vaie . e o s

Nutritional

A bnsarnational bewensl o
Mutrition, Diet ond Mervon Sytem

Bt et
O Praet, 8

Nutritional Neuroscience
An International Journal on Nutrition, Diet and Nervous System

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ynns20

Taylor & Francis

Taylor & Francis Group

Relationship between moderate to late preterm,
diet types and developmental delay in less-
developed rural China

Hong Zhou, Xueqi Qu, Yuning Yang, Ashish KC, Xiaoli Liu, Chenlu Yang, Anqi
Wang, Yue Huang, Jing Sun, Xiaona Huang & Yan Wang

To cite this article: Hong Zhou, Xueqi Qu, Yuning Yang, Ashish KC, Xiaoli Liu, Chenlu Yang, Anqi
Wang, Yue Huang, Jing Sun, Xiaona Huang & Yan Wang (2022) Relationship between moderate
to late preterm, diet types and developmental delay in less-developed rural China, Nutritional
Neuroscience, 25:1, 70-79, DOI: 10.1080/1028415X.2020.1712534

To link to this article: https://doi.org/10.1080/1028415X.2020.1712534

@ Published online: 23 Jan 2020.

\]
CA/ Submit your article to this journal

||I| Article views: 259

A
& View related articles &'

PN

@ View Crossmark data (&

CrossMark

@ Citing articles: 2 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ynns20


https://www.tandfonline.com/action/journalInformation?journalCode=ynns20
https://www.tandfonline.com/loi/ynns20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1028415X.2020.1712534
https://doi.org/10.1080/1028415X.2020.1712534
https://www.tandfonline.com/action/authorSubmission?journalCode=ynns20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ynns20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/1028415X.2020.1712534
https://www.tandfonline.com/doi/mlt/10.1080/1028415X.2020.1712534
http://crossmark.crossref.org/dialog/?doi=10.1080/1028415X.2020.1712534&domain=pdf&date_stamp=2020-01-23
http://crossmark.crossref.org/dialog/?doi=10.1080/1028415X.2020.1712534&domain=pdf&date_stamp=2020-01-23
https://www.tandfonline.com/doi/citedby/10.1080/1028415X.2020.1712534#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/1028415X.2020.1712534#tabModule

NUTRITIONAL NEUROSCIENCE
2022, VOL. 25, NO. 1, 70-79
https://doi.org/10.1080/1028415X.2020.1712534

Taylor & Francis
Taylor &Francis Group
W) Check for updates

Relationship between moderate to late preterm, diet types and developmental
delay in less-developed rural China

Hong Zhou®®, Xueqi Qu®<, Yuning Yang®, Ashish KC ©¢, Xiaoli Liu
Yue Huang?, Jing Sun ©®9", Xiaona Huang® and Yan Wang®®

2 Chenlu Yang?, Angi Wang ©3,

3Department of Maternal and Child Health, School of Public Health, Peking University, Beijing, People’s Republic of China; "Environmental and
Spatial Epidemiology Research Center, National Human Genetic Resources Center, Beijing, People’s Republic of China; “Department of
Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA; 4UNICEF China, Beijing, People’s Republic of China;
“Department of Women'’s and Children’s Health, Uppsala University, Uppsala, Sweden; fDepartment of Preventive Medicine, Keck School of
Medicine, University of Southern California, Los Angeles, CA, USA; “Menzies Health Insitute Queensland, Griffith University, Gold Coast, Australia;
hSchool of Medicine, Griffith University, Gold Coast, Australia

ABSTRACT

Aim: To measure the development of moderate to late preterm children by Ages and Stages
Questionnaires (ASQ) and explore the relationship between moderate to late preterm, diet types
and development delay in less-developed rural China.

Methods: Data were collected from a cross-sectional community-based survey, which recruited 1748
children aged 1-59 months in eight counties of China. Caregivers of these children completed the
Chinese version of ASQ-3 (ASQ-C) while physical examination and questionnaires on socio-
demographic characteristics were conducted. Multivariate logistic regressions were used to analyze
the association between moderate to late preterm and suspected developmental delay, as well as
the association between diet types and suspected developmental delay. Consumption of certain
food types was compared between moderate to late preterm and full-term children.

