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Abstract: The focus of this article is on sleep duration and sleep problems in infants and
their association with body weight. A retrospective birth cohort of 519 infants was enrolled in
a community-based study conducted in Changsha, China. Infant weight and other health-related
information were collected during regular standard checkups at the Community Health Service
Centers when infants were 1, 3, 6, 8, and 12 months old. The sleep duration and sleep problems
of infants were assessed by maternal self-reports. Panel data model was used to evaluate the
association of sleep duration and sleep problems with infant body weight. Significant relevance
between self-reported sleep duration and weight of infants has been reported in the literature tested
by the fixed effects model (p < 0.01). However, this study indicated that sleep problems of infants had
no effect on their weight (p = 0.151), after adjusting feeding patterns and socioeconomic factors of
their families. This paper argues that, as a potentially modifiable risk factor, infant sleep duration
deserves more attention from their parents and families in order to prevent and control overweight
or obesity in infants as well as reducing the incidence of obesity in adults.
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1. Introduction

Childhood obesity has been one of the most serious public health challenges over the past
decades [1]. This problem is affecting many low- and middle-income countries globally and
steadily [2], particularly in Asian countries [3]. The incidence of childhood obesity has increased
overwhelmingly. Over 42 million children under the age of five, are threatened by obesity or
overweight universally [4]. Worse, it is worthy of our attention that the occurrence of fast-growing
weight or even transiently rapid weight gain during infancy might contribute to overweight and
obesity in childhood and adulthood [5–10]. Moreover, once the obesity occurs, it is difficult to be
reversed through interventions [11]. Obesity or overweight, as well as their related risk factors, can be
easily controlled and prevented. Therefore, prevention of infant obesity needs high priority.

Sleep deprivation as a possible contributor to obesity or overweight has received much attention
in scientific literature in recent years [12]. A considerable amount of literature has indicated that
short sleep duration may result in excess weight gain and obesity by causing hormonal and metabolic
changes [13]. Furthermore, shorter sleep duration having an influence on weight from the genomic
levels by increasing the expression of genetic risks for excess body weight has been proven by previous
studies [14]. In addition, recent studies claim that frequent night waking or settling problems are related
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to a variety of health problems including obesity, metabolic syndromes, and growth retardation [15,16].
Based on this evidence, prevention and early control of short sleep duration and sleep problems
might help in reducing the incidence of obesity and providing the intervention strategies to reduce the
regional burden of disease.

Although most of research has proven a consistent association between sleep and body weight
among adults [17–19], there are limited studies on the question of these relationships among
infants [9,20]. A few studies showed that infants who sleep less than 12 h/d and who have frequent
night waking were associated with higher body mass index and increased risks of being overweight at
three years old [21,22], while another study showed no significant association between these factors [15].
Changes and risk factors of infant weight differ greatly from that of an adult’s. Compared with adults,
weight changes more rapidly in infants and is influenced by growth hormones, feeding patterns,
genetic factors, and many other factors [23]. Furthermore, the growing attention on the links between
sleep and infant weight were affected by various limitations: (1) most existing studies were cross
sectional studies which provide weak evidence to demonstrate causality; (2) The sample size of
the study conducted by Tikotzky et al. [22] was only 96 which was not large enough for testing
the association between infant sleep and weight; (3) In addition, almost all of the previous studies
corroborated the sleep-weight association through traditional statistical methods, such as partial
correlations, stepwise regression analysis, and so on. These traditional methods can only control
observed confounding factors, however, they cannot adjust the unobserved confounders such as genes,
which might draw fallacious conclusions. Given the limitations of current studies, the association
between sleep and body weight among infants remains unclear and requires further epidemiological
studies to identify.

To our knowledge, a longitudinal study is better in demonstrating causality association of
infant sleep with weight than cross sectional study. Compared with the traditional statistical
analysis, the panel data model can control both observed and unobserved confounding factors within
individuals [24,25] and is more suitable for the longitudinal data analysis by connecting individual
experience and behaviors at different time points [25–28]. In this study, we aim to reconsider sleep
duration and sleep problems in infants and their association with body weight by using the panel data
model analysis based on a retrospective longitudinal cohort of Chinese infants.

