
ORIGINAL RESEARCH
published: 31 May 2022

doi: 10.3389/fped.2022.816870

Frontiers in Pediatrics | www.frontiersin.org 1 May 2022 | Volume 10 | Article 816870

Edited by:

Tefera Chane Mekonnen,

Wollo University, Ethiopia

Reviewed by:

Hans Van Rostenberghe,

Universiti Sains Malaysia

(USM), Malaysia

Marta Cristina Sanabria,

National University of

Asunción, Paraguay

*Correspondence:

Guirong Song

songsara2016@dmu.edu.cn

Jin Sun

916054417@qq.com

Specialty section:

This article was submitted to

Children and Health,

a section of the journal

Frontiers in Pediatrics

Received: 17 November 2021

Accepted: 25 April 2022

Published: 31 May 2022

Citation:

Tang X, Zhao Y, Liu Q, Hu D, Li G,

Sun J and Song G (2022) The Effect

of Risk Accumulation on Childhood

Stunting: A Matched Case-Control

Study in China.

Front. Pediatr. 10:816870.

doi: 10.3389/fped.2022.816870

The Effect of Risk Accumulation on
Childhood Stunting: A Matched
Case-Control Study in China
Xiao Tang 1, Yanxiang Zhao 2, Qigui Liu 1, Dongmei Hu 1, Guorong Li 1, Jin Sun 3* and

Guirong Song 1*

1Department of Health Statistics, School of Public Health, Dalian Medical University, Dalian, China, 2Department of

Mathematics, George Washington University, Washington, DC, United States, 3Child Health Care Clinic, Dalian Women and

Children’s Medical Group, Dalian, China

Background: Childhood stunting is still a public health issue in developing countries.

However, the traditional risk factors in underdeveloped areas are not suitable for

developed areas. Moreover, childhood stunting is influenced by several aspects, including

genetic factors, perinatal conditions, maternal conditions, and feeding practices, but

researchers have not yet clearly determined which aspect of risk accumulation exerts the

strongest effect on stunting. A matched case-control study was performed to assess the

effect of different aspects of risk accumulation on childhood stunting.

Methods: In total, 173 non-stunted children aged under 7 years were matched in

our study from June 2015 to August 2015. The children’s heights and weights were

measured, and a self-administered questionnaire was used to collect information from

the children and their parents. The risk factors were assigned to the following five aspects:

genetic factors, family socioeconomic status, perinatal conditions, maternal conditions,

and feeding practices. The risk accumulation (cumulative risk score) in each aspect

was defined as the total number of risk factors that occurred in a certain aspect. A

conditional logistic regression model was used to assess the effect of risk accumulation

in different aspects on stunting, and a decision-tree model was used to predict the

children’s stunting based on the cumulative risk scores.

Results: Risk accumulation in perinatal conditions, genetic factors, maternal conditions,

and feeding practices was significant in the conditional logistic regression model (P <

0.05). Perinatal conditions showed the strongest association with stunting in both the

regression analysis and the decision-tree model. The risk of stunting increased by 1.199

times if the cumulative risk score for perinatal conditions increased by one, and the

probability of stunting was 75.8% if the cumulative risk score for perinatal conditions

was ≥1.

Conclusion: Risk accumulation in perinatal conditions, genetic factors, maternal

conditions, and feeding practices substantially increased the probability of stunting

in childhood. Perinatal conditions were the main aspect associated with stunting.

Prevention and intervention measures should be adopted to avoid risk accumulation

in stunting.
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INTRODUCTION

Stunting is defined as a height-for-age index less than
two standard deviations below the median World Health
Organization (WHO) Child Growth Standard and is
an acknowledged indicator representing the child health
inequalities (1). Stunting is the result of chronic or recurrent
undernutrition and leads to increased morbidity and mortality
rates. Stunting is associated with future negative consequences,
such as poor cognitive development, impaired physical
growth, lower economic productivity, and a greater risk
of developing overweight, obesity, and non-communicable
diseases in adulthood (2–5). Furthermore, stunting even has
an intergenerational effect, resulting in growth retardation in
offspring (6, 7).

Child growth retardation is still an important problem in
underdeveloped and developing countries. In 2012, theWHO set
global targets for maternal and child nutrition, the first of which
is to reduce the number of stunted children aged under 5 years
by 40% by 2025 (8). Although the national prevalence of stunting
in China has significantly decreased over the past two decades,
disparities remain among age, provincial, and ethnic groups due
to unequal economic levels and diverse cultures (9). Stunting
remains a public health concern in China, even in urban areas.