Results: The prevalence of suspected overall developmental delay was 31.3% in the moderate to the
late preterm group, compared with 21.6% in the full-term group. Moderate to late preterm birth was
not associated with total suspected developmental delay and developmental delay in all the domains
of ASQ, except for fine motor (OR = 2.43 95% C.l.: 1.04-5.56). The intake of vegetables and fruits had a
protective influence on developmental delay in fine motor function, and moderate to late preterm
children had lower relative consumption of fruits and vegetables than full-term children.
Conclusion: Moderate to late preterm children in rural China showed an increased likelihood of
developmental delay in fine motor function. Future interventions to improve the intake of
vegetables and fruits in moderate to late preterm children are recommended.

KEYWORDS
Moderate to late preterm;
Diet types; Developmental
delay; China

Introduction .
Whether moderate to late preterm children can catch

Preterm birth is defined as giving birth before 37 weeks
of gestation [1]. According to gestational age, preterm
birth is categorized as three groups: extremely preterm
(<28 weeks), very preterm (28~32 weeks) and moderate
to late preterm (32~37 weeks). The previous studies
mainly focus on infants with extremely preterm and
very preterm for their high risk of mortality and morbid-
ity. Moderate to late preterm accounts for 84.3% preterm
birth globally, making this population an important pub-
lic health concern [2]. The evidences have shown that
compared with full-term children, moderate to late pre-
term infants are at higher risk of death and morbidity in
infancy and childhood, such as from respiratory diseases
and infections [3,4].

up with neurological, psychological and behavioral mile-
stone in comparison with full-term children have been a
global health discussion.. Several studies in Western
countries indicated that compared with full-term chil-
dren, moderate to late preterm children were at
increased risk for development delay in domains of cog-
nitive, motor, language and social-emotional compe-
tence, and were more likely to have impaired attention
skills, learning problem and behavioral abnormalities
[5-8]. Nevertheless, there are relatively few studies
exploring early child development of preterm children
in China. Most of these studies in Chinese populations
used Bayley scales of infant development and the Gesell
Developmental Scale to evaluate developmental
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outcomes of preterm infants [9,10]. Given that these
measurement tools require professional medical staff to
apply, previous studies in China have mainly been con-
ducted in hospital-based samples in urban areas with
relatively small sample sizes [11,12]. Moreover, to our
knowledge, developmental outcomes of moderate to
late preterm infants have not been studied in China.

Diet plays an essential role in neurodevelopmental
outcomes for children. Many studies focused on the
influence of dietary nutrients on child neurodevelop-
ment. Leventakou et al. found that food content high
in fat, salt and sugar at preschool age were associated
with poor verbal and cognitive ability [13]. Makrides
et al. conducted a randomized controlled trial and indi-
cated that docosahexaenoic acid improved neurodeve-
lopmental outcomes among 18-month girls with
preterm [14]. Steinmacher et al. also suggested that
iron supplement could improve some neurodevelop-
mental outcomes for preterm infants [15]. It is difficult
to implement interventions with dietary nutrients,
especially among low-income and middle-income popu-
lations on a large-scale. Dietary diversity defined as the
sum of food groups received in last 24 h has been applied
as an effective indicator to assess nutrition intake among
children and assess large-scale population-based inter-
vention [16]. According to the definition of the Multiple
Indicator Cluster Survey (MICS), dietary diversity
includes seven food groups: (1) grains, root and tubers,
(2) legumes and nuts, (3) dairy products (including
milk, yogurt, and cheese), (4) flesh foods (meat, fish,
poultry and liver/organ products), (5) eggs, (6) vitamin
A-rich fruits and vegetables and (7) other kind fruits
and vegetables. The majority of studies exploring health
outcomes of food groups have focused on physical
growth [17,18]. A study in rural Bangladesh reported
that low dietary diversity was associated with an
increased risk of stunting among 6-59 months old
children [19]. However, there is little evidence on the
relationship between dietary diversity and neurodevelop-
ment amongst children in general and even less in
preterm children. Therefore, understanding the relation-
ship between preterm birth, dietary diversity and neuro-
development is essential for further design and
implementation of diet-related interventions.

