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Abstract

Background: Although previous literature has assessed the association of household food insecurity with nutritional

outcomes among children, the findings are inconsistent across different study populations.

Objectives: We aimed to evaluate the association of household food insecurity with nutritional outcomes among children

residing in Khalkhal city, Iran.

Methods: The present cross-sectional study was conducted on 300 Iranian children aged 2 - 5 years who visited urban and rural

health care centers between November 2021 and March 2022. Subjects were included in the survey using multi-stage cluster

sampling. Household food security status was assessed using the United States Department of Agriculture (USDA) 18-item food

security questionnaire. Odds ratios (95% confidence interval) for stunting according to the food insecurity score were estimated

using multivariable logistic regression in three models.

Results: In the present study, 39% of participants had food security, while the prevalence of food insecurity without hunger, food

insecurity with moderate hunger, and food insecurity with severe hunger were 22.3%, 23%, and 15.7%, respectively. In all models,

both categorized and continuous food insecurity scores correlated negatively with weight (P for all < 0.001). Food insecurity did

not predict the risk of stunting in all subjects before and after adjustment (Model 1: OR (CI) = 1.008 (0.96-1.05), P = 0.72; Model 2:

OR (CI) = 1.01 (0.96 - 1.05), P = 0.65; Model 3: OR (CI) = 0.98 (0.92-1.04), P = 0.53).

Conclusions: In the current study, we found that Iranian families with the lowest income had the highest food insecurity

scores. Household food insecurity was negatively correlated with weight status among children aged 2 - 5 years.
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1. Background

Food security is considered a universal public health

challenge, especially for children, because it affects their

physical, cognitive, and socio-emotional development

and has long-term negative consequences (1, 2). Food

insecurity is characterized by limited or uncertain

availability of nutritious and safe foods or by a limited

or uncertain ability to acquire acceptable foods in

socially acceptable ways (3, 4). It is especially prevalent

among low-income families with children (5). Food

insecurity in Iranian households with children is

proportionally high, as confirmed by previous reports

(6-8). Even if children do not eat less, they may still

suffer from poor nutrition or consume lower-quality

food because food-insecure households with tight
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budgets often purchase cheaper, energy-dense foods (9,

10). According to previous evidence, food insecurity may

impact children's healthcare utilization, leading to

higher hospitalization rates and healthcare

expenditures compared to food-secure households (5,

11).

Nutritional status significantly impacts children's

growth during sensitive periods. Early weight and

height development are widely acknowledged to

significantly affect health quality later in life (12).

Children need more energy and nutrients, such as zinc

and iron, to sustain adequate growth (13). Household

food insecurity is linked to protein-energy malnutrition

manifestations in children, including wasting, stunting,

and underweight, especially in developing countries (1).

The World Health Organization (WHO) has identified

underweight as the most significant risk factor

contributing to the global burden of disease in

developing countries (14). In nations with high child

mortality, food insecurity results in nearly 15 percent of

the total disability-adjusted life years (DALY) losses (15,

16). Although previous literature has assessed the

association of household food insecurity with

nutritional outcomes among children, the findings are

inconsistent across different study populations. In a

study, the prevalence of food insecurity among 300

subjects in Tabriz was 36.3%, with significant

determinants being employment status, education,

income, and family size (17). In another study by Alipour

et al., the prevalence of food insecurity was 36%, and it

was associated with body mass index, male gender, and

income (6). A study among households with

schoolchildren in southeastern Iran reported a

prevalence of food insecurity at 42.3%, which was

associated with household size, the number of children

per household, parents' education levels, father's

occupation status, and household income (18).

2. Objectives

The objectives of this study were to evaluate the

prevalence of food insecurity and the association of

household food insecurity with nutritional outcomes

among children aged 2 - 5 years old residing in urban

and rural areas of Khalkhal City, Iran.

3. Methods

3.1. Study Design and Participants

The present study was a cross-sectional study

conducted on 300 Iranian children aged 2 - 5 years old

who were referred to urban and rural healthcare centers

between November 2021 and March 2022. Subjects were

included in the survey using multi-stage cluster

sampling. The inclusion criteria included the

willingness of parents to participate in the study and

children of both sexes between 2 and 5 years old. The

exclusion criteria included having specific diseases from

birth (such as diabetes, cardiovascular diseases, kidney,

and liver disorders), low birth weight (LBW), incomplete

demographic or anthropometric information, and the

inability of the child's parents to answer the questions

of the questionnaire. Based on previous reports (19),

considering 95% power and an α of 5%, a sample of 300

Iranian children aged 2 - 5 years old was selected from

those referring to healthcare centers.

The research protocol was in accordance with the

guidelines of the Declaration of Helsinki. The Ethics

Committee in Research of Khalkhal University of

Medical Sciences approved the study protocol (Ethical

code: IR.KHALUMS.REC.1400.002, Approval date: 2021-07-

10). Informed consent was obtained from all the

mothers, and a fingerprint was obtained from illiterate

mothers at the beginning of the study.

3.2. Data Collection and Questionnaires

Socioeconomic and demographic information,

including age, gender, parents’ education (illiterate-

elementary, high school, or college), parents’ job

(unemployed, laborer, freelance, government employee,

private employee), race, type of residence (urban or

rural), number of family members, owner status

(landlord or tenant), type of house (villa or apartment),

and income (million tomans), were obtained through

questionnaires administered by interviewers. The

participants' mothers filled out the questionnaire.

Household food security status was assessed using

the United States Department of Agriculture (USDA) 18-

item food security questionnaire (20), a standard tool

previously validated in Iran (21, 22). The USDA household

food security questionnaire has two sections: The first

section is for all households (questions 1 to 10), and the

second section is completed for households with

children under the age of 18 years (questions 11 to 18).

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=209704
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The food insecurity score was generated by determining

whether questions were answered "sometimes" or

"often" with a value of 1 and "never" with a value of 0.

Families with a total score of 0 - 2 are considered food

secure, scores of 3 - 7 indicate food insecurity without

hunger, scores of 8 - 12 indicate food insecurity with

moderate hunger, and scores greater than 13 indicate

food insecurity with severe hunger.

3.3. Measurement of Anthropometric Indices

In the current study, weight was measured using a

digital scale made in Japan with an accuracy of 0.1 kg,

without shoes and with the least possible clothing. A

tape measure with an accuracy of 0.5 cm was used to

measure height in a standing position. During the

anthropometric measurements, participants wore light

clothes and took off their shoes (23). Weight-for-age

(WAZ) and height-for-age (HAZ) Z scores were used to

evaluate growth status in this study.