The determinants of stunting are multidimensional and
have obvious regional characteristics. Understanding the roles
of risk factors in childhood stunting is very important for
proposing targeted strategies to alleviate this problem. Previous
studies investigated the determinants of stunting to develop
prevention and control strategies (7, 10–13). However, these
studies were mostly conducted in underdeveloped areas, and
thus, the risk factors of stunting in these areas included
poor wealth status, poor sanitary practices, and inadequate
healthcare utilization, such as unprotected sources of water,
delivery at home, unavailability of latrines, number of siblings,
non-exclusive breastfeeding, and insufficient food intake (10–
13). In urban areas of China, the publicsanitary situation and
infrastructure have substantially improved, most families are able
to provide adequate food to pregnant women and children, and
pregnant women are required to follow standardized healthcare
procedures (14, 15). Furthermore, China has insisted on the
one-child policy for more than three decades. Most families
have only one child, and each family provides almost the
best conditions for their children. Therefore, some traditional
risk factors in underdeveloped countries are inapplicable to
developed regions. Researchers have not yet clearly identified the
key factors responsible for childhood stunting in urban areas
of China.

Furthermore, previous studies have shown that the
determinants of childhood stunting involve several aspects,
such as genetics, socioeconomic status, healthcare, nutrition,
and environmental situation, each of which still includes many
factors (7, 10–13). Most research focused on paramount factors
(independent factors) among a large number of factors or
only explored a certain aspect influencing stunting (7, 10–13).
However, risk accumulation increases the probability of stunting,
although the specific aspect of risk accumulation that exerts the

strongest effect on stunting is unclear. Therefore, studying risk
accumulation in various aspects could be critical for preventing
stunting in children, revealing the aspect of risk accumulation
that exerts the strongest effect, and guiding the development of
prevention/intervention/alleviation strategies for stunting.

Dalian is a modern coastal city in northeast China whose
economy and environment significantly differ from those of
underdeveloped areas. Although the prevalence of stunting in
Dalian has shown a steady decreasing trend and is lower than
the national average beginning in 2,000, stunting is still a
public concern in Dalian (16, 17). Our aim is to identify the
determinants of stunting in children aged under 7 years in Dalian
and assess the effects of risk accumulation in different dimensions
on stunting. Moreover, we established a classification scheme
using a decision-tree model to predict the occurrence of stunting
based on the cumulative score for each dimension.

METHODS

Selection of Subjects and Research Design
In our city, pregnant women are asked to follow standardized
prenatal checkup procedures and build medical records from
early pregnancy, which is approximately 4 gestational weeks,
and preschool children are required to undergo routine health
checkups in community health service stations (CHSS). A 1:1
matched case-control study of children aged under 7 years in
Dalian was conducted. First, 12 CHSS were selected from three
districts and four counties in Dalian City, China using a stratified
sampling technique. Districts and counties were defined as strata,
and one or two CHSS were randomly selected from each district
or county based on the medical service capacity for children at
the CHSS.

Second, children with stunting were recruited from June 2015
to August 2015 from 12 CHSS, and the stunted children were
defined as having a height more than two standard deviations
below themedian child growth standard by sex and age according
to the growth and development standards for children under 7
years in China (18). Meanwhile, normally developing children
undergoing health checkups in the same CHSS were recruited
as the control group and matched with the cases. Each pair of
cases and controls was matched according to sex, administrative
district, and age. Specifically, when the case was younger than
1 year, the age difference between the case and the control was
controlled to <1 week, and when the case was older than 1 year,
the age difference was controlled to <1 month.

The inclusion criteria were children with permanent urban or
rural household registration in Dalian and a complete physical
examination, and their parents provided informed consent
and volunteered to participate in the study. Children who
had endemic diseases, tuberculosis, chronic nephritis, delayed
hepatitis, asthma, chronic bronchitis, heart disease, nervous
system diseases, endocrine diseases, rickets (above medium
degree), or other deformities or lived locally for less than two-
thirds of their age were excluded from the study.

We estimated the appropriate sample size based on the results
of similar studies in which the odds ratios (ORs) of different
factors ranged from ∼1.5 to 5. Setting the significance level to
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0.05, OR = 2, and statistical power = 80%, the final estimated
sample size was 340 subjects, including 170 cases and 170
controls. In total, 175 matched pairs were recruited for our study.

The study was approved by the ethics committee of Dalian
Medical University. Written informed consent was provided by
all participants. The research was conducted in accordance with
the Declaration of Helsinki.