The Ages and Stages Questionnaire is recommended
as a developmental screening tool by the American
Academy of Pediatrics [20], which has been widely
applied and adapted across many different settings
[21,22]. In 2010, in China, it was translated and adapted
into Ages and Stages Questionnaires-Chinese (ASQ-C)
with consideration of culture difference, and cutoft
scores of ASQ-C were established [23,24]. ASQ-C has
excellent psychometric properties, test-retest reliability
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of 80%, and sensitivity of 87.5% and specificity of
84.4%, providing the opportunity to conduct large-
scale studies related to child neurodevelopment in
China [25]. Although there were several studies using
ASQ-C to screen for neurodevelopmental delay in the
general Chinese children population [23,26], no previous
study has applied it to describe neurodevelopmental out-
comes among children with preterm birth in China.

The present study aimed to (1) evaluate the devel-
opment of moderate to late preterm children in central
and western China using the ASQ-C, and (2) analyze
the relationship between moderate to late preterm
birth, dietary intake and suspected developmental
delay.

Methods
Participants

This study was a cross-sectional survey on early child-
hood development in 2016, covering 8 rural counties
in four provinces of China (Xinjiang, Qinghai, Jiangxi
and Ningxia), as part of the maternal and child health
program funded by UNICEF. The total population in
the project counties was 3,639,000 in 2016. The annual
income per capita of rural population was1263 US dol-
lars, below the national average 1736 dollars in rural
areas in 2016.

A multistage sampling method was employed to select
townships and villages in each county. First, 15 adminis-
trative villages per county and two nature villages per
administrative village were selected at random with
population proportional to size (PPS). In China, each
administrative village has many naturally formed group
(nature villages) with geographic boundaries. Some
natural villages are far away from each other, especially
in the western rural area of China. Thus, we randomly
selected households within each nature village instead
of an administrative village given the feasibility and
representativeness of the survey. Within each selected
nature village, 10 households with children under three
years of age were selected according to a full registration
list for each village by simple random sampling; the list
of children was provided by local village doctors. Ran-
dom numbers for selection criteria were generated by a
random number table, and staff members of this pro-
gram completed all the sampling processes. The young-
est children and one of their primary caregivers (the
person who knows the child best in the family) in each
selected household were interviewed face-to-face. The
study procedures were explained to each caregivers and
informed verbal consent was obtained for all of the care-
givers involved in the study. The Peking University
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Health Science Center Institutional Review Board
approved this study.

Because this study was designed to collect relevant
baseline data for an intervention project, we expected
to see a decreased prevalence of suspected development
delay in the final evaluation. The following formula
was used to calculate the sample size:

n = 2pq(Za + Zp)*/ (1 — po)*,
q=1-p
We used 0.05 as the statistical significance («) and set the
power of the test (1-p) as 0.8. We assumed the baseline
prevalence of suspected development delay (p,) would be
40% and expected a relative 20% decrement of preva-
lence (p; — po)/po. Finally, considering an 80% response

rate, the required total sample size of children would be
1410 (705:705).

P = (p1 +po)/2,

Data collection

Generally, we extracted the gestation age from birth cer-
tificates. For primary caregivers who did not have birth
certificates during the interview, the recall of the primary
caregivers about gestation age and whether their child
was preterm birth or not. We defined the moderate to
late preterm (32-37 weeks) and full term (37-42
weeks) based on gestational age, and the children with
post-term birth (>42 weeks) were excluded. Since our
interested population was moderate to late preterm
and the prevalence of extremely and very preterm birth
was relatively low in our study (4 cases), we also exclude
these cases from the analysis.