A child is considered underweight when they are

either thin or short for their age, which is caused by a

combination of chronic and acute malnutrition.

Stunted growth describes children who are short for

their age but not necessarily thin, and it is caused by

chronic malnutrition. Underweight and stunting

among children were defined as WAZ and HAZ less than

2 standard deviations (Z score < -2SD) below the median

of the reference population (growth references, WHO

2007), respectively. The definition of overweight and

obesity was based on WAZ exceeding two standard

deviations above the median of the reference

population (12, 24).

3.4. Statistical Analysis

In this study, the normal distribution of the data was

evaluated using the Kolmogorov-Smirnov statistical test.

ANOVA with Post hoc (LSD) was used to compare

quantitative variables across quartiles of food insecurity

scores, and the chi-square test was used to compare

qualitative variables. The correlation between the food

insecurity score (independent variable) and type of

weight (dependent variable) was evaluated using the

Spearman test (without adjustment), the partial test

adjusted for age and sex, and the partial test adjusted for

age, sex, mother's and father's education, race, father's

and mother's job, type of residence, number of family

members, owner status, type of house, and income. The

association between the food insecurity score

(independent variable) and anthropometric indices,

including weight and height (dependent variables), was

assessed using linear regression analysis in three

models: Model 1, without adjustment; model 2, linear

regression analysis adjusted for age and sex; model 3,

linear regression analysis adjusted for age, sex, mother's

and father's education, race, father's and mother's job,

type of residence, number of family members, owner

status, type of house, and income. Odds ratios (95% CI)

for stunting according to the food insecurity score were

estimated using multivariable logistic regression in

three models: Model 1, unadjusted; model 2, adjusted for

age and sex; model 3, adjusted for age, sex, mother's and

father's education, race, father's and mother's job, type

of residence, number of family members, owner status,

type of house, and income. All quantitative data are

expressed as mean ± standard deviation, and qualitative

data are expressed as numbers (percentages). SPSS

version 19 software was used for data analysis. A P-value

less than 0.05 was considered significant.

4. Results

The characteristics of subjects across quartiles of

food insecurity scores are presented in Table 1. The mean

age of the participants was 3.77 ± 0.97 years. Of the 300

participants studied, 159 (53%) were girls. In the present

study, 39% of participants had food security, and the

prevalence of food insecurity without hunger, food

insecurity with moderate hunger, and food insecurity

with severe hunger were 22.3%, 23%, and 15.7%,

respectively. Across quartiles of food insecurity scores,

significant differences were observed regarding the

mother's education, father's education, race, father's job,

mother's job, type of weight, income, and owner status

(P for all < 0.001), as well as type of house (P = 0.001) and

type of residence (P = 0.001). Compared to quartile 1,

those in quartile 4 had lower income (P < 0.001).

The correlation between the food insecurity score

(independent variable) and type of weight (dependent

variable) is shown in Table 2. In all models, categorized

and continuous food insecurity scores correlated

negatively with type of weight (P for all < 0.001). The

food insecurity score (independent variable) didn’t

show any significant association with anthropometric

indices, including weight and height (dependent

variables) (P > 0.05) (Table 3).
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Table 1. The Characteristics of Subjects Across Quartiles of Food Insecurity Score

Characteristics Food Insecurity Quartiles P-Value

Q1 (N = 67) Q2 (N = 91) Q3 (N = 69) Q4 (N = 73) Total (N = 300)

Food insecurity score 0.00 ± 0.00 a,b,c 2.26 ± 1.24 d,e 8.01 ± 1.64 f 13.50 ± 1.74 5.81 ± 5.36 < 0.001 a

Type of food insecurity (N)

< 0.001 
b

Food security 67 (57.3) 50 (42.7) 0 (0.0) 0 (0.0) 117 (39.0)

Food insecurity without hunger 0 (0.0) 41 (61.2) 26 (38.8) 0 (0.0) 67 (22.3)

Food insecurity with moderate hunger 0 (0.0) 0 (0.0) 43 (62.3) 26 (37.7) 69 (23)

Food insecurity with severe hunger 0 (0.0) 0 (0.0) 0 (0.0) 47 (100.0) 47 (15.7)

Age (y) 3.71 ± 1.00 3.97 ± 0.99 3.59 ± 1.01 3.73 ± 0.88 3.77 ± 0.97 0.09 a

Sex

0.37 
bBoy 27 (19.1) 43 (30.5) 38 (27.0) 33 (23.4) 141 (47.0)

Girl 40 (25.2) 48 (30.2) 31 (19.5) 40 (25.2) 159 (53.0)

Mother's education

< 0.001 
b

Illiterate-elementary 9 (14.8) 17 (27.9) 10 (16.4) 25 (41.0) 61 (20.3)

High-school 26 (21.3) 32 (26.2) 25 (20.5) 39 (32.0) 122 (40.7)

College 32 (27.4) 42 (35.9) 34 (29.1) 9 (7.7) 117 (39.0)

Father's education

< 0.001 b
Illiterate-elementary 0 (0.0) 5 (13.9) 11 (30.6) 20 (55.6) 36 (12.0)

High-school 25 (16.7) 45 (30.0) 31 (20.7) 49 (32.7) 150 (50.0)

College 42 (36.8) 41 (36.0) 27 (23.7) 4 (3.5) 114 (38.0)

Race

< 0.001 
b

Persian 3 (10.3) 7 (24.1) 13 (44.8) 6 (20.7) 29 (9.7)

Turkish 60 (27.3) 67 (30.5) 37 (16.8) 56 (25.5) 220 (73.3)

Kurdish 4 (7.8) 17 (33.3) 19 (37.3) 11 (21.6) 51 (17.0)

Father's job

< 0.001 
b

Unemployed 0 (0.0) 0 (0.0) 4 (44.4) 5 (55.6) 9 (3.0)

Labor 14 (17.1) 18 (22.0) 19 (23.2) 31 (37.8) 82 (27.3)

Freelance 25 (21.7) 37 (32.2) 24 (20.9) 29 (25.2) 115 (38.3)

Government employee 25 (35.7) 32 (45.7) 12 (17.1) 1 (1.4) 70 (23.3)

