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Abstract
Background: Although several studies have examined the link between different food groups intake and stunting
among children, no study, to our knowledge, was done on exceptional children. The aim of this study was assessed
the association of dietary intake and stunting in Iranian exceptional children.
Methods: This cross-sectional study was conducted on 470 exceptional children (226 mentally retarded, 182 deaf
and 62 blind children), aged 5–15 years. Height was measured using standard tool. Stunting was defined as heightfor-age z-score of <-1. A validated dietary habit questionnaire was applied to assess dietary intakes.
Results: Mean age of children was 10.02 ± 2.04 years. Stunting was prevalent among 50.6% of children. Compared
with children in the lowest category of dairy consumption, those in the highest category had lower odds of stunting.
This association remained significant even after adjusting for covariates (OR: 0.50, 95% CI: 0.29–0.87). In addition,
moderate consumption of egg (1–3 time/wk) was inversely associated with stunting either before or after controlling
for potential confounders (OR: 0.36, 95% CI: 0.21–0.64). Such finding was also seen among mentally retarded children
(OR: 0.38, 95% CI: 0.16–0.89). No other significant association was seen between intakes of other food groups (including
meat, fruits and vegetables) and stunting.
Conclusions: We found that higher intake of dairy products and egg was associated with lower risk of stunting.
However, intakes of other food groups including meat, fruits and vegetables were not significantly related to stunting.
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Background
Stunting is a major public health problem in developed
and developing countries [1, 2]. Based on world health
organization (WHO), stunting is defined as genderspecific height-for-age value of less than two standard
deviations of the WHO Child Growth Standards [3]. Approximately, 215 million children, around the world, are
stunted. National estimates in Iran showed that 4.7% of
Iranian children were affected [4]. Children with
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stunting might suffer from current, and possibly later,
delayed mental and motor development as well as limited work-capacity due to reduced muscle mass [4, 5].
Therefore, finding appropriate strategies to prevent
stunting is of great importance.
It has been shown that environmental factors, in particular diet, have an important role in stunting [5]. It can
be developed from inadequate intake of food, inappropriate quality of diet, or a combination of both [6]. A
large number of studies were published on growthlimiting nutrients indicating primary deficiency of zinc,
vitamin A, vitamin D and iron, along with insufficient
intake of protein and energy [7–9]. However, less attention has been laid down on the consumption of food
groups including dairy, meat, vegetables and fruits in

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

Nachvak et al. BMC Pediatrics

(2020) 20:394

relation to stunting in children. These food groups contain a high amount of fibers, antioxidants and essential
minerals including magnesium, calcium and iron [10, 6].
These micronutrients might be involved in height
growth [6]. Therefore, assessing the association between
consumption of these food groups and height growth
might present new strategies to prevent stunting.
To the best of our knowledge, no study has assessed
the association of some food groups intake including
fruits, vegetable, dairy and meat with stunting in exceptional children. However, among adults, it has been
shown that compared with those with the lowest adherence, women with greater adherence to the prudent
dietary pattern in childhood had higher height [11].
Assessing food intake in relation to stunting is more important in exceptional children because they might be
mentally retarded, blind and deaf. Given the high prevalence of stunting in Iranian children, current study
aimed to assess the association of fruits, vegetables, dairy
and meat consumption with stunting in Iranian exceptional children.