The child neurodevelopment was assessed using the
Chinese version of the Ages & Stages Questionnaires,
Third Edition (ASQ-C) in our study. The ASQ-C is a
series of 21 parent/caregiver-completed questionnaires
designed to screen the developmental performance
among children aged 1-66 months. There are different
questionnaires for children of different ages. Corrected
calendar age was only used for age calculations among
preterm children younger than 24 months, and uncor-
rected calendar age was used for age calculations
among the rest of the children, following the ASQ-C
manual. The ASQ-C comprised five major developmen-
tal domains: communication, gross motor, fine motor,
problem solving and personal-social domains. In each
domain, there were six items on developmental mile-
stones. The caregivers were asked to answer questions
about some things their child could and could not do,
such as ‘Does your baby pick up a crumb or Cheerio
or the fruit of Chinese wolfberry or other pea-sized
items with the tips of his thumb and a finger’. The

caregivers would answer yes, sometimes or not yet to
each question. This process took about 10-15 min.

A self-designed structured questionnaire for care-
givers was used in our survey. Items in the questionnaire
were selected from ‘Multiple indicator cluster survey
(MICS) manual’ published by UNICEF. The question-
naire was adjusted based on a pilot survey conducted
in the Yulong County in Yunnan Province, and the
workflow and guideline of the field survey were prepared.
Before doing the formal fieldwork, all interviewers were
trained according to the investigation guideline, includ-
ing using of digital survey equipment, how to administer,
the way to question the questionnaire, and the standards
and requirements of measurements. All data collection
was accomplished through tablet computers installed
with the Goodata entry system. Information on age of
the child, gender of children, number of older siblings
(0, 1, 2 or more), birthweight (low birthweight
(<2500 kg) or not), gestational age at birth, delivery
method of the children (cesarean section or vaginal
delivery), education of the caregivers (illiterate, primary
school, secondary school, college and above), household
income level (poorest, poor, middle, richer, and richest)
and breastfeeding during the past 24 h (yes or no) were
collected. Moreover, the questionnaire asked caregivers
whether or not a child had consumed the following 7
types of food during the past 24 h: (1) grains, root and
tubers, (2) legumes and nuts, (3) dairy products (includ-
ing milk, yogurt, and cheese), (4) flesh foods (meat, fish,
poultry and liver/organ products), (5) eggs, (6) vitamin
A-rich fruits and vegetables and (7) other kind fruits
and vegetables. The proportion of food intake for each
type of food among the whole study population was cal-
culated. Since exclusive breastfeeding from birth until 6
months is recommended by WHO, we only analyze diet-
ary status among 6-59-month-old children. According
to the WHO guideline, the minimum dietary diversity
was defined as receiving food from 4 and above groups
24 h before the survey was given.

Statistical analysis

In this study, each item on ASQ-C was scored as 10
(yes), 5 (sometimes) or 0 (not yet) according to
whether the child has achieved a milestone. The item
scores on each domain were summed to obtain a
domain score. The ASQ-C domain scores of less
than two standard deviations from the mean of the
Chinese rural reference group in a certain domain
was considered as suspected developmental delay in
that domain. A suspected developmental delay in any
of the above five domains was defined as the suspected
total development delay.
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prevalence of suspected development delay were calcu-
lated and compared between moderate to late preterm
and full-term children using chi-square tests or ¢ tests.
Multivariate logistic regression analyses were used to
examine the relationships between moderate to late pre-
term and the suspected developmental delay, and
between dietary types and the suspected developmental
delay, leading to crude, adjusted prevalence odd ratios
(ORs) and 95% confidence interval for the suspected
developmental delay. Age of child, gender of child, num-
ber of older siblings, caregiver’s education, household
income level, method of delivery breastfeeding in the
past 24 h and low birthweight were adjusted in the multi-
variate model exploring the influence of moderate to late
preterm birth on the suspected developmental delay.
Preterm birth was added to adjustment in the model
exploring effects of diet types on the suspected develop-
mental delay. Additionally, the proportion of different
types of food intake and prevalence of minimum dietary
diversity were also calculated and compared between 6
and 59 months children with moderate to late preterm
birth and with full-term birth. All analyses were con-
ducted using STATA version 15.0, with a statistical sig-
nificance level set at p < 0.05.