Anthropometric Measurements
Weight was measured with the children wearing minimal
clothing and bare feet. Weight was recorded in kilograms. For
the children aged under 2 years, a length board with a sliding
headpiece was used to measure their height. These children
lay in the supine position along the middle of the board, and
trained nurses moved the sliding headpiece to touch their heads.
Children aged 2–6 years stood against the stadiometer on the
board, and trained nurses measured their heights. Newborns
were placed in the supine position with flattened knee joints
and straightened lower limbs by nurses. Then, the distance
from the top of the head to the heel, measured with a soft
ruler, was recorded as the length at birth. Height was recorded
in centimeters.

Questionnaire Collection and Independent
Variables
Development of the Questionnaire
A questionnaire was constructed and used to collect the
information about the children and parents. In total, 13
specialists in child healthcare, high-risk infant and premature
infant subspecialties, child nutrition, child growth and
development subspecialties, and epidemiology participated
in the development of the questionnaire. First, Director Sun
wrote a draft based on years of work experience and related
references (7, 19–21), and then, 13 specialists discussed the
items in six meetings and repeatedly modified the questionnaire.
Finally, 27 items in the questionnaire were generally based on the
traditional determinants of stunting and some suitable factors
in urban areas and were divided into five dimensions. Before
the formal investigation, the practicality and universality of the
questionnaire were verified by a pilot survey conducted in several
CHSS. Some parents with a low education level were able to fully
understand the statements in the questionnaire with the help of
the investigators.

Reliability and Validity of the Questionnaire
Item reduction was completed by the following multiple
methods: (1) exploratory factor analysis: the items had a factor
loading of 0.4 or lower; (2) Cronbach’s alpha coefficient: an
item caused the coefficient to increase by 0.1 or greater when
it was deleted; and (3) discrimination analysis: the difference
in the items between the case and control groups was not
statistically significant at the 0.05 level. The items that met at
least two of the above requirements were deleted. Hence, the
following six items were deleted: “annual incomes,” “pregnancy
complications,” “birth asphyxia or admission to the neonatal
intensive care unit (NICU),” “placenta previa or placental shape

aberrations,” “bigeminal pregnancy or multiple pregnancies,” and
“timing of complementary feeding.”

The Cronbach’s alpha coefficient of the final questionnaire
with 21 items was 0.73. Construct validity was examined
by performing a confirmatory factor analysis (CFA). The
comparative fit index (CFI) is a comparative goodness-of-fit
index. The analysis of the questionnaire produced a CFI value of
0.91, an X2/df of 1.83, and a root mean square of approximate
error (RMSEA) of 0.05. In summary, the fitting effect of the
questionnaire was very good.

Questionnaire Collection
When parents took their children to the CHSS for a physical
examination, the medical staff, who had completed unified
training, asked the parents the questions and completed
the questionnaire. The responses to some items related to
medical history, including perinatal conditions (intrauterine
growth retardation, premature birth, birth length, birth
weight, and vernix/meconium-stained amniotic fluid)
and maternal conditions (weight gain and disease during
pregnancy), were confirmed by the staff after checking the
medical records. Two matched pairs were excluded because
of incomplete questionnaires, resulting in 173 pairs for
the analysis.

Independent Variables
The final questionnaire included the following five dimensions:
genetic factors (four items), maternal conditions (five items),
family socioeconomic status (three items), perinatal conditions
(four items), and feeding practices (five items).

Genetic Factors
The genetic factors included parental height and childbearing
age. A mother and father with a height less than the median
minus one standard deviation were classified as short (short =
1, normal = 0). A mother and father with a childbearing age
more than 35 years were identified as older (older = 1, younger
= 0). The sum of the scores for each item (four items, range: 0–4
points) was defined as the cumulative risk scores for the genetic
factors, and higher scores indicated greater risk accumulation in
the genetic aspect.

Family Socioeconomic Status
The family socioeconomic status included parental education
and the housing situation. Paternal education = 1 if the father
had a high school degree or less, while paternal education =

0 if the father had a college degree or above. The variable of
maternal education was defined the same as paternal education.
Housing situation = 1 if the room was dark and dank, and
housing situation = 0 if the room was bright. The sum of
the scores for each item (three items, range: 0–3 points) was
defined as the cumulative risk score for family socioeconomic
status, and higher scores indicated greater risk accumulation in
socioeconomic status.

Maternal Conditions
The maternal conditions included the following five items: (1)
self-perceived nutrition situation during pregnancy (0 = good,
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TABLE 1 | Differences in determinants associated with stunting between the case group and the control group.