Private employee 3 (12.5) 4 (16.7) 10 (41.7) 7 (29.2) 24 (8.0)

Mother's job

< 0.001 
b

Student 1 (6.7) 8 (53.3) 3 (20.0) 3 (20.0) 15 (5.0)

Housekeeper 47 (19.7) 71 (29.7) 52 (21.8) 69 (28.9) 239 (79.7)

Government employee 19 (57.6) 11 (33.3) 3 (9.1) 0 (0.0) 33 (11.0)

Private employee 0 (0.0) 1 (7.7) 11 (84.6) 1 (7.7) 13 (4.3)

Type of residence

0.001 
bUrban 44 (25.9) 60 (35.3) 38 (22.4) 28 (16.5) 170 (56.7)

Rural 23 (17.7) 31 (23.8) 31 (23.8) 45 (34.6) 130 (43.3)

Number of family members

0.07 b

2 0 (0.0) 0 (0.0) 1(100) 0 (0.0) 1 (0.3)

3 19 (19.0) 22 (22.0) 23 (23.0) 36 (36.0) 100 (33.3)

4 34 (23.9) 46 (32.4) 34 (23.9) 28 (19.7) 142 (47.3)

5 11 (25.6) 16 (37.2) 10 (23.3) 6 (14.0) 43 (14.3)

6 3 (21.4) 7 (50.0) 1 (7.1) 3 (21.4) 14 (4.7)

Type of height

0.07 
bNormal 48 (24.0) 54 (27.0) 53 (26.5) 45 (22.5) 200 (66.7)

Stunt 19 (19.0) 37 (37.0) 16 (16.0) 28 (28.0) 100 (33.3)

Height (m) 0.98 ± 0.11 0.99 ± 0.11 0.99 ± 0.11 0.97 ± 0.10 0.98 ± 0.11 0.58 a

Type of weight

< 0.001 
b

Underweight 9 (18.0) 26 (52.0) 5 (10.0) 10 (20) 50 (16.7)

Normal 51 (22.3) 52 (22.7) 63 (27.5) 63 (27.5) 229 (76.3)

Overweight 7 (33.3) 13 (61.9) 1 (4.8) 0 (0.0) 21 (7.0)

Weight (kg) 15.18 ± 3.32 15.09 ± 3.18 14.79 ± 2.69 14.58 ± 2.24 14.91 ± 2.90 0.57 
a

Owner status

< 0.001 
bLandlord 50 (27.6) 68 (37.6) 35 (19.3) 28 (15.5) 181 (60.3)

Tenant 17 (14.3) 23 (19.3) 34 (28.6) 45 (37.8) 119 (39.7)

Type of house

0.001 bVilla 24 (14.1) 56 (32.9) 42 (24.7) 48 (28.2) 170 (56.7)

Apartment 43 (33.1) 35 (26.9) 27 (20.8) 25 (19.2) 130 (43.3)

Income (million toman) 8.70 ± 5.09 a,b, c 6.41 ± 4.19 e 5.51 ± 1.90 4.79 ± 1.78 6.32 ± 3.82 < 0.001 a

a Significant difference between 1 compared to 2.
b Significant difference between 1 compared to 3.
c Significant difference between 1 compared to 4.

d Significant difference between 2 compared to 3.
e Significant difference between 2 compared to 4.
f Significant difference between 3 compared to 4.
g Values are expressed as No. (%) or Mean ± SD.
h From ANOVA for quantitative variables; Chi-square for qualitative variables; Post hoc (LSD) according to the following pattern.

Odds ratios (95% CI) for stunting according to the

food insecurity score are shown in Table 4. Food

insecurity couldn’t predict the risk of stunting in all

subjects before and after adjustment (P > 0.05).

5. Discussion

Food security is considered a universal public health

challenge, especially in children, because it affects their
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Table 2. The Correlation Between the Food Insecurity Score (Independent Variable) and Type of Weight (Dependent Variable)

Variable
Categorized Food Insecurity a Continuous Food Insecurity Score

R P-Value R P-Value b

Type of weight

Model 1 
c -0.27 < 0.001 -0.21 < 0.001

Model 2 
d -0.27 < 0.001 -0.25 < 0.001

Model 3 
e -0.23 < 0.001 -0.21 < 0.001

a Categorized food insecurity: Food security, food insecurity without hunger, food insecurity with moderate hunger, and food insecurity with severe hunger. Type of weight:
Underweight, normal, and overweight.
b P < 0.05 was considered as significant. R was considered as correlation coefficient.
c Correlation and significant with the Spearman test (without adjustment).
d Correlation and significant with the Partial-test along with the adjustment of age and sex.

e Correlation and significant with the Partial-test along with the adjustment of age, sex, mother's and father's education, race, father's and mother's job, type of residence,
number of family members, owner status, type of house, and income.

Table 3. The Association Between Food Insecurity Score (Independent Variable) and Anthropometric Indices Including Weight and Height (Dependent Variables)

Variables B (Unstandardized) SE P-Value a

Weight (kg)

Model 1 b -0.05 0.03 0.08

Model 2 c -0.03 0.02 0.17

Model 3 d 0.03 0.02 0.25

Height (m)

Model 1 b -0.001 0.001 0.27

Model 2 c -0.001 0.001 0.53

Model 3 d 0.001 0.001 0.64

a P < 0.05 was considered as significant.

b linear regression analysis without adjustment.

c linear regression analysis with adjustment for age and sex.

d linear regression analysis with correction for age, sex, mother's and father's education, race, father's and mother's job, type of residence, number of family members, owner
status, type of house, and income.

current physical, cognitive, and socio-emotional

development and has long-term negative consequences

(1, 2). Household food insecurity is linked to

manifestations of protein-energy malnutrition in

children, including wasting, stunting, and underweight,

particularly in developing countries (1).

In the present study conducted in Ardabil province, a

semi-developed province in north-west Iran, 61% of

households experienced some degree of food insecurity.

Various reports from different regions of Iran show

differing rates of food insecurity based on the

developmental conditions of the regions studied. For

example, the prevalence of household food insecurity

was 37.8% in Tehran (25), the capital of Iran, in 2019, 33.4%

in Esfahan (26), a developed province in Iran, in 2017,

and 32.9% in Yazd (27), an industrial city in central Iran,

in 2007. Studies conducted in less developed regions of

Iran, including Zabol (18) and Zahedan (28, 29), reported

higher prevalence rates of food insecurity (42% in Zabol

in 2019, 58.8% in Zahedan in 2017, and 66% in Zahedan in

2022), which are comparable to or lower than the rate

found in our study. The high food insecurity rate in our

study population may be due to recent unprecedented

inflation and a dramatic increase in the cost of food

items in Iran. It should also be noted that in the studies

cited above, food insecurity was not measured using the

same module, and the sociodemographic

characteristics (such as place of residence and parents’

education) of the studied households were not the

same.