Results

As shown in Table 1, a total of 1748 children aged 1-59
months were included in the present study (Table 1).
Among them, 83 children reported moderate to late pre-
term birth. Full-term groups and moderate to late pre-
term groups did not show disparity based on age,
gender, number of older siblings, caregivers’ education,
breastfeeding during the past 24 h and household
income level. However, the moderate to the late preterm
group had more cesarean section as compared with the
full-term group (moderate to late preterm: 37.5%, full-
term: 22.5%, p <0.001). The proportion of low birth
weight (<2500 kg) in the moderate to the late preterm
group was much higher than that in the full-term
group (moderate to late preterm: 41.0%, full-term:
5.7%, p < 0.001).

As shown in Figure 1, the prevalence of suspected
developmental delay in moderate to late preterm and
full-term groups was compared (Figure 1). The preva-
lence of suspected overall developmental delay was
31.3% in the moderate to the late preterm group, com-
pared with 21.6% in the full-term group. There was a sig-
nificant difference between two groups (p<0.05).
Further analysis showed that the moderate to the late
preterm group had a higher prevalence of suspected
developmental delay in the fine motor domains than
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Table 1. Characteristics of children aged 1-59 months with full-
term and moderate to late preterm birth.

Moderate to

N (%) Total Full-term late preterm P
Gestational age 1748(100.0) 1665(95.25) 83(4.75)
weeks, mean 39*3(32%5- 39%437*- 35%3(32%C-
(range) 41%9) 4176 36*9) <0.001
Age of child, 0.79
months, n(%)
1-1 353(20.2) 334(20.1) 19(22.9)
12-23 455(26.0) 433(26.0) 22(26.5)
24-59 940(53.8) 898(53.9) 42(50.6)
Gender of child, n 0.72
(%)
Boys 939(53.7) 896(53.8) 43(51.8)
Girls 809(46.3) 769(46.2) 40(48.2)
Number of older 0.99
siblings, n(%)
0 691(39.5) 658(39.5) 33(39.8)
1 752(43.0) 716(43.0) 36(43.4)
>=2 305(17.5) 291(17.5) 14(16.9)
Caregiver’s 0.916
education, n(%)
llliteracy 226(12.9) 217(13.0) 9(10.8)
Primary 391(22.4) 373(22.4) 18(21.7)
Secondary 995(56.9) 945(56.8) 50(60.2)
College and 136(7.8) 130(7.8) 6(7.2)
above
Method of delivery, <0.001
n(%)
Cesarean section 402(23.2) 372(22.5) 30(37.5)
Vaginal delivery 1332(76.8) 1282(77.5) 50(62.5)
Breastfeeding in last 328(20.3) 309(20.0) 19(27.9) 0.111
24 h, n(%)
Low Birth weight, n 123(7.3) 91(5.7) 32(41.0) <0.001
(%)
Income, n(%) 0.494
Poorest 378(22.4) 358(22.2) 20(24.7)
Poor 294(17.4) 285(17.7) 9(11.1)
Middle 362(21.4) 341(21.2) 21(25.9)
Richer 218(12.9) 206(12.8) 12(14.8)
Richest 439(26.0) 420(26.1) 19(23.5)

the full-term group with significant statistical differences
(p <0.05). Although the differences between two groups
were not statistically significant, the proportions of sus-
pected developmental delay in the gross motor, problem
solving and personal-social domains in moderate to the
late preterm group were higher than that in the full-
term group.

The association between moderate to late preterm
birth and suspected developmental delay is shown in
Table 2. In the crude model, moderate to late preterm
children had higher odds of total suspected developmen-
tal delay (OR=1.65 95% C.I.: 1.02-2.67) and develop-
ment delay in fine motor (OR=2.04 95% C.I.: 1.02-
4.06) compared to full-term children. But after taking
other confounders into the regression model, there was
no statistically significant association between moderate
to late preterm and total suspected developmental
delay. The odds ratio of suspected developmental delay
in the fine motor domain comparing moderate to late
preterm children with full-term children is 2.43 (95%
C.I: 1.04-5.56). No significant association was found
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Figure 1. Comparison of prevalence of suspected developmental delay in moderate to late preterm and full-term groups.

Table 2. Association between abnormal ASQ scores and moderate to late preterm birth.

Crude model

Adjusted model

Moderate-to-late preterm

Moderate-to-late preterm

Developmental outcomes Full term OR for developmental outcomes 95% C.I. Full term OR for developmental outcomes 95% C.I.