Methods
Participants

This cross-sectional study was conducted on exceptional
children aged between 5 and 15 years in 2014. In Iran,
children at the age of six are assessed for cognitive, visual and auditory tests by standardized tests in places administered by the Ministry of Health and the Ministry of
Education. If the child does not have any problem, he /
she will be referred to normal schools for elementary
education. However, if there are any cognitive, visual or
hearing problems, they are referred to special schools
that have been set up to educate children with special
needs. The method of teaching in these schools is different from normal schools. Exceptional school teachers
undergo a series of special trainings and courses to educate exceptional children and then obtain a certificate
and work permit in exceptional schools. In Iran, education in exceptional education centers is daily and free.
According to the published statistics by the Bureau of
Exceptional Education in Tehran, Iran, 113 blind and
255 deaf children were studying in Tehran’s elementary
schools. All of these children were selected to participate
in the current study. To include mentally retarded children, ten exceptional education centers from five geographical areas in Tehran (North, South, East, West and
Central) were selected. In each area, two centers (one
for girls and one for boys) had been selected and then,
the mentally retarded children in each center were included randomly by using probability proportional to
size sampling. Totally, 250 mentally retarded children
were included in this study. However, we excluded those
with missing information. Overall, by considering blind
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and deaf children, 470 exceptional children including 62
blind, 182 deaf and 226 mentally retarded were included
in the current study. Parents of children provided written informed consent to participate their children in the
current study. The study was ethically approved by the
Institute of Education Studies affiliated to Ministry of
Education of Iran by this number: 900/51/38.
Dietary habits

A pre-tested and validated dietary habit questionnaire
was used to gather data on dietary intake [12–14]. Parents of children were asked to report the consumption
frequency of their children for fruits, vegetables, milk,
yogurt, cheese, red meat, poultry, fish and egg based on
eleven multiple choice frequency response categories
varying from “never” to 3 times/day. After data gathering, participants were categorized based on these response categories. Because of low number of
participants, we combined some response categories to
obtain three categories: <1time/ wk, 1–3 time/ wk and >
3 time/ wk. Presence of children in these categories was
considered as the main exposure. To obtain total intake
of dairy, we combined the intake of milk, yogurt and
cheese. The frequency response categories for dairy were
as follow: <1 time/day, 1–2 times/ day, > 2 times/ day.
Difference in categories of dairy products compared with
other food groups was due to high consumption of these
products in children participated in the current study. In
addition, intake of poultry and fish was combined to obtain intake of white meat. Also, white meat and red meat
were combined to obtained intake of total meat. Dietary
data were gathered using interview in this study.
Anthropometric measurements.
Height was measured by a fixed tape meter to the wall
in the standard position without shoes while the shoulders, heels and buttocks were in contact with the wall
with an accuracy of 1 cm. Weight was measured with
minimal clothing and without shoes by analogue scale
with a precision of 100 g. To determine stunting, we first
calculated z-score for height-for-age. For this case, we
compared the height for age index obtained in this study
with the reference index reported by WHO 2007 for primary school students and adolescents using Anthro software [15]. The following formula was applied in this
regard: Z-score = (observed value - median value of the
reference population) / standard deviation value of reference population. In the current study, the height-for-age
z-score of <-1 was considered as stunting [16].
Statistical analysis

All statistical analyses were done by SPSS software (version 19.0; SPSS Inc, Chicago IL). To assess categorical
variables across children with different disabilities, we
used Chi-square test. We applied one-way ANOVA to
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compare continuous variables across children with different disabilities. To assess the association between
dietary intakes and stunting, first, we categorized children based on frequency response categories for intake
of fruits, vegetables, dairy, meat, red meat, white meat
and egg. Binary logistic regression in crude and adjusted
model was used to assess the association between intake
of mentioned food groups and stunting. In adjusted
model, age (continuous), sex (categorical) and other food
groups (categorical) were adjusted. In these analyses, the
first category of dietary intakes was considered as the
reference category. To obtain the overall trend of odds
ratios (OR) across increasing categories of dietary intakes, we considered these categories as an ordinal variable in the logistic regression models. In addition to
total children, all analyses were separately done on mentally retarded children. P values less than 0.05 was considered as significant level.