We found that in the subgroup of our study sample

with the highest food insecurity score (quartile 4),

family income was significantly lower compared to

those with the lowest food insecurity score (quartile 1).
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Table 4. Odds Ratios (95% CI) for Stunting According to the Food Insecurity Score

Variables Or (CI) B P-Value a

Continuous food insecurity score

Model 1 b 1.008 (0.96 - 1.05) 0.008 0.72

Model 2 c 1.01 (0.96 - 1.05) 0.01 0.65

Model 3 d 0.98 (0.92 - 1.04) -0.01 0.53

Quartiles of food insecurity

Model 1 b 1.04 (0.84 - 1.30) 0.04 0.68

Model 2 c 1.05 (0.84 - 1.32) 0.05 0.62

Model 3 d 0.92 (0.68 - 1.32) -0.08 0.58

a P < 0.05 statistically significant by Multivariable logistic regression.

b unadjusted.

c adjusted for age and sex.

d adjustment for age, sex, mother's and father's education, race, father's and mother's job, type of residence, number of family members, owner status, type of house, and
income.

The average family income in quartile 4 was remarkably

lower than the current poverty threshold for a four-

person family in Iran. Several studies in both developing

and developed countries have indicated that economic

poverty is closely related to elevated levels of food

insecurity, and the incidence of food insecurity

increases as the income-to-needs ratio decreases (28, 30-

33). Findings from the Third National Health and

Nutrition Examination Survey (NHANES III) also

confirmed this relationship (34). A study in Canada

found evidence that improvements in family income

and employment reduce household food insecurity,

indicating the potential for income- and employment-

based policy strategies to strengthen household food

security for low-income families (35). Another study

conducted in southern Ethiopia documented that

income inequality exacerbates the food insecurity of

families, with food-insecure households having

significantly higher income inequality (Gini coefficient)

than those who were food-secure (36). In Iran,

Majdizadeh et al. showed a significant positive

relationship between poverty and food insecurity in

children aged 2 - 5 years (37). Moreover, a large sample

study in Tehran identified economic status as the key

determinant of food security, with approximately 63% of

the poorest families being food insecure (25).

Destitution affects the amount and quality of food each

family member consumes, and when family income

declines, food insecurity intensifies. Parents' education

and employment, particularly the head of the

household, can contribute to improving food security

by increasing household income levels.

Research on the association between food insecurity

and undernutrition complications in children has

produced mixed results. In the present study,

statistically significant and negative correlations were

observed between household food insecurity and type

of weight (underweight, normal, and overweight)

among children aged 2 - 5 years old. Our findings are

consistent with previous studies that demonstrated a

significant relationship between food insecurity and

underweight in children (16, 38-43). Previously, in Iran,

Abdurahman et al. also found that household food

insecurity was significantly predictive of underweight

among children aged 24 - 59 months (44). Hasan et al.

showed that household food insecurity increases the

risk of different forms of undernutrition, including

underweight and wasting, among children under the

age of 5 years in Bangladesh (45). In Colombia, Hackett

et al. reported that food-insecure preschool children

were three times as likely to be underweight as food-

secure children (4). Several reasons for these

relationships have been proposed, including decreased

dietary intakes, a reduction in portion size, frequency of

meals, and dietary variety as consequences of household

food insecurity (1). However, some studies conducted in

Nepal (46) and the United States (47) reported that

either household or child food insecurity was not

related to underweight in children aged 6 to 23 months

and less than 4 years, respectively.
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In the present study, household food insecurity

couldn’t predict the risk of stunting among children

aged 2 - 5 years old. Our findings are in line with the

findings of some previous studies. A study in Colombia

showed stunting had no association with food

insecurity among preschool children (4). Drennen et al.

also reported similar findings in children under the age

of 4 years in the United States (47). Another study on

children under 5 years in Ethiopia showed that food

insecurity had an association with being underweight,

but not with stunting and wasting (48). The negative

association between household food insecurity and type

of weight and the lack of relationship between food

insecurity and child stunting in our study may suggest

that the households’ short-term experience of food

insecurity within 30 days before the survey was not

enough to cause chronic malnutrition and stunting in

children. Underweight is more affected by recent

nutritional status. In other words, a reduction in the

child’s weight, generally seen as a rapid response to

inadequate energy intake, is thought to precede

decreases in height. Linear growth occurs much slower

than weight gain in children, and stunting may be

associated with prolonged micronutrient (especially

calcium, zinc, iodine, vitamin D, vitamin A, etc.) or

macronutrient (especially protein) deficiency.

Additionally, the rate of height growth in children is

affected by other factors such as birth length and

genetic potential (49, 50).

Conversely, the results of a study by Majdizadeh et al.

in Hamedan City, Iran, showed that food insecurity was

significantly related to the Z-score for height-for-age

among 2- to 5-year-old urban and rural children (37).

Tiwari et al. also revealed a strong association between

household food insecurity and stunting and severe

stunting among children under the age of 5 and 2 years,

respectively (51). In Pakistan, families that experienced

food insecurity with hunger were three times as likely to

have a stunted child (52).

Overall, the controversial findings achieved in

different investigations appear to be partly due to

different modules used to measure household food

insecurity, criteria used to determine children’s growth

status, studies’ sample sizes and age groups, and non-

nutritional factors.

5.1. Limitation and Recommendation

Our study has some limitations. First, the cross-

sectional design of the study did not allow us to

examine the causality between household food

insecurity and complications of undernutrition in

children. Second, the use of different modules for

measuring food insecurity and criteria for child

nutritional status in various studies presents a major

gap in the comparability of these findings. Third, we

didn’t assess the wasting index, an important

complication of undernutrition that refers to low

weight for height. Finally, the small sample size is

another limitation of our study that should be

considered in future research.