Variables Case group Control group OR (95% CI) χ
2 P

n (%) n (%)

Genetic factors

Paternal bearing age

<35 years 102 (59.0) 129 (74.6)

≥35 years 71 (41.0) 44 (25.4) 2.200 (1.369, 3.817) 9.495 0.002

Maternal bearing age

<35 years 127 (73.4) 140 (80.9)

≥35 years 46 (26.6) 33 (19.1) 1.810 (1.062, 3.038) 2.772 0.096

Paternal height

Short 35 (20.2) 4 (2.3) 11.333 (3.481, 36.900) 27.771 <0.001

Not short 138 (79.8) 169 (97.7)

Maternal height

Short 47 (27.2) 3 (1.7) 23.000 (5.583, 94.747) 45.261 <0.001

Not short 126 (72.8) 170 (98.3)

Family socioeconomic status

Paternal education

High school or less 123 (71.1) 117 (67.6) 1.177 (0.745, 1.861) 0.490 0.484

College or above 50 (28.9) 56 (32.4)

Maternal education

High school or less 124 (71.7) 124 (71.7) 1.000 (0.626, 1.596) 0.000 1.000

College or above 49 (28.3) 49 (28.3)

Housing conditions

Small, dark and damp 20 (11.6) 1 (0.6) 20.000 (2.684, 149.022) 18.301 <0.001

Spacious, bright and airy 153 (88.4) 172 (99.4)

Maternal conditions during pregnancy

Maternal weight gain

<9 kg 51 (29.5) 16 (9.2) 4.102 (2.230, 7.545) 22.674 <0.001

≥9 kg 122 (70.5) 157 (90.8)

Stained amniotic fluid

Yes 11 (6.4) 2 (1.2) 5.806 (1.267, 26.594) 6.474 0.011

No 162 (93.6) 171 (98.8)

Maternal nutrition

Poor 84 (48.6) 32 (18.5) 4.159 (2.558, 6.761) 35.067 <0.001

Good 89 (51.4) 141 (81.5)

Nutritional disease

Yes 24 (13.9) 11 (6.4) 2.372 (1.123, 5.009) 5.372 0.02

No 149 (86.1) 162 (93.6)

Picky eating habits

Yes 42 (24.3) 15 (8.7) 3.377 (1.793, 6.362) 15.312 <0.001

No 131 (75.7) 158 (91.3)

Perinatal conditions

Birth weight

Low 41 (23.7) 11 (6.4) 4.574 (2.262, 9.249) 20.369 <0.001

Normal 132 (76.3) 162 (93.6)

Birth length

Low 88 (50.9) 21 (12.1) 7.494 (4.345, 12.924) 60.124 <0.001

Normal 85 (49.1) 152 (87.9)

Intrauterine growth retardation

Yes 14 (8.1) 5 (2.9) 2.958 (1.042, 8.403) 4.511 0.034

No 159 (91.9) 168 (97.1)

(Continued)
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TABLE 1 | Continued

Variables Case group Control group OR (95% CI) χ
2 P

n (%) n (%)

Premature infant

Yes 30 (17.3) 8 (4.6) 4.327 (1.922, 9.740) 14.308 <0.001

No 143 (82.7) 165 (95.4)

Feeding practices

Breastfeeding

Yes 148 (85.5) 166 (96.0)

No 25 (14.5) 7 (4.0) 4.006 (1.683, 9.532) 11.157 0.001

Children’s appetite

Good 50 (28.9) 112 (64.7)

Poor 123 (71.1) 61 (35.3) 4.517 (2.871, 7.106) 44.620 <0.001

Chasing children to feed

Yes 55 (31.8) 37 (21.4) 1.713 (1.056, 2.780) 4.797 0.029

No 118 (68.2) 136 (78.6)

Not swallowing food for a long time during meals

Yes 26 (15.0) 11 (6.4) 2.276 (1.132, 4.577) 5.541 0.019

No 147 (85.0) 162 (93.6)

Susceptibility to diarrhea

Yes 26 (15.0) 11 (6.4) 2.605 (1.243, 5.457) 6.809 0.009

No 147 (85.0) 162 (93.6)

Other factors

Fathers’ drinking habit

Yes 32 (18.5) 31 (17.9) 1.071 (0.517, 2.220) 0.019 0.889

No 141 (81.5) 142 (82.1)

Fathers’ smoking habit

Yes 64 (37.0) 68 (39.3) 0.886 (0.546, 1.436) 0.242 0.623

No 109 (63.0) 105 (60.7)

OR, odds ratio; CI, confidence interval.