Results
Overall, 470 exceptional children including 226 mentally
retarded, 182 deaf and 62 blind participated in the
current study. Mean age of total children was 10.02 ±
2.04 years and 45.1% were female. The prevalence of
stunting among children was 50.6%. In addition, stunting
was prevalent among 71.7% of mentally retarded children, 36.3% of those who were deaf and 17.7% of blind
children.
General characteristics and dietary intakes of exceptional children are shown in Table 1. Mentally retarded
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children had higher age, weight, were more likely to be
female and stunted compared with children who were
deaf or blind. In terms of dietary intakes, mentally retarded children had greater intake of vegetables, meat,
red meat and white meat compared with other children.
Multivariable-adjusted odds ratios and 95% confidence
intervals for stunting across categories of food groups intake are indicated in Table 2. Compared with children in
the lowest category of egg consumption (< 1 time/ wk),
those who consumed egg 1–3 time/ wk were less likely
to be stunted (OR: 0.41, 95% CI: 0.24–0.71); such that
after controlling for age, sex and other dietary intakes,
children who ate egg 1–3 times/ wk had 64% less odds
for having stunting compared with those who ate it < 1
time/ wk (OR: 0.36, 95% CI: 0.21–0.64). In terms of
other dietary factors including intake of fruits, vegetables, meat, red meat and white meat, no significant association was found with stunting either before or after
adjusting for confounders.
Multivariable-adjusted odds ratios and 95% confidence intervals for stunting across categories of dairy
consumption is presented in Fig. 1a. After controlling
for age, sex and other dietary factors, children in the
highest category of dairy consumption (> 2 times/day)
were 50% less likely to be stunted compared with
those in the lowest category (< 1 time/day) (OR: 0.50,
95% CI: 0.29–0.87).
Multivariable-adjusted odds ratios and 95% confidence
intervals for stunting across categories of food groups intake in mentally retarded children are indicated in

Table 1 General characteristics and dietary intake of exceptional children (n = 470)
P**

Variables

Mentally retarded

Deaf

Blind

N

226

182

62

Age (y)

10.57 ± 2.08

9.44 ± 1.85

9.75 ± 1.93

0.001

Sex (boy) (%)

49.6

58.8

62.9

0.022

a

Weight (kg)

34.30 ± 12.83

30.74 ± 11.16

33.18 ± 12.92

0.018

Height (cm)

129.83 ± 14.63

131.49 ± 13.14

137.40 ± 11.94

0.001

Height for age (Z-score)

-1.81 ± 1.5

-0.57 ± 1.5

0.08 ± 1.21

< 0.001

BMI for age (Z-score)

0.74 ± 1.72

-0.01 ± 1.76

-0.37 ± 2.22

< 0.001

Stunting (%)

71.7

36.3

17.7

0.001

Dietary intake
Fruit (> 3 times/wk) (%)

71.7

41.2

53.2

0.449

Vegetables (> 3 times/wk) (%)

15.5

4.9

1.6

0.001

Meat (> 3 times/wk) (%)

26.5

9.3

9.7

0.001

Red meat (> 3 times/wk) (%)

30.5

12.6

17.7

0.041

White meat (> 3 times/wk) (%)

10.2

6

1.6

0.017

Egg (> 3 times/wk) (%)

21.2

14.3

9.7

0.292

Dairy (> 2 times/d) (%)

34.5

23.1

21

0.418

a

Data are Mean ± SD or percent
**
Obtained using chi- square or ANOVA, where appropriate
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Table 2 Multivariable-adjusted odds ratios and 95% confidence
intervals for stunting across categories of food groups intake in
total children
Dietary intake < 1 times/wk 1–3 times/wk

> 3 times/wk

P-trend

Fruits
Crude

1

0.74 (0.34–1.58) 0.83 (0.42–1.65) 0.82

Adjusteda

1

0.51 (0.22–1.19) 0.66 (0.30–1.42) 0.528

Crude

1

1.55 (1.00-2.40)