5.2. Conclusions

In the current study, we illustrate that Iranian

families with the lowest income had the highest food

insecurity scores. Household food insecurity was

negatively correlated with the type of weight among

children aged 2 - 5 years old, while it was not associated

with stunting. Designing and implementing

interventions to increase family income and food

security by policymakers may lead to improvements in

indices of undernutrition in children.

Acknowledgements

This paper is the result of an approved research

project by the Khalkhal University of Medical Sciences;

therefore, we thank all relevant authorities and all

participants for their participation in the

implementation of the research project.

Footnotes

Authors' Contribution: VA and HB was the main

investigator who collected the data and wrote the first

draft. EM and KN contributed to some aspects of the

study and provided the final manuscript. RE and HRM

helped in the analysis. MRM and AB and ME contributed

substantially to the data interpretation. All authors read

and approved the paper.

Conflict of Interests Statement: There are no conflicts

of interest.

Data Availability: The datasets generated and/or

analyzed during the current study are not publicly



Aghamohammadi V et al.

8 Iran J Pediatr. 2024; 34(4): e145493.

available but are available from the corresponding

author upon reasonable request.

Ethical Approval: The research protocol was in

accordance with the guidelines of the Declaration of

Helsinki. The Ethics Committee in Research of Khalkhal

University of Medical Sciences approved the study

protocol (Ethical code: IR.KHALUMS.REC.1400.002 ,

Approval date: 2021-07-10).

Funding/Support: This study is financially supported

by grant IR-KH-1400-02-022 from the Khalkhal University

of Medical Sciences.

Informed Consent: Informed consent was obtained

from all the mothers and fingerprint was obtained from

the Illiterate mothers at the beginning of the study

References

1. Moradi S, Mirzababaei A, Mohammadi H, Moosavian SP, Arab A,

Jannat B, et al. Food insecurity and the risk of undernutrition

complications among children and adolescents: A systematic review

and meta-analysis. Nutrition. 2019;62:52-60. [PubMed ID: 30852458].

https://doi.org/10.1016/j.nut.2018.11.029.

2. Sotoudeh M, Amaniyan S, Jonoush M, Vaismoradi M. A Community-

Based Survey of Household Food Insecurity and Associated

Sociodemographic Factors among 2-6 Years Old Children in the

Southeast of Iran. Nutrients. 2021;13(2). [PubMed ID: 33572243].

[PubMed Central ID: PMC7915508].

https://doi.org/10.3390/nu13020574.

3. Anderson SA. Core indicators of nutritional state for difficult-to-

sample populations. J Nutr. 1990;120 Suppl 11:1559-600. [PubMed ID:

2243305]. https://doi.org/10.1093/jn/120.suppl_11.1555.

4. Hackett M, Melgar-Quinonez H, Alvarez MC. Household food

insecurity associated with stunting and underweight among

preschool children in Antioquia, Colombia. Rev Panam Salud Publica.

2009;25(6):506-10. [PubMed ID: 19695145].

https://doi.org/10.1590/s1020-49892009000600006.

5. Thomas MMC, Miller DP, Morrissey TW. Food Insecurity and Child

Health. Pediatrics. 2019;144(4). [PubMed ID: 31501236].

https://doi.org/10.1542/peds.2019-0397.

6. Farhangi MA, Alipour B, Rezazadeh K, Ghaffary A, Eidi F,

SaberGharamaleki A, et al. Food insecurity and its related

socioeconomic and nutritional factors: evidence from a sample of

population in the northwest of Iran. J Quality Assurance Safety Of

Crops Foods. 2015;7(2):109-13. https://doi.org/10.3920/QAS2013.0317.

7. Alipour B, Abbasalizad Farhangi M, Asghari S, Amirkhizi F, Dahri M,

Abedimanesh N, et al. Child-specific food insecurity and its

sociodemographic and nutritional determinants among Iranian

schoolchildren. Ecol Food Nutr. 2016;55(3):231-40. [PubMed ID:

26813700]. https://doi.org/10.1080/03670244.2015.1129324.

8. Mohammadzadeh A, Dorosty A, Eshraghian M. Household food

security status and associated factors among high-school students in

Esfahan, Iran. Public Health Nutr. 2010;13(10):1609-13. [PubMed ID:

20359375]. https://doi.org/10.1017/S1368980010000467.

9. Carlsson E, Frostell A, Ludvigsson J, Faresjo M. Psychological stress in

children may alter the immune response. J Immunol.

2014;192(5):2071-81. [PubMed ID: 24501202].

https://doi.org/10.4049/jimmunol.1301713.

10. Segerstrom SC, Miller GE. Psychological stress and the human

immune system: a meta-analytic study of 30 years of inquiry. Psychol

Bull. 2004;130(4):601-30. [PubMed ID: 15250815]. [PubMed Central ID:

PMC1361287]. https://doi.org/10.1037/0033-2909.130.4.601.

11. Cook JT, Frank DA, Berkowitz C, Black MM, Casey PH, Cutts DB, et al.

Food insecurity is associated with adverse health outcomes among

human infants and toddlers. J Nutr. 2004;134(6):1432-8. [PubMed ID:

15173408]. https://doi.org/10.1093/jn/134.6.##.

12. Daneshzad E, Dorosty-Motlagh A, Bellissimo N, Suitor K, Azadbakht L.

Food insecurity, dietary acid load, dietary energy density and

anthropometric indices among Iranian children. Eat Weight Disord.

2021;26(3):839-46. [PubMed ID: 32424562].

https://doi.org/10.1007/s40519-020-00921-8.

13. Yakoob MY, Lo CW. Nutrition (Micronutrients) in Child Growth and

Development: A Systematic Review on Current Evidence,

Recommendations and Opportunities for Further Research. J Dev

Behav Pediatr. 2017;38(8):665-79. [PubMed ID: 28746059].

https://doi.org/10.1097/DBP.0000000000000482.

14. World Health Organization. Global health risks: mortality and burden

of disease attributable to selected major risks. World Health

Organization; 2009.

15. Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S, Murray CJ,

Comparative Risk Assessment Collaborating G. Selected major risk

factors and global and regional burden of disease. Lancet.

2002;360(9343):1347-60. [PubMed ID: 12423980].

https://doi.org/10.1016/S0140-6736(02)11403-6.

16. Wolde M, Berhan Y, Chala A. Determinants of underweight, stunting

and wasting among schoolchildren. BMC Public Health. 2015;15:8.

[PubMed ID: 25595201]. [PubMed Central ID: PMC4308904].

https://doi.org/10.1186/s12889-014-1337-2.

