0·26* 0·2, 0·3 0·63* 0·6, 0·7 0·76* 0·7, 0·9

Ethnicity
Non-indigenous Reference
Indigenous 2·22* 1·4, 3·5 1·38 0·8, 2·2 2·87* 2·6, 3·2 1·34* 1·2, 1·5 1·48* 1·4, 1·6 1·19* 1·1, 1·3

Adolescent women aged 15–19 years§
Wealth index
Low tertile Reference
Medium tertile 4·86* 1·3, 18·7 1·87 0·6, 5·6 0·62* 0·5, 0·7* 0·66* 0·5, 0·8 0·99 0·8, 1·2 0·78 0·6, 1·0
High tertile 4·87* 1·2, 20·0 1·71 0·5, 6·0 0·46* 0·4, 0·6 0·48* 0·4, 0·6 1·01 0·8, 1·3 0·75 0·5, 1·0

Woman’s education level
Low Reference
Medium 2·21 0·3, 18·6 1·45 0·2, 10·5 0·47* 0·4, 0·6 0·59* 0·5, 0·7 0·88 0·7, 1·1 0·97 0·7, 1·3
High 4·98 0·5, 54·5 2·34 0·2, 26·5 0·20* 0·1, 0·3 0·21* 0·1, 0·4 0·83 0·5, 1·3 1·01 0·6, 1·6

Ethnicity
Non-indigenous Reference
Indigenous 0·53 0·1, 3·2 3·64 0·9, 15 1·71* 1·4, 2·0 1·21* 1, 1·5 1·14 0·8, 1·5 1·57* 1·1, 2·2

Adult women aged 20–49 years§
Wealth index
Low tertile Reference
Medium tertile 0·82 0·5, 1·3 0·69 0·4, 1·1 0·79* 0·7, 0·8 0·82* 0·8, 0·9 1·00 0·9, 1·1 0·92 0·8, 1·0
High tertile 1·11 0·7, 1·7 0·98 0·6, 1·6 0·51* 0·5, 0·5 0·52* 0·5, 0·6 1·05 0·9, 1·2 0·93 0·8, 1·1

Woman’s education level
Low Reference
Medium 1·03 0·6, 1·6 0·61* 0·4, 0·9 0·62* 0·6, 0·7 0·68* 0·6, 0·7 1·10* 1·0, 1·2 1·12* 1·0, 1·3
High 2·40* 1·4, 4·0 1·06 0·6, 1·7 0·34* 0·3, 0·4 0·38* 0·3, 0·4 0·99 0·9, 1·1 1·05 0·9, 1·2

Ethnicity
Non-indigenous Reference
Indigenous 1·56 0·8, 2·9 2·78* 1·4, 5·6 1·51* 1·4, 1·6 1·10* 1·02, 1·19 1·13 1·0, 1·3 1·28* 1·1, 1·5

ENDES, Encuesta Demográfica y de Salud Familiar.
An independent model was estimated for each socio-economic indicator (wealth index, education and ethnicity).
*P< 0·05 v. low tertile/low education/non-indigenous.
‡In children, the adjusted model included BMI of their mothers, number of children in household, region and type or place of residence.
§In women of reproductive age, the adjusted model included their age in years, total number of children ever born, region and type or place of residence.

s96
K
C
u
ri-Q

u
in
to

et
a
l.

https://doi.org/10.1017/S136898001900315X Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S136898001900315X


social determinant of important health disparities(36) and
has been associated with poverty and inadequate access
to public services, especially education and health(33,37,38).
These underlying conditions are important factors that help
to explain why the prevalence of undernutrition is usually
higher among indigenous populations. This is especially

true in children, as the prevalences of stunting and anaemia
are higher compared with the national means. The need for
more profound analysis between health and ethnicity in
Peru has been recognized(33), which is necessary to imple-
ment short-term effective actions to eradicate disparities
associated with ethnicity. In WRA, a significant inverse
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Fig. 1 Prevalence of overweight/obesity, stunting/short stature and anaemia by (a) wealth index ( , low tertile; , medium tertile; ,
high tertile), (b) education ( , low, 0–6 years; , medium, 6–12 years; , high, >12 years) and (c) ethnicity ( , non-indigenous; ,
indigenous) among children aged <5 years (n 22 833) and women of reproductive age, divided into adolescent women aged 15–19
years (n 5008) and adult women aged 20–49 years (n 28 495), in Peru. Education level is based on years of education and is based on
themother’s education level for children aged<5 years. Data are presented asmeans with their 95%CI represented by vertical bars.
*P< 0·05 v. low tertile/low education/indigenous; †P< 0·05 v. medium tertile/medium education. (Data are from the PeruvianNational
Demographic and Family Health Survey (ENDES) 2015)
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relationship was also found for stunting/short stature by all
the SEI, and anaemia by ethnicity. Short stature can be the
reflection of nutritional deficiencies and fewer opportuni-
ties for growth and development at earlier ages.
Therefore women with lower SES, and lower education
level, have a higher risk to have short stature(13).