Adjusted

1

1.41 (0.87–2.28) 1.04 (0.50–2.14) 0.163

Crude

1

1.22 (0.72–2.07) 1.73 (0.91–3.30) 0.106

Adjusted

1

1.17 (0.65–2.09) 1.68 (0.82–3.41) 0.117

Crude

1

1.11 (0.65–1.88) 1.44 (0.79–2.65) 0.247

Adjusted

1

0.99 (0.55–1.78) 1.34 (0.69–2.61) 0.396

Crude

1

1.26 (0.80–1.98) 1.16 (0.54–2.51) 0.431

Adjusted

1

1.13 (0.68–1.88) 1.03 (0.44–2.42) 0.447

Crude

1

0.41 (0.24–0.71) 0.73 (0.38–1.40) 0.307

Adjusted

1

0.36 (0.21–0.64) 0.69 (0.35–1.39) 0.424

Vegetables
1.52 (0.79–2.93) 0.051

Meat

Red meat

White meat

Egg

Data are OR (95% CI)
a
adjusted for age, sex and other dietary intakes

Table 3 and Fig. 1b. After taking potential confounders
into account, mentally retarded children who consumed
egg 1–3 times/wk had 62% lower odds of stunting compared with those who consumed < 1 time/wk (OR: 0.38,
95% CI: 0.16–0.89). No other significant association was
seen between food groups and stunting among mentally
retarded children in both crude and adjusted models.

Discussion
In the present study, we observed that more than half of
studied children were stunted. Mentally retarded children were more affected compared with other children.
Compared with children in the lowest category of dairy
consumption, those in the highest category had lower
odds of stunting. This association remained significant
even after adjusting for covariates. In addition, moderate
consumption of egg (1–3 time/wk) was inversely associated with stunting either before or after controlling for
potential confounders. Such finding was also seen
among mentally retarded children. No other significant
association was seen between intakes of other food
groups and stunting. Therefore, we conducted this first
study to assess the association between intakes of food
groups and stunting in exceptional children.
Stunting is related to high morbidity during childhood
and it’s consequence in adulthood [17]. This condition

can increase risk of overweight, obesity and related diseases such as metabolic syndrome in adulthood [17, 18].
Furthermore, stunting in children can affect the cognitive
status and also reduce work capacity [5, 19]. Nutritional
deficiency has an important role in etiology of stunting. A
large number of studies have assessed the association between dietary intakes and stunting [5, 20, 21]. Also, the
nutritional status of exceptional children has received less
attention such as mentally retarded ones. Our findings indicated that a significant inverse association between dairy
consumption and stunting. A prospective cohort study by
Nguyen et al. were showed that consumption of dairy
products was decreased risk of stunting [22]. In another
cohort study, children who consumed higher amount of
milk had better height growth, while consumption of
other dairy products revealed no beneficial effect on linear
growth [23]. However, the mentioned studies were conducted on healthy children, not exceptional ones. To our
knowledge, we found no study assessing the association
between dairy consumption and stunting in exceptional
children.
Dairy products contain protein and calcium, which
can explain the value of dairy products on linear growth
in children [24, 25]. Evidence suggests adequate calcium
intake is involved in bone mineralization and linear
growth [26, 27]. Therefore, appropriate intake of calcium
may decrease stunting phenomenon. Furthermore, dairy
products are a rich source of high-biological value proteins that are required for linear growth [26, 28]. Consumption of these proteins stimulates the secretion
insulin-like growth factor 1, known as contributing factor in linear growth of bone and mineralization [29]. On
the other hand, children need more calcium and highquality proteins (relative to weight) compared with
adults because of rapid linear growth [30, 31]. Therefore,
children who eat more dairy products, have higher bone
and linear growth.
In current study, we also observed that moderate intake of egg was decreased risk of stunting among exceptional children and also those who were mentally
retarded. Some studies had shown similar findings in
healthy children. Results from a clinical trial showed that
children who consumed 10 eggs per week during 6
months had better linear growth compared with those
who ate ≤ 1 egg per week [32]. Similarly, Lee et al. reported [5] that consumption of egg in short stature children were significantly lower than those with normal
height. In contrast, in a cross-sectional study on children
in Ethiopia, Melaku et al. showed that higher adherence
to a dietary pattern rich in egg was increased risk of
stunting [33]. Perhaps this inconsistency in Melaku et al.
[33] study was due to the evaluation of the egg-rich dietary pattern, not intake of egg alone, compared with
present and previous studies. In addition, existence of
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Fig. 1 Multivariable-adjusted odds ratios and 95% confidence intervals for stunting across categories of dairy consumption in; a total children, b
mentally retarded children. In adjusted model, age, sex and other dietary factors were controlled