2. Materials and Methods

2.1. Subjects and Sampling

This study is a retrospective longitudinal cohort of Chinese infants, and it aims to provide
an insight into the weight changes of infants and to examine the association between infant sleep
and infant weight. The Community Health Service Centers of Sifangping, Dongfenglu, Xinhe streets
of Kaifu District in Changsha, China were selected as the investigation sites. Random sampling
method was used to select the infants who were born in these Community Health Service Centers
during 2013. Data were collected at five time points: 1, 3, 6, 8, and 12 months old in infancy.
Eligibility requirements of subjects specified: (1) mothers and their infants who live in Changsha and
have completed health records at any of the Community Health Service Centers; (2) mothers who have
no cardiovascular diseases and other organic diseases; (3) infants who are not twins, multiple fetuses
and without congenital diseases. Finally, 575 infants were recruited in this study at the baseline survey.
After excluding failed follow-ups and incomplete records such as missing key information like infant
weight (n = 56), 519 respondents who completed all the follow-ups as well as meeting the inclusion
criteria were included.
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2.2. Data Collection

2.2.1. Measurement of Infant Weight

To increase the reliability of measures, each infant weight was tested twice with an electronic
portable scale with a precision of 0.1 kg at five time points: 1, 3, 6, 8, and 12 months old in infancy.
Data were collected by the doctors of Community Health Service Centers at regular checkups during
the year of 2013. Infant weight was calculated by subtracting the clothes weight from the average
of two measurements. Birth weight was collected from the infant’s maternity card. Weight-for-age
Z-score was calculated by using the principles of World Health Organization Growth Standard (2006).
Infant’s nutritional status was divided into four categories namely malnutrition, normal weight,
overweight, and obesity, according to weight-for-age Z-score [29].

2.2.2. Measurement of Infant Sleep

Data regarding infant sleep were obtained by maternal reports of infant behaviors at 1–12 months
of age. Throughout this paper infant sleep was assessed using maternal reports of infant sleep duration
and infant sleep problems. Infant sleep duration in the last week was acquired by asking mothers
question like: “What is the average total time slept during the day and at night of your baby in
a 24-h period?” Infant sleep problems was defined as waking up three times or even more per night,
or parents reporting “severe” disturbance proposed by Zuckerman [30]. In this study, it was assessed
by asking mothers to respond “yes” or “no” to the following question: “Does your baby has sleep
problems such as night waking or settling problems at night recently?”

2.2.3. Factors of Families and Infants

The self-made family and infant questionnaire was used to collect two aspects of information by
face-to-face interviews, including infant and family socioeconomic factors and infant feeding patterns.
Maternal age, educational level, marital status, infant gender, and per capita income of households
were first collected in the demographic information questionnaire. Infant feeding patterns, time of
outdoor activities, taking Vitamin D, and other health information were collected by the interviewers
when infants were at 1, 3, 6, 8, and 12 months of age. While a variety of definitions of the exclusive
breastfeeding have been suggested, this study uses the latest definition proposed by the World Health
Organization and the United Nations International Children’s Emergency Fund on the 55th World
Health Assembly in May 2001, that is, 0 to 6 months old infants shall not accept any other food, drink,
and even water besides breast milk. Artificial feeding referred to mothers who did not have breast
milk and needed milk substitutes to feed their infants. Mixing feeding was defined as the insufficient
supply of a mother’s breast milk which requires the compensation of the milk substitutes to meet the
needs of their infant’s growth.

2.3. Data Analysis

The superiority of the panel data model is that it can increase the estimator precision by increasing
the number of observations and obtain more dynamic information than a single cross sectional
data [28], which can reflect the optimal validity of data [27]. Furthermore, the fixed effects model
can eliminate the influence of individual-variant but time-invariant unobserved confounders in the
study [31]. There are three kinds of panel data models namely, pooled effects model, fixed effects
model, and random effects model. The basic linear panel models can be described through suitable
restrictions of the following general model:

yit = αit + µit + Xitβit, (1)

where i = 1 . . . N refers to the individual index, t = 1. T is the time index and µit refers to a random
disturbance term of mean 0. yit refers to an explained variable, αit refers to intercept, Xit refers to
an explanatory variable, βit represents the coefficient of Xit.
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When αit = α, for all i, t and βit = β, for all i, t, the model turns into a standard linear model pooled.

yit = α+ µit + Xitβ, (2)

When αit = αi, for all t, the resulting model is called the fixed effects model,

yit = αi + µit + Xitβ, (3)

If the individual-specific component µit is uncorrelated with the regressors, the situation is usually
termed random effects model.