Total problems Reference 1.65 (1.02-2.67) Reference 1.70 (0.84-2.89)
Communication Reference 1.67 (0.84-3.32) Reference 2.27 (0.95-5.35)
Fine motor Reference 2.04 (1.02-4.06) Reference 243 (1.04-5.56)
Gross motor Reference 1.62 (0.79-3.33) Reference 1.61 (0.69-3.76)
Problem solving Reference 1.81 (0.91-3.60) Reference 1.49 (0.63-3.56)
Personal social Reference 1.27 (0.60-2.69) Reference 1.02 (0.35-2.95)

Crude Model: unadjusted; Adjusted Model: adjusted for age of child, gender of child, number of older siblings, caregiver's education, income, method of delivery,

breastfeeding in the last 24 h and low birth weight.

between preterm birth and developmental delay in gross
motor, communication, problem solving and personal
social in neither the crude model nor the adjusted model.

Table 3 indicates the relationship between dietary
intake and suspected developmental delay among 6-59
months children (Table 3). Although the minimum diet-
ary diversity is not associated with total suspected devel-
opmental delay nor suspected developmental delay in
fine motor, the intake of some specific kinds of food
affects the prevalence of suspected developmental
delay. Children being fed with grains, roots and tubers
(OR=047 95% C.I.: 0.28-0.80), legumes and nuts
(OR=0.56 95% C.I.: 0.41-0.76), and other fruits and
vegetables (OR=0.55 95% C.I.: 0.42-0.72) were less
likely to be suspected of total developmental delay.
Intake of fruits and vegetables significantly decreased
the prevalence odd ratio of suspected developmental
delay in fine motor function (vitamin A-rich fruits and
vegetables: OR=0.60 95% C.I.: 0.38-0.96; other fruits
and vegetables: OR =0.54 95% C.I.: 0.35-0.83).

Table 4 compares the proportion of different diet
types between 6 and 59 months children with moderate
to late preterm birth and full-term birth (Table 4). The
proportion of intake of all the above types of food was

similar between moderate to late preterm and full-term
children except for fruits and vegetables. The proportion
of vitamin A-rich fruits and vegetables consumed in the
past 24 h was 9.2% higher among full-term 242 children
compared to moderate to late preterm children (83.9%

Table 3. Relationship between food types and suspected
developmental delay among 6-59 month children.

Suspected
Total suspected  developmental
developmental delay in fine
delay motor

OR 95%(Cl OR 95%(Cl
Grains, roots and tubers* 047 028-080 0.51 0.26-1.00
Legumes and nuts* 056 0.41-0.76 0.67 0.40-1.11
Dairy products* 1.07 079-144 1.64 0.96-2.81
Flesh foods* 093 0.67-1.29 1.16 0.69-1.96
Eggs* 1.02 078-133 1.19 0.78-1.82
Vitamin A-rich fruits and vegetables* 0.98 0.70-1.37 0.60 0.38-0.96
Other Fruits and vegetables* 0.55 042-0.72 0.54 0.35-0.83
Minimum dietary diversity* 0.74 0.53-1.03 1.05 0.61-1.80

Note: adjusted for age of child, gender of child, number of older siblings, care-
giver's education, income, method of delivery, breastfeeding in the last
24 h, low birth weight, moderate to late preterm birth.

*Measured by whether or not a child consumed the certain type of food in last
24 h. ORs the odds for developmental delay comparing children who con-
sumed certain type of food versus children who did not consume as refer-
ence group.



Table 4. Comparison of food types among 6-59 month children
with full-term and moderate to late preterm birth, n(%).
Moderate to Late

Full-term Preterm P
Grains, roots and tubers* 1476(94.7) 73(92.4) 0.370
Legumes and nuts* 484(31.1) 23(29.1) 0.714
Dairy products* 1127(72.3) 59(74 7) 0.649
Flesh foods* 1215(78.0) 64(81.0) 0.525
Eggs* 682(43.8) 32(40.5) 0.568
Vitamin A-rich fruits and 1307(83.9) 59(74.7) 0.032
vegetables*
Other Fruits and vegetables* 1069(68.6) 41(51.9) 0.002
Minimum dietary diversity* 1264(81.1) 60(76.0) 0.253

*Measured by whether or not a child consumed the certain type of food in last
24 h.

versus 74.7%, p=0.032), and the difference for other
fruits and vegetables was 16.7% (68.6% versus 51.9%, p
=0.002). Moreover, the prevalence of minimum dietary
diversity did not differ significantly between the two
groups.