contraversion findings can also be explained by the impact of different cooking methods in different
communities.
In this study, we did not observe any association between the third tertile of egg consumption and stunting,
which seems to be due to the small number of participants in this tertile and the widening of the confidence
interval. Another reason might be cholesterol content of
egg. Recently, stunted children were showed with high
level of cholesterol compared to normal-height ones.
Therefore, high intake of egg may stimulate stunting
through elevation of total cholesterol concentrations.
Egg also, contains high- biological value proteins that
are required for skeletal and linear growth. In addition,
egg is known as a rich source of choline and essential
fatty acids. Choline as a precursor of phospholipids is
important for growth and development [34]. Some

studies have confirmed that choline have beneficial effects on linear growth [35, 36]. In a study by Semba
et al. [36] on rural Malawi children, stunted children
had lower serum choline levels than those with normal
height children [36]. In addition, cell proliferation that is
the first step of linear growth needs proteins, choline
and essential fatty acids that are available in egg [32, 35,
37]. Since in some communities these children are kept
in day care institutions, there are restrictions on their
food choices. Swallowing milk and eggs is easy and many
children are interested in eating them. Therefore, the inclusion of milk and eggs, especially in snacks, can play
an important role in the development of these children.
In the current study, we did not any association between other food groups intake including meat, fruits
and vegetables and risk of stunting. This association
remained non-significant even after adjustment for
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Table 3 Multivariable-adjusted odds ratios and 95% confidence intervals for stunting across categories of food groups intake in
mentally retarded children
Dietary intake

< 1 times/wk

1–3 times/wk

> 3 times/wk

P-trend

1

1.02 (0.22–1.10)

1.14 (0.41–3.15)

0.732

1

0.61 (0.15–2.41)

1.16 (0.34–3.97)

0.448

Crude

1

1.08 (0.57–2.03)

1.00 (0.42–2.40)

0.926

Adjusted model

1

0.87 (0.41–1.85)

0.60 (0.21–1.73)

0.659

Crude

1

1.78 (0.74–4.29)

1.58 (0.60–4.16)

0.553

Adjusted model

1

2.47 (0.66–9.28)

1.88 (0.23–15.18)

0.419

Crude

1

1.49 (0.66–3.36)

1.74 (0.71–4.28)

0.25

Adjusted model

1

0.92 (0.28–2.99)

1.60 (0.25–9.96)

0.351

Crude

1

1.22 (0.58–2.57)

0.44 (0.15–1.25)

0.255

Adjusted model

1

1.09 (0.42–2.81)

0.45 (0.11–1.96)

0.733

Crude

1

0.49 (0.23–1.06)

0.64 (0.25–1.61)

0.326

Adjusted model

1

0.38 (0.16–0.89)

0.61 (0.22–1.70)

0.395

Fruits
Crude
a

Adjusted model
Vegetables

Meat

Red meat

White meat

Egg

Data are OR (95% CI)
a
adjusted for age, sex and other dietary intakes

potential confounders. However, most previous studies
showed an inverse association. For example, Lee et al.
[5] observed that consumption of meat, fruits and vegetables in normal height children were higher than
stunted children [5]. These food groups are rich in antioxidants, different types of vitamins and minerals and
also proteins which all are necessary for growth and development [10]. Different physical condition of children
participated in the current study compared with those
who participated in the earlier studies might be a reason
for the lack of significant association between these food
groups (meat, fruits and vegetables) and stunting in the
current study. Chewing meat, fruits and vegetables for
exceptional children particularly those who were mentally retarded might be more difficult than healthy children. In addition, energy intake of exceptional children
might be low due to their physical condition and it is
possible that beneficial effects of meat, fruits and vegetables intakes on height might occur in the range of required energy intake. However, we did not measure
energy intake in the current study. It is suggested that
future studies consider this important variable for dietdisease relationships in exceptional children.
Unfortunately, this study suffered from some limitations which made our findings inconsistent. Based on
the cross-sectional design of our study, we cannot confer
a causal link between intakes of food groups and

stunting. First, since the study design is cross-sectional,
the cause-and-effect relationship between food groups
and short stature is not clear. Therefore, these findings
should be supported by prospective studies. Second,
given that the use of questionnaires to collect nutritional
data is a common method in studies, remembering the
foods consumed can cause errors. However, this information was requested and recorded by an experienced
and trained nutritionist. Although we adjusted some
confounders for to assess the association between food
groups intake and stunting, it seems that some other
variables such as energy intake, parents’ height, economic status and physical activity need to be considered
in future studies in which we did not collect data on
these variables in the present study.