The data was checked manually for completeness and input via EpiData version 3.1
(EpiData Association, Odense, Denmark) by two investigators. Nutritional status such as malnutrition
rates were compared between different months old infants using the χ2 test. Change trends of
socioeconomic factors of infant’s families among different time points were examined by using
generalized estimating equations via statistical analysis software PASW (Predictive Analytics Software)
statistics version 18.0 (SPSS, Chicago, IL, USA). Using the plm package of R software version 3.3.1
(Foundation for Statistical Computing, Vienna, Austria) to investigate the relationship between infant
sleep and infant body weight based on the panel data model. Significance level was set to p < 0.05, p was
bilateral and was used for all analyses. The different follow-up months were seen as observation time
points and each infant was viewed as a cross section. The outcome variable in the study represented
the infant weight in kg at each time point. The potential influencing factors of infant weight, such as
sleep duration and feeding patterns, were viewed as the explanatory variables in the panel data model.
This study collected 5 × 519 data points in total. At first, the data was fitted with the pooled effects
model, fixed effects model and random effects model respectively. Then, using the F test to choose
between fixed and pooled effects specifications, and comparing the two estimators under the null
hypothesis of no significant difference: if this is rejected, then the more efficient fixed effects estimator
is chosen. The selection for fixed and random effects specifications is based on Hausman-type test,
if this is rejected, a fixed effects model is chosen [32]. At last, according to the results, reasonable panel
data model was chosen to elaborate the real association between infant sleep and their body weight
after controlling potential family socioeconomic factors.

2.4. Ethical Approval

This study was approved by the Ethics Committee (EC) of clinical pharmacology institute of
Central South University (CTXY-130041-3-2). Participants were told that the information collected
would be kept strictly confidential by the investigators. The parents who met the inclusion criteria and
wrote the informed consent were involved in this study.

3. Results

3.1. General Description of Infants and Their Mothers

Table 1 summarizes the characteristics of the subjects. This study consecutively enrolled 519 cases
with complete information, including 268 males and 251 females. The average infant’s birth weight
and height were (3.31 ± 0.43) kg and (49.87 ± 1.08) cm, respectively. The average gestational age of
infants was (39.06 ± 1.76) weeks.

Table 2 shows the results of χ2 test for the nutritional status such as malnutrition rates of different
months old infants. Significant differences of the nutritional status were found and summarized in
Table 2. In general, decreasing trends across the five time points were observed in the prevalence of
malnutrition and normal weight from 15.8% to 5.2% and 61.0% to 53.9%, respectively. By contrast,
it was found that the proportion of infant overweight increased with age from 13.9% to 27.2% and
peaked at eight months of age, reaching up to 28.3%. Obesity occurred mostly at three months old,
accounting for 24.0% (Figure 1).
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Table 1. Baseline characteristics of infants and their mothers in Changsha, China, 2013–2014.

Variable Sample Size (n) Percentage (%)

Maternal education level

Junior high or inferior 23 4.4
Senior high 105 20.2
Bachelor’s degree 339 65.3
Master’s degree or advanced 52 10.1

Maternal age

<25 61 11.8
25–29 194 37.4
30–34 210 40.5
≥35 54 10.3

Per capita income of Chinese households (yuan)

<5000 280 54.0
5001–<10,000 183 35.3
10,001–<15,000 41 7.9
≥15,000 15 2.9

Marital status

Single 5 0.9
First marriage 508 97.9
Remarriage 6 1.2

Maternal smoking status during pregnancy

No 512 98.7
Sometimes 5 0.9
Smoking every day 2 0.4

Paternal smoking status during pregnancy

No 298 57.4
Sometimes 49 9.4
Smoking every day 171 33.2

Infant gender

Male 268 51.6
Female 251 48.4

Table 2. Nutritional status of 0–12 months old infants among different time points 1 (According to
longitudinal community-based retrospective birth cohort study conducted in Changsha in 2013–2014).