Contrary to what was observed for indicators of under-
nutrition, there was a direct association between children’s
OW and SEI. Children of families with a higher SES have a
higher prevalence of OW. Studies have shown that an
increase in income or wealth is positively related to an
increase in the prevalence of OW in children in developing
countries(14,39). The positive relationship between wealth
and OW could be explained by better access to food and
a higher energy intake, as well as a better access to amen-
ities that decrease physical activity, even at early ages(11,40).
Furthermore, we also found that children of mothers with
higher education levels also have higher OW rates. This
finding is consistent with results from a recent multicentre
study which showed that in lower-income countries the
association between parent’s education level and OW in
children is positive, whereas in countries of higher income
the association is negative(41). The authors speculate that in
lower-income countries higher parental education could
be associated with a higher risk of their children being
overweight as a consequence of social norms, where an
overweight child may be perceived as a ‘healthy child’. A
second hypothesis suggested by Araneo(42) is that educated
mothers spend more time working outside the home and
thus have less time to offer their children healthy foods
and supervise their children’s activities. Further studies
are needed to clarify the exact nature of the relationship
between parent’s education level and OW in Peruvian
children. In the case of ethnicity, we found that the preva-
lence of OW was higher among non-indigenous
children, but this difference was smaller compared with
those found for SES and education level. This could be
an alert sign as it could show that environmental conditions
are changing for groups previously considered at low risk
for OW.

In the case ofWRA, the patterns of the prevalence ofOW
showed a direct relationship with SES tertile, and an inverse
relationship with education in adults. These results are
consistent with Poterico et al. who reported that
Peruvian women of high SES were 30–40 % more likely
to be overweight and 80 %more likely to be obese, and that
low-educated women were more likely to be OW(43).
Similar results were observed by Jacoby et al., who showed
an inverse relationship between OW and education(44).
Peña and Bacallao reported that the relationship between
wealth and OWwas different for developed countries, and
it was observed in countries where undernutrition is still a
prevalent problem(39). The reason for these differences
between countries is related to the complex nature of
OW. Individual factors, such as genetic factors, access to
healthy food, westernization of the diet, opportunities

and barriers to do physical activity, sociocultural norms
and beliefs about body weight, awareness about
nutrition(39), as well as the difference among countries’
stage with regard to the nutrition transition phenomenon
and their socio-economic development, have been
suggested to understand the social disparities observed
for OW in WRA(45). A different explanation could be in part
associated with the definition of SES. A review of
international studies that had explored the association
between SEI and obesity observed an inverse relationship
when SES was measured using education and occupation
as the indicators, and a direct relationship when SES was
evaluatedwith indicators of income or possession of assets,
as we found in the present study(45).

Policy implications
Peru is a middle-income country(5) that is going rapidly
from the third to the fourth stage of nutritional transition,
which is characterized by increased economic access,
reduction of nutritional deficiencies, adoption of modern
dietary patterns with high consumption of high-energy
foods, adoption of more sedentary lifestyles and increase
of obesity and related non-chronic diseases(10,46,47). This
process of transition is not homogeneous within the
country and therefore, as shown in the present study, nutri-
tional deficiencies are still prevalent in some vulnerable
groups and coexist with excess weight. In this context,
our findings highlight the importance to implement com-
prehensive policies and interventions to address malnutri-
tion, including a focus on their underlying causes, such as
SES, education and ethnicity disparities. Our findings also
highlight the need for further research to inform policy
makers about nutritional disparities that arise due to
differences in SEI, particularly for OW and anaemia, to
design and implement more pertinent interventions.

In relation to interventions, in Peru the main policy on
nutrition has focused on reducing childhood undernutri-
tion. This policy has had successful results in the reduction
of stunting especially in rural and urban areas; however, in
indigenous children, the reduction has been lower and the
prevalence is still high. Furthermore, there has not been a
reduction in the prevalence of anaemia(48). So, the current
National Plan for the Reduction and Control of Maternal
and Child Anaemia and Stunting (2017–2021) is being
implemented. The aim of this plan is to reduce anaemia
and stunting in 6·4 and 19 %, respectively(49). For OW,
Peru has recently approved some policies: in 2018 the
manual of advertising warnings was approved and it will
become effective for 2019, this is part of the law for the pro-
motion of healthy eating for children and adolescents
(approved in 2013)(50). Another regulation is the increment
of 8 % in taxes on beverages with sugar content of
≥6 g/100 ml (approved in 2018). Furthermore, the Ministry
of Health has established a Committee of Experts in nutri-
tion to provide support and recommendations to the deci-
sion-making process in health promotion(51). These actions
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could help to start a comprehensive strategy to simultane-
ously tackle malnutrition by common platforms as the
WHO has suggested(52), taking into account socio-
economic disparities. Indicators of disparities reduction
are also needed to monitor the advances in this area.

Strengths and limitations
Themain strength of the present study is the use of data of a
representative sub-sample of the ENDES 2015–2017, which
uses standardized methods for the collection of the varia-
bles we analysed. We included in our analysis indicators
for underweight and excess weight for different vulnerable
population subgroups, and multivariable analysis was
used to account for the role of potential confounders. On
the other hand, one limitation is that we used proxies
for wealth (self-reported SES) and ethnicity (language
spoken). Although this could lead to misclassifications,
our findings appear to be consistent with other national-
level studies that used other analytical designs. Finally,
we excluded 7·2 % of the total sample of WRA; while this
is a low rate of exclusion, the women excluded had lower
education level and were less likely to live in rural areas
compared with the analytical sample. Thus, our results
may not be representative of the excluded population.

Conclusions

Our results show that malnutrition is a prevalent problem in
Peru. Anaemia remains prevalent in children, whereas OW is
prevalent in adolescent and adult women. Furthermore, mal-
nutrition has a heterogeneous distributionwith significant dis-
parities by SEI. In general, undernutrition is more prevalent in
low-SES, low-education and indigenous subgroups, whereas
OW is more prevalent in high-SES, high-education and non-
indigenous subgroups, except for education in WRA for
whom OW is high in low-educated ones. Implementation
of comprehensive policies and interventions that integrate
actions to overcome malnutrition and reduce these socio-
economic disparities are urgently needed.
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