Conclusions
In conclusion, prevalence of stunting among exceptional
children participated in the current study was high
(50.6%). In terms of contributing factors, intakes of dairy
products and egg were inversely associated with risk of
stunting. However, intakes of other food groups including meat, fruits and vegetables were not significantly related to stunting. According to the findings of this study,
it is recommended to include milk and eggs in the diet
of these children, especially in areas where these children are kept in institutions.

Nachvak et al. BMC Pediatrics

(2020) 20:394

Abbreviations
WHO: World health organization; OR: Odds ratios
Acknowledgements
The authors thank and appreciate from exceptional children and their
parents to participate in this study.

Page 7 of 8

8.

9.

Authors’ contributions
SN and SM contributed to the conception and design of the research; OS
and SM contributed to the acquisition and analysis of the data; OS, AE and
RM contributed to the interpretation of the data; and OS, SM, and SN
contributed to drafting of the manuscript. All authors are in agreement with
the manuscript and declare that the content has not been published
elsewhere. The author(s) read and approved the final manuscript.

10.

Funding
This study was funded by Institute of Education Studies affiliated to Ministry
of Education of Iran (900/51/38).

12.

Availability of data and materials
Data will be available upon request from the corresponding author.

14.

Ethics approval and consent to participate
Parents of children provided written informed consent to participate their
children in the current study. The study was ethically approved by the
Institute of Education Studies affiliated to Ministry of Education of Iran by
this number: 900/51/38.

11.

13.

15.

16.

Consent for publication
Not applicable.
17.
Competing interests
The authors have no conflict of interest to disclose.
Author details
1
Department of Nutritional Sciences, Research Center for Environmental
Determinants of Health (RCEDH), Health Institute, Kermanshah University of
Medical Sciences, Kermanshah, Iran. 2Department of Community Nutrition,
School of Nutritional Sciences and Dietetics, Tehran University of Medical
Sciences, Tehran, Iran. 3Department of Nutrition & Biochemistry, School of
Public Health, Tehran University of Medical Sciences, Tehran, Iran.

18.

19.

Received: 17 May 2020 Accepted: 12 August 2020

20.

References
1. Geberselassie SB, Abebe SM, Melsew YA, Mutuku SM, Wassie MM.
Prevalence of stunting and its associated factors among children 6–59
months of age in Libo-Kemekem district, Northwest Ethiopia; A community
based cross sectional study. PloS One. 2018;13(5):e0195361. https://doi.org/
10.1371/journal.pone.0195361. .
2. Eid A, Omar A, Khalid M, Ibrahim M. The Association between Children Born
Small for Gestational Age and Short Stature. J Preg Child Health. 2016;
3(220):2. https://doi.org/10.4172/2376-127X.1000220.
3. Organization WH. WHO child growth standards: length/height for age,
weight-for-age, weight-for-length, weight-for-height and body mass indexfor-age, methods and development. World Health Organization; 2006.
4. Esfarjani F, Roustaee R, Mohammadi-Nasrabadi F, Esmaillzadeh A. Major
dietary patterns in relation to stunting among children in Tehran, Iran. J
Health Popul Nutr. 2013;31(2):202. https://doi.org/10.3329/jhpn.v31i2.16384.
5. Lee EM, Park MJ, Ahn HS, Lee SM. Differences in Dietary Intakes between
Normal and Short Stature Korean Children Visiting a Growth Clinic. Clin Nutr
Res. 2012;1(1):23–9. https://doi.org/10.7762/cnr.2012.1.1.23.
6. Boonstra V, Arends N, Stijnen T, Blum W, Akkerman O, Hokken-Koelega A.
Food intake of children with short stature born small for gestational age
before and during a randomized GH trial. Horm Res Paediatr. 2006;65(1):23–
30. https://doi.org/10.1159/000090376.
7. Millward DJ. Nutrition, infection and stunting: the roles of deficiencies of
individual nutrients and foods, and of inflammation, as determinants of
reduced linear growth of children. Nutr Res Rev. 2017;30(1):50–72. https://
doi.org/10.1017/S0954422416000238.