Nutritional
Status

Month Old
χ2 Trend p-Value

0 1 3 6 8 12

Malnutrition 82 (15.8) 53 (10.2) 27 (5.2) 23 (4.4) 22 (4.2) 27 (5.2) 54.79 Decreasing <0.001
Normal weight 317 (61.0) 295 (56.8) 265 (51) 268 (51.6) 252 (48.6) 280 (53.9) 10.71 Decreasing <0.001

Overweight 72 (13.9) 97 (18.7) 102 (19.7) 136 (26.2) 147 (28.3) 141 (27.2) 44.41 Increasing <0.001
Obesity 48 (9.2) 74 (14.3) 125 (24.0) 92 (17.8) 98 (18.9) 71 (13.7) 4.78 Increasing 0.029

1 Data are presented as number (percentages).

Table 3 shows the generalized estimating equations results based on the individual level for the
differences of infant and family socioeconomic factors across the five time points. Infant month age was
viewed as the independent variable while weight, number of breast-feedings per day, sleep problems,
and other variables were viewed as the dependent variables in the generalized estimating equations.
Infant sleep duration declined from 17.78 h to 12.29 h during infancy (p < 0.05). This study did not find
out any evidence that infant sleep problems had significant differences across different time points
(p = 0.344). Change trends of infant weight, number of formula per day, and the time of outdoor
activities increased continuously with age (p < 0.05). Similarly, the increased proportion of infant
formula feeding and complimentary feeding were observed across the five time points (p < 0.05).
The number of breast-feedings per day and breast-feeding rate declined sharply during infancy
(p < 0.05).
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Figure 1. Prevalence of malnutrition, normal weight, overweight, and obesity infants aged 0–12 months
old in Changsha, China in 2013.

Table 3. The characteristics of the subjects in each time point based on panel data 1 (According to
longitudinal community-based retrospective birth cohort study conducted in Changsha in 2013–2014).

Variable
Months Old

p-Value
1 3 6 8 12

Number of subjects (n) 519 519 519 519 519
Weight (kg) 4.61 (0.61) 6.77 (1.63) 8.45 (2.32) 9.19 (2.38) 9.97 (1.03) <0.001
Number of breast-feedings per day (n) 9.7 (4.6) 7.7 (4.6) 5.1 (4.7) 3.0 (2.8) 1.3 (2.5) <0.001
Breast feeding (%) 502 (96.7) 478 (92.1) 413 (79.6) 318 (61.3) 161 (31.0) <0.001
Number of formula per day (n) 1.2 (2.6) 1.5 (2.5) 1.9 (2.3) 2.4 (2.6) 2.6 (2.7) <0.001
Formula feeding (%) 146 (28.1) 174 (33.5) 269 (51.8) 350 (67.4) 433 (83.4) <0.001
Complimentary feeding (%) 2 (0.4) 23 (4.3) 483 (93.1) 513 (98.8) 517 (99.6) <0.001
Sleep problems (%) 18 (3.46) 16 (3.08) 18 (3.46) 16 (3.08) 24 (4.62) 0.344
Sleep duration (hours) 17.78 (1.89) 16.11 (1.67) 14.78 (1.60) 13.67 (1.30) 12.29 (1.90) <0.001
Time of outdoor activities (hours) 0.16 (0.88) 1.65 (0.72) 2.14 (0.94) 2.45 (0.86) 2.77 (1.34) <0.001
Taking Vitamin D (n) 482 (92.7) 512 (98.7) 507 (97.7) 505 (97.3) 496 (95.6) <0.001

1 Data are expressed as means (standard deviation) or number (percentages).

The results for the correlation of infant sleep duration and sleep problems with infant weight
across different time points are presented in Table 4. Significant negative correlations between sleep
duration and infants weight have been reported in the study when infants were at 1, 3, 6 months old,
respectively (p < 0.05). However, such relevance is not statistically significant after infants reached
8 months old. This study did not find out any evidence that infants sleep problems had a significant
difference on their body weight during infancy.

Table 4. The correlation of infant sleep duration and sleep problems with infant weight across five time
points based on panel data (According to longitudinal community-based retrospective birth cohort
study conducted in Changsha in 2013–2014).