1 = not good); (2) perceived pickiness during pregnancy (1
= yes, 0 = no); (3) weight gain during pregnancy >9 kg
(1 = no, 0 = yes); (4) diagnosed with a nutritional disease
during pregnancy (1 = yes, 0 = no); and (5) diagnosed
with vernix/meconium-stained amniotic fluid (1 = yes, 0 =

no). Maternal weight gain during pregnancy was defined as
the difference between the weight before delivery and that in
early pregnancy, which was approximately 4 gestational weeks.
The sum of the scores for each item (five items, range: 0–5
points) was calculated as the cumulative risk score of maternal
conditions, and higher scores indicated greater risk accumulation
in maternal conditions.

Perinatal Conditions
The following four characteristics of perinatal conditions were
extracted from the questionnaire and medical records: (1)
intrauterine growth retardation if the estimated fetal weight
(EFW) on ultrasound was less than the 10th percentile of the
standard fetal weight in China for the gestational week (1
= yes, 0 = no) (22); (2) premature baby if the gestational
age was <37 weeks (1 = yes, 0 = no); (3) low birth weight
if the birth weight was <2.5 kg (1 = yes, 0 = no); and
(4) low birth length if the birth length was less than the

median minus one SD (1 = yes, 0 = no). The sum of
the scores for each item (four items, range: 0–4 points) was
defined as the cumulative risk score for perinatal conditions,
and higher scores indicated greater risk accumulation in
perinatal conditions.

Feeding Practices
The following five characteristics of feeding were extracted
from the questionnaire: (1) breastfeeding (0 = yes, 1 = no);
(2) children’s appetite (0 = good, 1 = bad); (3) chasing
children to feed (0 = no, 1 = yes); (4) not swallowing
food for a long time during meals (0 = no, 1 = yes); and
(5) susceptibility to diarrhea (0 = no, 1 = yes). In our
study, breastfeeding was defined as breastfeeding for at least
6 months from birth and consuming more than 80% of the
total amount of breast milk. If a baby was younger than 6
months, breastfeeding was defined as consuming more than 80%
of the total amount of breast milk. Susceptibility to diarrhea
was defined as a child having diarrhea at least twice a month.
The sum of the scores for each item (five items, range: 0–5
points) was defined as the cumulative risk score for feeding
practices, and higher scores indicated greater risk accumulation
in feeding practices.
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TABLE 2 | The effect of the cumulative scores for different dimensions on childhood stunting by conditional logistic models.

Variables Univariate model Multivariate model

OR (95% CI) P OR (95% CI) P

Genetic factors 2.506 (1.818, 3.455) <0.001 1.609 (1.110, 2.333) 0.012

Family socioeconomic status 1.328 (1.044, 1.688) 0.021 0.961 (0.683, 1.352) 0.818

Maternal conditions 2.393 (1.762, 3.251) <0.001 1.541 (1.055, 2.252) 0.025

Perinatal conditions 3.140 (2.065, 4.774) <0.001 2.199 (1.434, 3.371) <0.001

Feeding practices 1.980 (1.534, 2.556) <0.001 1.421 (1.063, 1.899) 0.018

OR, odds ratio; CI, confidence interval.

All models were adjusted for fathers’ smoking and drinking habits.

TABLE 3 | The association between the total score and childhood stunting by conditional logistic models.

Total score Crude analyses Model 1
†

Model 2‡

OR (95% CI) P OR (95% CI) P OR (95% CI) P

0–3 – – –

4–6 4.191 (2.110, 8.322) <0.001 4.242 (2.119, 8.491) <0.001 4.236 (2.115, 8.486) <0.001

≥ 7 14.774 (6.743, 32.369) <0.001 14.885 (6.771, 32.725) <0.001 14.844 (6.749, 32.748) <0.001

OR, odds ratio; CI, confidence interval.
†
Model 1 was adjusted for fathers’ smoking habits.

‡Model 2 was adjusted for fathers’ smoking and drinking habits.

The total score was the sum of each cumulative risk score
described above and represents the risk accumulation of child
stunting. Questions regarding the fathers’ drinking and smoking
habits (no, or yes) were also asked.

Statistical Analysis
The data were entered into Microsoft Excel 2007, and the
statistical analyses were performed using SPSS 25.0. The discrete
variables are reported as frequencies and percentages, and
a chi-square test was used to compare the difference in
the factors between the case group and the control group.
The reliability of our questionnaire was estimated with the
Cronbach’s α coefficient, and a CFA was performed to assess
the construct validity of the questionnaire using Amos 25.0.
A multivariable conditional logistic regression analysis with a
stepwise method was conducted to identify the independent
factors responsible for stunting among 21 variables. Univariate
and multivariate conditional logistic regression analyses were
performed to explore the association between stunting and the
risk accumulation of genetic factors, family socioeconomic status,
maternal conditions, perinatal conditions, and feeding practices.