21.

22.

23.

24.

25.

26.

27.

28.

Solomons NW, Villamor E. Associations of underweight and stunting with
impaired vitamin D status in Ecuadorian children provides insights into the
vitamin’s biology. Public Health Nutr. 2018:1–3. https://doi.org/10.1017/
S1368980018000927.
Pirkle CM, Lucas M, Dallaire R, et al. Food insecurity and nutritional
biomarkers in relation to stature in Inuit children from Nunavik. Can J Public
Health. 2014;105(4):e233–8. https://doi.org/10.17269/cjph.105.4520.
Wolnicka K, Taraszewska AM, Jaczewska-Schuetz J, Jarosz M. Factors within
the family environment such as parents’ dietary habits and fruit and
vegetable availability have the greatest influence on fruit and vegetable
consumption by Polish children. Public Health Nutr. 2015;18(15):2705–11.
https://doi.org/10.1017/S1368980015000695.
Akachi Y, Canning D. The height of women in Sub-Saharan Africa: the role
of health, nutrition, and income in childhood. Ann Hum Biol. 2007;34(4):
397–410. https://doi.org/10.1080/03014460701452868.
Nachvak SM. Fruits and Vegetables Consumption in Children with Down
Syndrome. JOEC. 2013;13(3):67–72.
Nachvak S, Rahimi F, Pasdar Y, Niazi P, Darbandi M. Investigating nutritional
status of exceptional pupils in Tehran city (2014). IJPT. 2016;8(2):12826–36.
Esfahani FH, Asghari G, Mirmiran P, Azizi F. Reproducibility and relative
validity of food group intake in a food frequency questionnaire developed
for the Tehran Lipid and Glucose Study. J Epidemiol. 2010;5(2):150–8.
https://doi.org/10.2188/jea.JE20090083. 20 ) .
Craig CL, Marshall AL, Sjorstrom M, et al. International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc. 2003;
35(8):1381–95. https://doi.org/10.1249/01.MSS.0000078924.61453.FB.
de Onis M, Onyango AW, Van den Broeck J, Chumlea CW, Martorell R.
Measurement and standardization protocols for anthropometry used in the
construction of a new international growth reference. Food Nutr Bull. 2004;
25(1_suppl1):27–36. https://doi.org/10.1177/15648265040251S104.
van Stuijvenberg ME, Nel J, Schoeman SE, Lombard CJ, du Plessis LM,
Dhansay MA. Low intake of calcium and vitamin D, but not zinc, iron or
vitamin A, is associated with stunting in 2-to 5-year-old children. Nutrition.
2015;31(6):841–846.https://doi.org/10.1016/j.nut.2014.12.011.
Sterling R, Miranda JJ, Gilman RH, et al. Early anthropometric indices
predict short stature and overweight status in a cohort of Peruvians in
early adolescence. Am J Phys Anthropol. 2012;148(3):451–61. https://doi.
org/10.1002/ajpa.22073.
Pelletier D, Haider R, Hajeebhoy N, Mangasaryan N, Mwadime R, Sarkar S.
The principles and practices of nutrition advocacy: evidence, experience
and the way forward for stunting reduction. Matern Child Nutr. 2013;9(S2):
83–100. https://doi.org/10.1111/mcn.12081.
Bhargava A. Protein and Micronutrient Intakes Are Associated with Child
Growth and Morbidity from Infancy to Adulthood in the Philippines. J Nutr.
2016;146(1):133–41. https://doi.org/10.3945/jn.115.222869.
Muslimatun S, Wiradnyani LA. Dietary diversity, animal source food
consumption and linear growth among children aged 1–5 years in
Bandung, Indonesia: a longitudinal observational study. BrJ Nutr. 2016;116
Suppl 1:27–35. https://doi.org/10.1017/s0007114515005395.
Nguyen BK, Sandjaja S, Poh B, et al. The Consumption of Dairy and Its
Association with Nutritional Status in the South East Asian Nutrition Surveys
(SEANUTS). Nutrients. 2018;10(6). https://doi.org/10.3390/nu10060759.
Wiley AS. Consumption of milk, but not other dairy products, is associated
with height among US preschool children in NHANES 1999–2002. Ann Hum
Biol. 2009;36(2):125–38. https://doi.org/10.1080/03014460802680466.
Omidvar N, Neyestani T-R, Hajifaraji M, et al. Calcium intake, major dietary
sources and bone health indicators in Iranian primary school children. Iran J
Pediatr. 2015;25(1). https://doi.org/10.5812/ijp.177.
Michaelsen KF. Cow’s milk in the prevention and treatment of stunting and
wasting. Food Nutr Bull. 2013;34(2):249–51. https://doi.org/10.1177/
156482651303400219.
Fang A, Li K, Li H, et al. Low habitual dietary calcium and linear growth
from adolescence to young adulthood: results from the China Health
and Nutrition Survey. Sci Rep. 2017;7(1):9111. https://doi.org/10.1038/
s41598-017-08943-6.
Pasdar Y, Moradi S, Moradinazar M, Hamzeh B, Najafi F. Better muscle
strength with healthy eating. Eating Weight Disord. 2020.1-8. https://doi.
org/10.1007/s40519-020-00863-1.
Samadi M, Moradi S, Azadbakht L, Rezaei M, Hojati N. Adherence to healthy
diet is related to better linear growth with open growth plate in adolescent
girls. Nutr Res. 2020;76:29–36. https://doi.org/10.1016/j.nutres.2020.02.002.