Variable Weight for Different Time Points (Months Old) r/rs p-Value

Sleep duration 1

1 −0.100 0.027
3 −0.229 0.000
6 −0.297 0.000
8 −0.064 0.148

12 −0.010 0.823

Sleep problems 2

1 −0.020 0.644
3 −0.081 0.065
6 −0.017 0.703
8 −0.062 0.162

12 −0.024 0.594
1 The correlation of sleep duration and infant weight across five time points were examined by using simple
correlation; 2 The correlation of sleep problems and infant weight across five time points were tested by using
Spearman rank correlation.
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3.2. The Panel Data Analysis

Figure 2 shows the weight growth curves for 519 infants aged from 0 to 12 months old. In order
to describe the study explicitly, we divided the weight growth tracks into six equal parts in the
picture according to their sequential panel ID. Each curve was corresponding to an infant. Visually,
the tracks of infant weight growth are shown to us so that we can assess their nutritional status and
screen overweight and obesity timely by comparing with the standard weight growth curves. Table 5
provides the results of relationships between infants sleep and their body weight based on the panel
data models. The data was fitted with the pooled effects model, fixed effects model, and random
effects model respectively. This study used F test and Hausman-type test to assess the fitting effects of
the above models. We got the statistics F = 3.8894, p < 0.01, which indicated that fitting the fixed effects
model was better than fitting the pooled effects model. The statistics of the Hausman-type test were
388.65, p < 0.01, which meant the fixed effects model offered a less biased estimate than random effects.
Furthermore, considering the adjusted R-Squared of the three models, the fixed effects model was
more suitable for the final analysis. According to the results of diagnostic tests and the fitness of three
models, fixed effects method was used to estimate the relationship between sleep and body weight.
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The fixed effects model can output 519 intercepts for the 519 infants. Each Infant had
a corresponding intercept. Therefore, the final fixed effects model presented as follows:

Weightit = αi + µit − 0.049NDit − 0.185BFit − 0.025NFit − 0.113FAit + 1.543CFit−
0.337SDit − 0.246SPit + 0.313OAit + 0.167TVDit,

(4)

The results of fixed effects model revealed that infants sleep duration were correlated to their body
weight and could protect the weight from increasing excessively, after adjusting the infant feeding
patterns and socioeconomic factors of their families. However, there was no significant association
between sleep problems and infant weight in this study. The present study suggested that variables
such as breast feeding, number of breast-feedings per day, and number of formula feedings per day
have negative significant relationships with their weight, on the other hand, formula feeding and time
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of outdoor activities presented positive effects on infant weight. It was found that taking Vitamin D
had no statistical difference on infant weight in this study.

Table 5. Results of relationship between infant sleep and their weight based on the panel data models
(According to a longitudinal community-based retrospective birth cohort study conducted in Changsha
in 2013–2014).

Variable
Pooled Effects Model Fixed Effects Model Random Effects Model

B S.E p-Value B S.E p-Value B S.E p-Value

Intercept 7.131 0.690 <0.001 8.105 0.880 <0.001
Number of breastfeeding per day (ND) −0.040 0.007 <0.001 −0.049 0.007 <0.001 −0.040 0.006 <0.001
Breast feeding (BF) −0.302 0.073 <0.001 −0.185 0.071 0.009 −0.276 0.067 <0.001
Number of formula per day (NF) −0.038 0.013 <0.001 −0.025 0.013 0.050 −0.031 0.012 0.004
Formula feeding (FA) −0.094 0.074 0.205 −0.113 0.079 0.150 −0.097 0.072 0.178
complimentary feeding (CF) 1.933 0.068 <0.001 1.543 0.061 <0.001 1.748 0.060 <0.001
Sleep duration (SD) −0.192 0.013 <0.001 −0.337 0.016 <0.001 −0.258 0.013 <0.001
Sleep problems (SP) −0.136 0.125 0.278 −0.246 0.168 0.151 −0.197 0.137 0.150
Outdoor activities (OA) 0.330 0.021 <0.001 0.313 0.022 <0.001 0.342 0.020 <0.001
Taking Vitamin D (TVD) −0.109 0.127 0.389 0.167 0.143 0.260 0.067 0.128 0.601
Birth weight (BW) 0.897 0.057 <0.001 0.898 0.081 <0.001
Gender (GEN) −0.024 0.046 0602 −0.048 0.065 0.465
Maternal education level (ME) 0.007 0.035 0.844 0.014 0.050 0.779
Per capita income of Chinese
households (HI) −0.063 0.028 0.002 −0.055 0.039 0.161

Gestational age (GA) −0.045 0.014 0.001 −0.048 0.020 0.017
Maternal smoking status during
pregnancy (MS) 0.007 0.115 0.955 0.039 0.164 0.810

Paternal smoking status during
pregnancy (PS) 0.032 0.036 0.368 0.032 0.050 0.529

Adjusted R2 0.73 0.81 0.80
F statistics 388.81 989.60 575.25
Overall significance of model <0.001 <0.001 <0.001

4. Discussion

Based on the panel data model, this retrospective longitudinal cohort study revealed that
insufficient sleep duration in infants was associated with their weight, in contrast, there was no
association with between infant sleep problems and their weight, after adjusting the unobserved
confounders and feeding patterns.