17. Dastgiri S, Mahboob S, Tutunchi H, Ostadrahimi A. [Determinants of

food insecurity: a cross–sectional study in Tabriz]. J Ardabil University

of medical sciences. 2006;6(3):233-9.

18. Shahraki SH, Amirkhizi F, Amirkhizi B, Hamedi S. Household Food

Insecurity Is Associated with Nutritional Status among Iranian

Children. Ecol Food Nutr. 2016;55(5):473-90. [PubMed ID: 27494152].

https://doi.org/10.1080/03670244.2016.1212710.

19. Ghassemi H. [Food and nutrition security in Iran: a national study on

planning and administration]. J Tehran: Plan Budget Organization.

1998:120-8. Persian.

20. USDA U%ERSUWDU. Household Food Security Survey Module: three-

stage design, with screeners. Economic Research Service, USDA. 2012.

21. Najibi N, Dorosty Motlagh AR, Sadrzadeh Yeganeh H, Eshraghian MR,

Daneshi M, Azizi S. [Food insecurity status and some associated

socioeconomic factors among newly diagnosed patients with type 2

diabetes in Shiraz, 2012]. J Arak Univ Med Sci. 2013;16(1):98-106. Persian.

22. Abbasi N, Ghoochani OM, Ghanian M, Kitterlin M. Assessment of

Households’ Food Insecurity through use of a USDA Questionnaire. J

Adv Plants Agric Res. 2016;4(5):1-8.

https://doi.org/10.15406/apar.2016.04.00155.

23. Haidari F, Aghamohammadi V, Mohammadshahi M, Ahmadi-Angali

K, Asghari-Jafarabadi M. Whey protein supplementation reducing

fasting levels of anandamide and 2-AG without weight loss in pre-

menopausal women with obesity on a weight-loss diet. Trials.

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=209704
http://www.ncbi.nlm.nih.gov/pubmed/30852458
https://doi.org/10.1016/j.nut.2018.11.029
http://www.ncbi.nlm.nih.gov/pubmed/33572243
https://www.ncbi.nlm.nih.gov/pmc/PMC7915508
https://doi.org/10.3390/nu13020574
http://www.ncbi.nlm.nih.gov/pubmed/2243305
https://doi.org/10.1093/jn/120.suppl_11.1555
http://www.ncbi.nlm.nih.gov/pubmed/19695145
https://doi.org/10.1590/s1020-49892009000600006
http://www.ncbi.nlm.nih.gov/pubmed/31501236
https://doi.org/10.1542/peds.2019-0397
https://doi.org/10.3920/QAS2013.0317
http://www.ncbi.nlm.nih.gov/pubmed/26813700
https://doi.org/10.1080/03670244.2015.1129324
http://www.ncbi.nlm.nih.gov/pubmed/20359375
https://doi.org/10.1017/S1368980010000467
http://www.ncbi.nlm.nih.gov/pubmed/24501202
https://doi.org/10.4049/jimmunol.1301713
http://www.ncbi.nlm.nih.gov/pubmed/15250815
https://www.ncbi.nlm.nih.gov/pmc/PMC1361287
https://doi.org/10.1037/0033-2909.130.4.601
http://www.ncbi.nlm.nih.gov/pubmed/15173408
https://doi.org/10.1093/jn/134.6.##
http://www.ncbi.nlm.nih.gov/pubmed/32424562
https://doi.org/10.1007/s40519-020-00921-8
http://www.ncbi.nlm.nih.gov/pubmed/28746059
https://doi.org/10.1097/DBP.0000000000000482
http://www.ncbi.nlm.nih.gov/pubmed/12423980
https://doi.org/10.1016/S0140-6736(02)11403-6
http://www.ncbi.nlm.nih.gov/pubmed/25595201
https://www.ncbi.nlm.nih.gov/pmc/PMC4308904
https://doi.org/10.1186/s12889-014-1337-2
http://www.ncbi.nlm.nih.gov/pubmed/27494152
https://doi.org/10.1080/03670244.2016.1212710
https://doi.org/10.15406/apar.2016.04.00155


Aghamohammadi V et al.

Iran J Pediatr. 2024; 34(4): e145493. 9

2020;21(1):657. [PubMed ID: 32680548]. [PubMed Central ID:

PMC7366891]. https://doi.org/10.1186/s13063-020-04586-7.

24. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.

Development of a WHO growth reference for school-aged children

and adolescents. Bull World Health Organ. 2007;85(9):660-7. [PubMed

ID: 18026621]. [PubMed Central ID: PMC2636412].

https://doi.org/10.2471/blt.07.043497.

25. Asadi-Lari M, Moosavi Jahromi L, Montazeri A, Rezaee N, Haeri

Mehrizi AA, Shams-Beyranvand M, et al. Socio-economic risk factors

of household food insecurity and their population attributable risk:

A population-based study. Med J Islam Repub Iran. 2019;33:119.

[PubMed ID: 32002392]. [PubMed Central ID: PMC6983490].

https://doi.org/10.34171/mjiri.33.119.

26. Jafari F, Ehsani S, Nadjarzadeh A, Esmaillzadeh A, Noori-Shadkam M,

Salehi-Abargouei A. Household food insecurity is associated with

abdominal but not general obesity among Iranian children. BMC

Public Health. 2017;17(1):350. [PubMed ID: 28431549]. [PubMed Central

ID: PMC5399801]. https://doi.org/10.1186/s12889-017-4262-3.

27. Eshraghian M, Siassi F, Jazayeri G. [Obesity and food security in Yazd

primary school students]. Tehran Univ Med TUMS Publications.

2007;65(7):68-76. Persian.

28. Mortazavi Z, Dorosty AR, Eshraghian MR, Ghaffari M, Ansari-

Moghaddam A, Mohammadi M. Household Food Insecurity in

Southeastern Iran: Severity and Related Factors. Int J Food Sci.

2017;2017:7536024. [PubMed ID: 29270423]. [PubMed Central ID:

PMC5705899]. https://doi.org/10.1155/2017/7536024.

29. Sheikhi M, Omidvar N, Tabatabaei SM, Eini-Zinab H. Is nutritional

functional diversity in the rural food and nutrition system

associated with food security and nutrient adequacy? A case study of

rural areas of Zahedan district, Iran. BMC Public Health. 2022;22(1):751.