Nachvak et al. BMC Pediatrics

(2020) 20:394

29. Dror DK, Allen LH. The importance of milk and other animal-source foods
for children in low-income countries. Food Nutr Bull. 2011;32(3):227–43.
https://doi.org/10.1177/156482651103200307.
30. Rizzoli R. Dairy products, yogurts, and bone health–. Am J Clin Nutr. 2014;
99(5):1256S–1262S. https://doi.org/10.3945/ajcn.113.073056.
31. Whitsett-Morrow D, LaGrange V. Protein Quality, Growth, and Malnutrition:
Advances in Science and the Role of Dairy Ingredients in Food Aid:
Introduction. SAGE Publications Sage CA: Los Angeles, CA; 2016. https://doi.
org/10.1177/0379572116629246.
32. Baum JI, Miller JD, Gaines BL. The effect of egg supplementation on growth
parameters in children participating in a school feeding program in rural
Uganda: a pilot study. Food Nutr Res. 2017;61(1):1330097. https://doi.org/10.
1080/16546628.2017.1330097.
33. Melaku YA, Gill TK, Taylor AW, Adams R, Shi Z, Worku A. Associations of
childhood, maternal and household dietary patterns with childhood
stunting in Ethiopia: proposing an alternative and plausible dietary analysis
method to dietary diversity scores. Nutr J. 2018;17(1):14. https://doi.org/10.
1186/s12937-018-0316-3.
34. Zeisel SH, Da Costa K-A. Choline: an essential nutrient for public health. Nutr
Rev. 2009;67(11):615–23. doi:https://doi.org/10.1111/j.1753-4887.2009.00246.x.
35. Iannotti LL, Lutter CK, Bunn DA, Stewart CP. Eggs: the uncracked potential
for improving maternal and young child nutrition among the world’s poor.
Nutr Rev. 2014;72(6):355–68. https://doi.org/10.1111/nure.12107.
36. Semba RD, Zhang P, Gonzalez-Freire M, et al. The association of serum
choline with linear growth failure in young children from rural Malawi, 2.
Am J Clin Nutr. 2016;104(1):191–7. https://doi.org/10.3945/ajcn.115.129684.
37. Herron KL, Fernandez ML. Are the current dietary guidelines regarding egg
consumption appropriate? J Nutr. 2004;134(1):187–90. https://doi.org/10.
1093/jn/134.1.187.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