As described above, extensive studies have been carried out regarding the relationship between
sleep and weight among adults, but rarely were there any studies focused on infants. However,
excess weight gain during infancy has a profound influence on children and adults, which is worthy
of our attention. Previous studies have noted that infant feeding patterns have always been a known
factor affecting infant weight, which is consistent with our results [33]. Lower rates of rapid infant
weight gain and later obesity have been recognized on breast feeding infants than formula feeding
ones [34]. Comparing to the formula-fed infants, this benefit of breastfed ones might be associated
with a lower calorie intake, as it was found that the breastfed ones had a better self-regulation in
milk intake [35,36]. Similarly, lack of physical activity was a recognized contributor to child obesity.
Institute of Medicine guidelines (IOM, 2011) have suggested, in order to prevent overweight or obesity
in childhood, infants should be given more daily opportunity to move freely both indoors and outdoors
rather than confined to equipment such as baby seats or bouncer seats [9].

After adjusting the feeding patterns and other unobserved confounders, our study found that
infant sleep deprivation was a risk factor for infant weight. Tikotzky et al. [22] had indicated
a significant correlation between infant sleep duration and obesity after controlling the potential
infant’s and family’s confounding factors during the first six months in infancy. Our findings extend
their results to one-year-old infants. The beta coefficient of sleep duration for the relative increase
in infant weight was −0.337 (kg/h) in our study, which was consistent with that of Tikotzky et al.
In addition, previous studies have shown that frequent night waking or settling problems, are related to
obesity and body weight [15,16], but no significant difference was observed between them in our study.
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It might be the result that we did not incorporate data on satisfaction or quality of sleep, which might
have affected our results [37]. Therefore, large-scale prospective studies would be required to further
explore the association between infant sleep problems with their body weight.

Although the plausible reason for the relationship between sleep duration with the relative
increase in infant weight remains unclear, some rational reasons for this could be interpreted.
For example, sleep deprivation may cause neurochemicals and appetite changes that are related
to the cause of excess weight gain and obesity [13]. Moreover, previous studies have proved that sleep
was associated with increased BMI by increasing expression of genetic risks for high body weight [14].
In addition, shorter sleep duration means that the baby could have more opportunities and more time
to eat snacks and other kind of foods [38].

One of the main strengths of this study is that we primarily focused on the infants to investigate
the relationship between sleep and their body weight, which had been widely examined on adults,
but rarely on infants. The study provides more evidence for further studies to demonstrate a correlation
of sleep duration and sleep problems with infant weight. Furthermore, the use of community-based
panel data was considered as a superior element in this study. Compared with the cross-sectional
data, panel data can provide more information by connecting individual experience at different times
and screen weight changes timely through weight growth curves. In addition, the time-invariant
confounding factors—such as genes and social and parental factors—that may also affect the reliability
and validity of parameter estimates could be controlled partly by using the fixed effects model.

However, the research does have limitations. First, the main weakness of the current study
is the failure to enlarge the sample size. Mothers of this sample population are highly educated
with good salaries at their various working places. Recent study has proved that higher maternal
education was associated with higher frequency of exclusive breastfeeding in the first six months,
infants and children of better educated mothers more frequently had an adequate dietary diversity.
Considering these better feeding behaviors which were good for keeping infant a healthy weight,
the effect of infants’ short sleep duration on their body weight might be underestimated [39]. Second,
the retrospective design of the current study may present recall bias during the data collecting
process [13]. The association between infant sleep and body weight may lead to a bit deviation because
of potential inaccuracy of information. Thus, relevant prospective research should be done in the future
to overcome this methodological limitation. Third, the measurement of infant sleep duration was
based on the mother’s self-report and not by objective actigraph measurement. Previous studies have
demonstrated a moderate correlation between self-reported and actigraphy assessed sleep duration
and have shown that the mean actigraphy-assessed time spent asleep in the night was 6.74 (SD, 1.02) h,
the self-reported sleep duration was more than 1 h longer (7.86 (SD, 1.28) h) [40,41]. Using self-reported
sleep duration might introduce some measurement error and result in information bias of association
between sleep duration and body weight. Fourth, there are many other relevant factors that are
associated with infant weight that were not included in our data analysis because those data were not
available. Therefore, future research should consider the multiple potential factors that may be related
to infant weight.