Discussion

In this study conducted in rural areas of China, the
prevalence of developmental delay among moderate to
late preterm children was 31.3% compared with 21.6%
in the full-term group. Those with moderate to late pre-
term birth were more likely to have developmental delay
in the fine motor domain. The intake of vegetables and
fruits during the past 24 h was shown to have a protec-
tive effect on developmental delay in fine motor function,
and we also found that moderate to late preterm birth
children had a lower reported intake of vegetables and
fruits than full-term birth children. This suggests the
relationship between moderate to late preterm birth
and suspected developmental delay might be partly
explained by the intake of vegetables and fruits.

Neurodevelopment of moderate to late preterm chil-
dren in rural areas of China faces a serious challenge,
as in the present study nearly a third of children with
moderate to late preterm birth were showing signs of
neurodevelopmental delay. Our findings suggest that
developmental delay in moderate to late preterm chil-
dren is more severe in rural areas of China than studies
from developed countries. A study from the Netherland
indicates that among moderate to late preterm children,
the prevalence of overall developmental delay evaluated
by ASQ was 12.5%, 7.8% and 5.6% in low, intermediate
and high social economic status groups, respectively
[27]. Another study in Australia using Bayley scales
reported that 5.6%, 13.7% and 6.7% of moderate and
late preterm children had cognitive, language and
motor delay (less than —2SD) [6].

In China, with the constraint of limited measurement
tools, the number of studies which focuses on early child
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development is limited. A study with 100 preterm infants
estimated that the rate of development delay in mental
and psychomotor domains was 31% and 29% using Bay-
ley Scales [9]. Another hospital-based study with Gesell
Scales reported that more than 40% of preterm infants
have abnormal developmental quotient (DQ) scores
[10]. Although there are variations in measurement
tools, thresholds, gestational age of participants, time
of screening and whether the study was conducted in
high-risk population, the present literature indicates
that the neurodevelopmental problem of preterm chil-
dren and the role of dietary diversity still remain unre-
solved and require more attention. In the present
study, we employed the ASQ to measure child neurode-
velopment. Although it is a feasible screening tool, ASQ
cannot provide valid diagnostic results. Therefore, our
finding should be interpreted carefully.

In the present study, we found fine motor was more
consistently associated with moderate to late preterm
birth than other domains. This is in line with Kerstjens’s
study, which reported that children with moderately pre-
term birth had a great prevalence of problems with fine
motor rather than gross motor functions, compared
with full-term children [28]. In term of pathogenesis,
pre-oligodendrocytes are one of the major targets in cer-
ebral white matter injury which is the most common
brain injury among preterm infants, and its impairment
would lead to defects in motor function in preterm chil-
dren [29]. A study from Australia also reported that
compared with full-term controls, moderate to late pre-
term children had widespread white matter microstruc-
tural alteration at term-equivalent age, which resulted
in delayed white matter development [30]. As fine
motor requires a highly integrated and efficient brain
network, even less severe white matter injury could easily
influence fine motor skills. In conclusion, given that hav-
ing lower fine motor skills is unfavorable for child devel-
opment in reading and writing [31-33], more
intervention on fine motor skills should be implemented
among moderate to late preterm infants.