[PubMed ID: 35421969]. [PubMed Central ID: PMC9008399].

https://doi.org/10.1186/s12889-022-13134-8.

30. Kleve S, Booth S, Davidson ZE, Palermo C. Walking the Food Security

Tightrope-Exploring the Experiences of Low-to-Middle Income

Melbourne Households. Int J Environ Res Public Health. 2018;15(10).

[PubMed ID: 30308968]. [PubMed Central ID: PMC6210237].

https://doi.org/10.3390/ijerph15102206.

31. Mutisya M, Kandala NB, Ngware MW, Kabiru CW. Household food

(in)security and nutritional status of urban poor children aged 6 to

23 months in Kenya. BMC Public Health. 2015;15:1052. [PubMed ID:

26463345]. [PubMed Central ID: PMC4605131].

https://doi.org/10.1186/s12889-015-2403-0.

32. Joulaei H, Keshani P, Foroozanfar Z, Afrashteh S, Hosseinkhani Z,

Mohsenpour MA, et al. Food insecurity status and its contributing

factors in slums' dwellers of southwest Iran, 2021: a cross-sectional

study. Arch Public Health. 2023;81(1):38. [PubMed ID: 36899422].

[PubMed Central ID: PMC9999310]. https://doi.org/10.1186/s13690-023-

01049-8.

33. Wight V, Kaushal N, Waldfogel J, Garfinkel I. Understanding the Link

between Poverty and Food Insecurity among Children: Does the

Definition of Poverty Matter? J Child Poverty. 2014;20(1):1-20. [PubMed

ID: 25045244]. [PubMed Central ID: PMC4096937].

https://doi.org/10.1080/10796126.2014.891973.

34. Alaimo K, Briefel RR, Frongillo EJ, Olson CM. Food insufficiency exists

in the United States: results from the third National Health and

Nutrition Examination Survey (NHANES III). Am J Public Health.

1998;88(3):419-26. [PubMed ID: 9518974]. [PubMed Central ID:

PMC1508323]. https://doi.org/10.2105/ajph.88.3.419.

35. Loopstra R, Tarasuk V. Severity of household food insecurity is

sensitive to change in household income and employment status

among low-income families. J Nutr. 2013;143(8):1316-23. [PubMed ID:

23761648]. https://doi.org/10.3945/jn.113.175414.

36. Debebe S, Zekarias EH. Analysis of poverty, income inequality and

their effects on food insecurity in southern Ethiopia. J Agriculture

Food Security. 2020;9:1-12. https://doi.org/10.1186/s40066-020-00269-3.

37. Majdizadeh G, Vafaei Mastanabady Z, Zare Z, Farazi M,

Mohammadizadeh Z, Movahedi A, et al. [Association of

socioeconomic status and food security with anthropometric

indices among 2-5 year-old urban and rural children in Hamedan

city]. J Food Health. 2019;5(2):19. Persian.

38. Ali Naser I, Jalil R, Wan Muda WM, Wan Nik WS, Mohd Shariff Z,

Abdullah MR. Association between household food insecurity and

nutritional outcomes among children in Northeastern of Peninsular

Malaysia. Nutr Res Pract. 2014;8(3):304-11. [PubMed ID: 24944776].

[PubMed Central ID: PMC4058565].

https://doi.org/10.4162/nrp.2014.8.3.304.

39. Rose ES, Blevins M, Gonzalez-Calvo L, Ndatimana E, Green AF, Lopez

M, et al. Determinants of undernutrition among children aged 6 to

59 months in rural Zambezia Province, Mozambique: Results of two

population-based serial cross-sectional surveys. BMC Nutr. 2015;1.

[PubMed ID: 27182448]. [PubMed Central ID: PMC4864006].

https://doi.org/10.1186/s40795-015-0039-1.

40. Betebo B, Ejajo T, Alemseged F, Massa D. Household Food Insecurity

and Its Association with Nutritional Status of Children 6-59 Months

of Age in East Badawacho District, South Ethiopia. J Environ Public

Health. 2017;2017:6373595. [PubMed ID: 28408936]. [PubMed Central

ID: PMC5376409]. https://doi.org/10.1155/2017/6373595.

41. Gubert MB, Spaniol AM, Segall-Correa AM, Perez-Escamilla R.

Understanding the double burden of malnutrition in food insecure

households in Brazil. Matern Child Nutr. 2017;13(3). [PubMed ID:

27502214]. [PubMed Central ID: PMC6866242].

https://doi.org/10.1111/mcn.12347.

42. Shamah-Levy T, Mundo-Rosas V, Morales-Ruan C, Cuevas-Nasu L,

Mendez-Gomez-Humaran I, Perez-Escamilla R. Food insecurity and

maternal-child nutritional status in Mexico: cross-sectional analysis

of the National Health and Nutrition Survey 2012. BMJ Open. 2017;7(7).

e014371. [PubMed ID: 28760785]. [PubMed Central ID: PMC5642771].

https://doi.org/10.1136/bmjopen-2016-014371.

43. Ali D, Saha KK, Nguyen PH, Diressie MT, Ruel MT, Menon P, et al.

Household food insecurity is associated with higher child

undernutrition in Bangladesh, Ethiopia, and Vietnam, but the effect

is not mediated by child dietary diversity. J Nutr. 2013;143(12):2015-21.

[PubMed ID: 24089419]. https://doi.org/10.3945/jn.113.175182.

44. Abdurahman AA, Mirzaei K, Dorosty AR, Rahimiforoushani A, Kedir

H. Household Food Insecurity May Predict Underweightand Wasting

among Children Aged 24-59 Months. Ecol Food Nutr. 2016;55(5):456-

72. [PubMed ID: 27467901].

https://doi.org/10.1080/03670244.2016.1207069.

45. Hasan MM, Ahmed S, Chowdhury MAH. Food insecurity and child

undernutrition: evidence from BDHS 2011. J Food Security. 2013;1(2):52-

7.

46. Osei A, Pandey P, Spiro D, Nielson J, Shrestha R, Talukder Z, et al.

Household food insecurity and nutritional status of children aged 6

to 23 months in Kailali District of Nepal. J Food Nutrition Bulletin.

2010;31(4):483-94. https://doi.org/10.1177/156482651003100402.