All participants were divided into three groups according to
the tri-sectional quantiles of the total score. The reference group
scored 0–3 points, the middle group scored 4–6 points, and the
highest group scored more than 7 points. A conditional logistic
regression analysis was used to compare the risk of stunting
between the higher score groups and the reference group. Model
1 was adjusted for fathers’ smoking habits, and Model 2 was
adjusted for fathers’ smoking and drinking habits.

Subsequently, the decision-tree model in R 4.0.3 was used to
explore the important variables and predict the probability of

stunting based on the cumulative risk scores for genetic factors,
family socioeconomic status, maternal conditions, perinatal
conditions, and feeding practices. In this study, the dataset was
randomly divided into the following two subsets: a training
dataset containing approximately 70% of the children (279 cases)
and a testing dataset containing 30% of the children (67 cases).
The model was first constructed based on the training dataset to
build the decision tree. In the tree, the first variable (the root of
the tree) was the most important aspect, and the variables split
from the root in an orderly manner were the next important
aspects in classifying the data. All variables in one path were
considered predictors (if part), and the class label of the leaf node
was an expected outcome (then part).

In the decision tree, a “stunted child” was defined as a positive
event S, and a “non-stunted child” was defined as a negative
event N. Then, the model was tested using the testing subset.
Using the rules from the decision tree to assess the testing dataset,
a confusion matrix showing true positives, true negatives, false
positives, and false negatives of the testing dataset was obtained.
We calculated the accuracy, sensitivity, and specificity to measure
the performance of the model.

RESULTS

Comparison of the General Characteristics
of Stunted and Non-Stunted Children
The basic characteristics of the case group and the control
group are displayed in Table 1. Almost all factors significantly
differed between these two groups, except for the maternal
childbearing age, paternal education, maternal education, and
fathers’ drinking and smoking habits. The stunted children were
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more likely to have a short mother, a short father, an older father
at birth, a lower birth weight, a lower birth length, intrauterine
growth retardation, worse appetite, and vulnerability to diarrhea.
The mothers of the stunted children were more likely to have
stained amniotic fluid, poor nutrition, nutritional disease, picky
eating habits, and lower weight gain during pregnancy. The
stunted children had a greater probability of living in families that
had worse housing conditions, and their parents were more likely
to chase the children to feed food and not to breastfeed.

The Effect of Risk Accumulation in
Different Aspects on Stunting
The independent factors for stunting identified by the
multivariable conditional logistic regression analysis are
shown in Supplementary Table 1. The paternal childbearing
age, maternal height, birth length, and children’s appetite were
independent factors for stunting. A paternal childbearing age
≥35 years, short mother, short birth length, and poor appetite
increased the probability of stunting.

The associations between stunting and genetic factors,
maternal conditions, family socioeconomic status, perinatal
conditions, and feeding practices are shown in Table 2. The risk
accumulation in each dimension was significant in the univariate
models. However, in the multivariate model, only the risk
accumulations in genetic factors, maternal conditions, perinatal
conditions, and feeding practices were significant. Perinatal
conditions showed the strongest association with stunting. The
risk of stunting would increase by 1.199 times if the cumulative
risk scores for perinatal conditions increased by one.

The risk of stunting among different total score groups is
presented in Table 3. In Models 1 and 2, the risk of stunting
increased by 3.242 and 3.236 times, respectively, in the group
with cumulative risk scores between 4 and 6 points, and the risk
of stunting increased by 13.885 and 13.844 times, respectively, in
the group with the highest scores compared with the reference
group (the lowest risk scores).

Rules for Predicting Stunting
The decision-tree model was evaluated using a confusion matrix
on the testing dataset, and the results are displayed in Table 4.
This model had an accuracy of 82.1%; 55 of 67 individuals were
classified correctly, whereas 17.9% (12 of 67 individuals) were
classified incorrectly. Of the 29 participants without stunting
in the testing dataset, 24 were classified correctly using the
decision tree with a specificity of 82.8%. Of the 38 individuals
with stunting in the testing dataset, the decision tree correctly
classified 31 individuals, with a sensitivity of 81.6%.