The findings from the present study also provide evi-
dence that diet types might mediate the association
between moderate to late preterm birth and develop-
mental delay, especially for the fine motor domain.
According to Baron and Kenny’s strategy, mediation is
demonstrated when: (1) the response variable (i.e. devel-
opmental delay in fine motor domain in our study) is sig-
nificantly associated with the independent variable
(moderate to late preterm birth); (2) the independent
variable is significantly associated with a protentional
mediator (whether or not certain types of food are con-
sumed) and (3) the response variable is significantly
associated with the potential mediator [34]. In
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conclusion, our findings provide statistical evidence for
the mediating effect of diet to some extent. Although
the evidence has shown that multi dietary diversity
during the prenatal period is beneficial for child neuro-
development [35-36], the role of diet during the post-
natal period on child neurodevelopment is limited, and
likely more significant in the neurodevelopment of pre-
term birth children. However, most studies have focused
on diet and cognitive development in adulthood. A
review concluded that higher intake of fruits, vegetables,
legumes and nuts might be associated with reduced risk
of cognitive deficits and Alzheimer’s disease in adults
[37]. Findings from the Helsinki Study of Very Low
Birth Weight Adults also indicated that higher energy
and human milk intake during the first nine weeks
were associated with better neurocognitive abilities in
adulthood among preterm birth and very low birth-
weight children [38]. Compared to the study, our study
has provided more evidence on daily diet and various
types of food intake during early childhood and exam-
ined the role of diet by comparing moderate to late pre-
term children and full-term children, which to some
extent confirmed the speculation proposed by that
study that postnatal nutrition should be a mediator
between neonatal conditions and neurodevelopment.
But it is also important to point out that the validity of
24-hour recall applied in the our study is not as strong
as other measurements, and we merely collected the
information on whether the child had been fed specific
types of food and not the amount of food in the previous
24 h. However, 24-hour recall is more feasible for a large
population-based study and has been applied in the
UNICEF Multiple indicator cluster survey (MICS)
which was conducted in many low-income and
middle-income countries.

We also noticed that the prevalence of moderate to
late preterm in our study was lower than the prevalence
of preterm birth in previous studies in China. Even if we
did not exclude the cases of extremely and very preterm
from the analysis, the total prevalence of preterm birth in
our study population was still relatively low. Firstly,
although the majority of interviewed families provided
birth certificates for us to abstract valid gestation age,
some primary caregivers did not provide birth certifi-
cates on the date of interview. So, for those families,
the information on gestation age was collected by asking
primary caregivers directly. Admittedly, there is poten-
tial recall bias for gestational age and classification of
preterm birth, so we might miss some cases of preterm
birth. Secondly, given the low level of health care in
poor and lagging area, the mortality for preterm new-
borns is relatively high. Our study only evaluated pre-
term birth among live children, so the children with

preterm birth who died early would not be included in
our study, which might decrease the prevalence of pre-
term birth in our study.

The first strength of the present study was the use of
data from a community-based sample in poor central
and western areas of China. To the best of our knowl-
edge, this is the first study to compare neurodevelop-
mental outcomes of preterm children and full-term
children in rural China by ASQ. Previous studies con-
ducted among children in rural western areas of China
mainly focus on indicators of physical growth, like height
or weight [39]. Thus, the number of studies focusing on
early child development is limited, and the present litera-
ture is based on hospital-based samples in urban areas,
which limits the generalizability and reliability of results
[9,40]. Secondly, although several studies in other
countries indicated preschool and school age children
born moderate to late preterm were at higher risk of
developmental delay, few studies took nutritional factors
into consideration when analyzing the relationship.
Therefore, our study provides important evidence to
understand the influence of diet types on early children
development in moderate to late preterm population.

In addition to the limitations outlined in the above dis-
cussion, the study suffered from unmeasured confounding
caused by maternal complications during pregnancy.
Considering the high proportion of cesarean section in
our study population, we could speculate that the majority
of preterm births were medically indicated; and evidence
has shown that maternal complications are associated
with the child’s developmental delay. Therefore, maternal
complications during pregnancy are likely to confound
our estimated association between preterm birth, dietary
diversity and child’s developmental outcomes.

Conclusion

Our study indicated that moderate to late preterm chil-
dren with 1-59 months had a higher burden of suspected
developmental delay compared with full-term peers,
especially developmental delay in the fine motor domain.
The intake of vegetables and fruits could partially explain
the above association. Public health professionals should
consider dietary interventions to improve the neurodeve-
lopmental outcome of preterm children. A future study
including detailed measurement of diet is necessary to
understand thoroughly the role of diet and nutrition on
neurodevelopment among preterm birth children.
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