47. Drennen CR, Coleman SM, Ettinger de Cuba S, Frank DA, Chilton M,

Cook JT, et al. Food Insecurity, Health, and Development in Children

http://www.ncbi.nlm.nih.gov/pubmed/32680548
https://www.ncbi.nlm.nih.gov/pmc/PMC7366891
https://doi.org/10.1186/s13063-020-04586-7
http://www.ncbi.nlm.nih.gov/pubmed/18026621
https://www.ncbi.nlm.nih.gov/pmc/PMC2636412
https://doi.org/10.2471/blt.07.043497
http://www.ncbi.nlm.nih.gov/pubmed/32002392
https://www.ncbi.nlm.nih.gov/pmc/PMC6983490
https://doi.org/10.34171/mjiri.33.119
http://www.ncbi.nlm.nih.gov/pubmed/28431549
https://www.ncbi.nlm.nih.gov/pmc/PMC5399801
https://doi.org/10.1186/s12889-017-4262-3
http://www.ncbi.nlm.nih.gov/pubmed/29270423
https://www.ncbi.nlm.nih.gov/pmc/PMC5705899
https://doi.org/10.1155/2017/7536024
http://www.ncbi.nlm.nih.gov/pubmed/35421969
https://www.ncbi.nlm.nih.gov/pmc/PMC9008399
https://doi.org/10.1186/s12889-022-13134-8
http://www.ncbi.nlm.nih.gov/pubmed/30308968
https://www.ncbi.nlm.nih.gov/pmc/PMC6210237
https://doi.org/10.3390/ijerph15102206
http://www.ncbi.nlm.nih.gov/pubmed/26463345
https://www.ncbi.nlm.nih.gov/pmc/PMC4605131
https://doi.org/10.1186/s12889-015-2403-0
http://www.ncbi.nlm.nih.gov/pubmed/36899422
https://www.ncbi.nlm.nih.gov/pmc/PMC9999310
https://doi.org/10.1186/s13690-023-01049-8
https://doi.org/10.1186/s13690-023-01049-8
http://www.ncbi.nlm.nih.gov/pubmed/25045244
https://www.ncbi.nlm.nih.gov/pmc/PMC4096937
https://doi.org/10.1080/10796126.2014.891973
http://www.ncbi.nlm.nih.gov/pubmed/9518974
https://www.ncbi.nlm.nih.gov/pmc/PMC1508323
https://doi.org/10.2105/ajph.88.3.419
http://www.ncbi.nlm.nih.gov/pubmed/23761648
https://doi.org/10.3945/jn.113.175414
https://doi.org/10.1186/s40066-020-00269-3
http://www.ncbi.nlm.nih.gov/pubmed/24944776
https://www.ncbi.nlm.nih.gov/pmc/PMC4058565
https://doi.org/10.4162/nrp.2014.8.3.304
http://www.ncbi.nlm.nih.gov/pubmed/27182448
https://www.ncbi.nlm.nih.gov/pmc/PMC4864006
https://doi.org/10.1186/s40795-015-0039-1
http://www.ncbi.nlm.nih.gov/pubmed/28408936
https://www.ncbi.nlm.nih.gov/pmc/PMC5376409
https://doi.org/10.1155/2017/6373595
http://www.ncbi.nlm.nih.gov/pubmed/27502214
https://www.ncbi.nlm.nih.gov/pmc/PMC6866242
https://doi.org/10.1111/mcn.12347
http://www.ncbi.nlm.nih.gov/pubmed/28760785
https://www.ncbi.nlm.nih.gov/pmc/PMC5642771
https://doi.org/10.1136/bmjopen-2016-014371
http://www.ncbi.nlm.nih.gov/pubmed/24089419
https://doi.org/10.3945/jn.113.175182
http://www.ncbi.nlm.nih.gov/pubmed/27467901
https://doi.org/10.1080/03670244.2016.1207069
https://doi.org/10.1177/156482651003100402


Aghamohammadi V et al.

10 Iran J Pediatr. 2024; 34(4): e145493.

Under Age Four Years. Pediatrics. 2019;144(4). [PubMed ID: 31501233].

[PubMed Central ID: PMC7599443]. https://doi.org/10.1542/peds.2019-

0824.

48. Mulu E, Mengistie B. Household food insecurity and its association

with nutritional status of under five children in Sekela District,

Western Ethiopia: a comparative cross-sectional study. BMC Nutr.

2017;3:35. [PubMed ID: 32153815]. [PubMed Central ID: PMC7050715].

https://doi.org/10.1186/s40795-017-0149-z.

49. 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. [PubMed ID: 28112064].

https://doi.org/10.1017/S0954422416000238.

50. Neumann CG, Gewa C, Bwibo NO. Child nutrition in developing

countries. Pediatr Ann. 2004;33(10):658-74. [PubMed ID: 15515353].

https://doi.org/10.3928/0090-4481-20041001-09.

51. Tiwari R, Ausman LM, Agho KE. Determinants of stunting and severe

stunting among under-fives: evidence from the 2011 Nepal

Demographic and Health Survey. BMC Pediatr. 2014;14:239. [PubMed

ID: 25262003]. [PubMed Central ID: PMC4263111].

https://doi.org/10.1186/1471-2431-14-239.

52. Baig-Ansari N, Rahbar MH, Bhutta ZA, Badruddin SH. Child's gender

and household food insecurity are associated with stunting among

young Pakistani children residing in urban squatter settlements.

Food Nutr Bull. 2006;27(2):114-27. [PubMed ID: 16786978].

https://doi.org/10.1177/156482650602700203.

http://www.ncbi.nlm.nih.gov/pubmed/31501233
https://www.ncbi.nlm.nih.gov/pmc/PMC7599443
https://doi.org/10.1542/peds.2019-0824
https://doi.org/10.1542/peds.2019-0824
http://www.ncbi.nlm.nih.gov/pubmed/32153815
https://www.ncbi.nlm.nih.gov/pmc/PMC7050715
https://doi.org/10.1186/s40795-017-0149-z
http://www.ncbi.nlm.nih.gov/pubmed/28112064
https://doi.org/10.1017/S0954422416000238
http://www.ncbi.nlm.nih.gov/pubmed/15515353
https://doi.org/10.3928/0090-4481-20041001-09
http://www.ncbi.nlm.nih.gov/pubmed/25262003
https://www.ncbi.nlm.nih.gov/pmc/PMC4263111
https://doi.org/10.1186/1471-2431-14-239
http://www.ncbi.nlm.nih.gov/pubmed/16786978
https://doi.org/10.1177/156482650602700203