As shown in Figure 1, the decision tree was constructed
based on five input variables (cumulative risk scores for five
dimensions) of the participants, and four remained in the model.
The final decision tree contained six leaves and five layers.
The IF-THEN rules created by the model are fully described
in Table 5. The most important variable (root) in the tree was
perinatal conditions. The probability of stunting was 75.8% if
the cumulative risk score for perinatal conditions was ≥ 1.
The second most important variable was maternal conditions.
Children without a perinatal risk but with a cumulative risk

TABLE 4 | Confusion matrix of the test dataset.

Actual outcome Predicted outcome

Children without stunting Children with stunting

Children without stunting 24 5

Children with stunting 7 31

Accuracy 82.1%

Sensitivity 81.6%

Specificity 82.8%

score for maternal conditions ≥ 3 were identified as stunted.
The third and fourth most important variables were feeding
practices and genetic factors, respectively. Children who did
not have perinatal risk and had a cumulative risk score
for maternal conditions < 3 and a cumulative risk score
for feeding practices <1 had an 84.9% probability of not
being stunted.

DISCUSSION

In our study, an old father, a short mother, a short birth length,
and a poor appetite were identified as independent factors
for stunting using conventional analytical methods; however,
half of these factors were genetic factors, which are relatively
difficult to change. In addition, family socioeconomic status
was not a critical aspect influencing stunting in developed
cities. Moreover, our findings showed that risk accumulation in
perinatal conditions, maternal conditions, and feeding practices
played more important roles in stunting than genetic factors
and family socioeconomic status, which could benefit the
development of prevention and intervention strategies.

In this study, perinatal conditions played the most important
role in childhood stunting. Evidence suggests that intrauterine
growth retardation, low birth weight, low birth length, and
preterm birth are strongly associated with stunting. A study
conducted in Indonesia using national data showed that low
birth weight was the major determinant of stunting (23). A
similar result was observed in a survey in Ethiopia (11). A
meta-analysis of 19 studies showed that children aged under
5 years with a low birth weight had a threefold higher
risk of stunting (17). Intrauterine growth retardation has
also been identified as a risk factor for stunting, wasting,
and micronutrient deficiencies in children (24, 25). It is
estimated that approximately one-fifth of stunted children
have linkages to the fetal period as being born small for
gestational age (SGA) (25). No effective therapies are available
to reverse intrauterine growth restriction; hence, the focus
should be on preventive strategies (26). In mothers with
eating disorders and unusual or fad diets, it has been
suggested that they have a higher probability of having babies
with intrauterine growth restriction and low birth weight in
developed countries, while in developing countries, caloric
supplementation during pregnancy exerts the largest short-term
effect on intrauterine growth (27). In addition, micronutrient
supplementation, including iron, vitamin A, calcium, and
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FIGURE 1 | Graphical representation of the decision-tree model of the dataset. Sample sizes are shown in the brackets of each node. S, stunted child; N,

non-stunted child.

TABLE 5 | Rules extracted through the decision-tree model.

Rule 1. If the cumulative risk scores for perinatal conditions ≥ 1, then children with stunting (72/95, 75.8%).

Rule 2. If the cumulative risk scores for perinatal conditions < 1 and cumulative risk score for maternal conditions≥ 3, then

children with stunting (10/10, 100%).

Rule 3. If the cumulative risk score for perinatal conditions < 1, the score for maternal conditions < 3, and the score for feeding

practices < 1, then children without stunting (62/73, 84.9%).

Rule 4. If the cumulative risk score for perinatal conditions < 1, the score for maternal conditions < 3, the scores for feeding

practices ≥ 1 and the scores for genetic factors ≥ 1, then children with stunting (24/42, 57.1%).

Rule 5. If the cumulative risk scores for perinatal conditions < 1, the score for maternal conditions < 3, the score for feeding

practices ≥ 1 and the score for genetic factors < 1, then children without stunting (41/59, 69.5%).

multiple micronutrients, has shown a consistent association with
a decrease in intrauterine growth restriction and increased birth
weight (28–30).

In the current study, maternal conditions, including maternal
weight gain, nutritional status, diet habits, and amniotic fluid
contamination during pregnancy, were associated with stunting.
In the decision-tree model, even if no perinatal risk factors were
present, the probability of stunting was still high when more than
three risk factors for maternal conditions were present. Maternal
undernutrition during pregnancy is the traditional determinant
of stunting (11, 31). However, in developed regions, maternal
undernutrition might be due to a lack of pregnancy knowledge,
morning sickness, and an unbalanced diet (28, 31, 32). In

addition, stunted children have a higher proportion of exposure
to amniotic fluid contamination than healthy children. Amniotic
fluid contamination may lead to adverse health consequences in
newborns, such as neonatal pneumonia and hypoxic-ischaemic
encephalopathy, which might also affect their growth and
development (33, 34).

Many previous studies have found that stunting is closely
related to feeding practices, such as breastfeeding and
complementary feeding, which is partially consistent with
our results (35–39). A survey in 12 central and western provinces
of China found that children who were primarily cared for by
fathers received more inappropriate breastfeeding and had a
higher risk of stunting than those cared for by mothers (35). A
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cross-sectional study based on 42 rural counties in seven western
provinces of China showed that 44.5% of children aged 6–23
months failed to reach the minimum dietary diversity criteria
defined by the WHO (36). Many studies have shown that the
early initiation of breastfeeding and exclusive breastfeeding are
protective factors against stunting, which was also supported in
this study (37–39). In addition, we focused on the effect of eating
behaviors and children’s appetites on stunting. In this study,
a poor appetite, not swallowing food, and chasing children to
feed were risk factors for stunting. Children with poor appetite
and unhealthy dietary habits might not consume balanced and
diverse foods, resulting in malnutrition and stunting. Feeding
knowledge should be promoted and provided (36–40). A cluster-
randomized controlled trial in Laishui, China, showed that an
educational intervention targeting caregivers’ feeding practices
might improve caregivers’ knowledge and practices related to
complementary feeding, thereby decreasing the probability of
stunting in children aged under 3 years (40).

Our analysis revealed that parental height and childbearing
age were associated with offspring stunting. A child born to
a shorter mother or a shorter father has a greater probability
of being stunted. Comparable findings were reported in other
previous studies. Some studies have shown that the maternal
height or body mass index (BMI) is inversely correlated with
children’s stunting (6, 11), which might be explained by the
biological plausibility that shorter mothers may have a worse
nutritional status and poorer health situation and fail to deliver
adequate nutrition to the fetus during pregnancy (41). Others
claimed that the stature of children is influenced by both
maternal and paternal heights (42), which is consistent with
our results. These findings signify the intergenerational effect
of malnutrition. In this study, children of older mothers (aged
more than 35 years) were more likely to be stunted than those of
younger mothers (aged <35 years). This result is similar to the
findings in Ghana, where stunting was associated with advanced
maternal age (30–44 years) (43). However, this finding contrasts
with the result in Tanzania, where younger mothers (aged <25
years) were more likely to have stunted children than older
mothers (aged >25 years) (7). The reason for the discrepancy
may lie in the fact that young mothers might have limited access
to socioeconomic resources to meet the nutritional needs of their
children in underdeveloped areas.

Our findings suggest that the effect of risk accumulation
in different dimensions should not be ignored. Monitoring
nutrition during pregnancy plays an important role in preventing
intrauterine growth retardation, premature birth, low birth
weight, and low birth height, which significantly influence
children’s height development. Education concerning feeding
practices should still be advocated to decrease the probability of
stunting, even if accumulated risks in maternal conditions and
perinatal conditions are low.

This study has some limitations. First, due to the cross-
sectional design, this study is limited in establishing a causal
relationship between the observed risk factors and stunting.
Future research should aim to investigate this possibility in a
prospective study. Second, each item was assigned the same
weight to calculate the scores for the different dimensions,

which might not be true in practice. Third, the questionnaire
used in this study was designed for subjects in developed
areas; thus, the dimensions of the risk factors may be
limited and not generalizable to other populations. Moreover,
some non-traditional aspects, such as maternal psychosocial
factors, were not included in the questionnaire, which needs
further exploration. Some information concerning perinatal and
maternal conditions, such as admission to the NICU, birth
asphyxia, and maternal complications, may affect stunting, but
we were unable to include these variables in our analysis due to
their rare occurrence. Complementary feed is also a factor related
to stunting, but our study lacked detailed information concerning
complementary feeds, including quantity and type. Further
investigations based on a large sample are needed to explore the
relationship between these factors and stunting. Fourth, recall
bias is a common disadvantage in case-control studies. In our
study, some information was obtained frommedical records, and
some items were defined clearly and quantitatively. The medical
staff, who had undergone unified training, asked the parents the
questions, explained the items, and completed the questionnaire.
All these measures helped control recall bias. Fifth, the factors
within the same dimension were not completely independent,
which may have biased the risk accumulation. Our study is
the first to explore the association between risk accumulation
and stunting, based on which better questionnaires should be
constructed in future studies.

CONCLUSION

Risk accumulation in perinatal conditions, genetic factors,
maternal conditions, and feeding practices increased the
probability of stunting in childhood. Perinatal conditions
were the main factor associated with stunting. Prevention
and intervention measures should be adopted to avoid risk
accumulation in stunting.
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