5. Conclusions

Setting aside the limitations, this study did suggest a reliable relationship between infant
sleep duration and infant body weight and provided robust evidence in this field for other studies.
Family members, especially parents, should pay more attention to infant sleep duration and help them
develop a good sleep habits and ensure adequate sleep duration in order to maintain a healthy weight
for infants.



Int. J. Environ. Res. Public Health 2017, 14, 458 10 of 12

Acknowledgments: This work was supported by the National Natural Science Foundation (NNSF) of China
(81373101). The authors are grateful to all the Community Health Service Center’ coordinators, for their help with
the field procedures, and the entire team, including all the students who helped with data collection.

Author Contributions: Each author’s individual contributions are briefly explained as follows. Yan Yan the
corresponding author, conceived, designed, and led the research; Tingting Sha designed both the study and its
analytical strategy, performed the data analyses, and wrote the manuscript; Xiao Gao helped conducting the
literature review; Guangyu Zeng directed its implementation, including quality assurance and control; Qiong He
contributed to the draft and revised article; Shiting Xiang helped supervising the field activities; Shiping Liu
completed the acquisition of data.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lobstein, T.; Jackson-Leach, R.; Moodie, M.L.; Hall, K.D.; Gortmaker, S.L.; Swinburn, B.A.; James, W.P.;
Wang, Y.; McPherson, K. Child and adolescent obesity: Part of a bigger picture. Lancet 2015, 385, 2510–2520.
[CrossRef]

2. Kobayashi, D.; Takahashi, O.; Deshpande, G.A.; Shimbo, T.; Fukui, T. Association between weight gain,
obesity, and sleep duration: A large-scale 3-year cohort study. Sleep Breath. 2012, 16, 829–833. [CrossRef]
[PubMed]

3. Yoon, K.H.; Lee, J.H.; Kim, J.W.; Cho, J.H.; Choi, Y.H.; Ko, S.H.; Zimmet, P.; Son, H.Y. Epidemic obesity and
type 2 diabetes in asia. Lancet 2006, 368, 1681–1688. [CrossRef]

4. WHO. Global Strategy on Diet, Physical Activity and Health. Available online: http://www.who.int/
dietphysicalactivity/childhood/en/ (accessed on 3 January 2017).

5. Whitaker, R.C.; Wright, J.A.; Pepe, M.S.; Seidel, K.D.; Dietz, W.H. Predicting obesity in young adulthood
from childhood and parental obesity. N. Engl. J. Med. 1997, 337, 869–873. [CrossRef] [PubMed]

6. Weng, S.F.; Redsell, S.A.; Swift, J.A.; Yang, M.; Glazebrook, C.P. Systematic review and meta-analyses of
risk factors for childhood overweight identifiable during infancy. Arch. Dis. Child. 2012, 97, 1019–1026.
[CrossRef] [PubMed]

7. Anzman, S.L.; Rollins, B.Y.; Birch, L.L. Parental influence on children‘s early eating environments and obesity
risk: Implications for prevention. Int. J. Obes. 2010, 34, 1116–1124. [CrossRef] [PubMed]

8. Zhou, J.; Dang, S.; Zeng, L.; Gao, W.; Wang, D.; Li, Q.; Jiang, W.; Pei, L.; Li, C.; Yan, H. Rapid infancy weight
gain and 7- to 9-year childhood obesity risk: A prospective cohort study in rural western China. Medicine
2016, 95, e3425. [CrossRef] [PubMed]

9. Gaffney, K.F.; Kitsantas, P.; Brito, A.; Kastello, J. Baby steps in the prevention of childhood obesity:
Iom guidelines for pediatric practice. J. Pediatr. Nurs. 2014, 29, 108–113. [CrossRef] [PubMed]

10. Salgin, B.; Norris, S.A.; Prentice, P.; Pettifor, J.M.; Richter, L.M.; Ong, K.K.; Dunger, D.B. Even transient rapid
infancy weight gain is associated with higher bmi in young adults and earlier menarche. Int. J. Obes. 2015,
39, 939–944. [CrossRef] [PubMed]

11. De Miguel-Etayo, P.; Bueno, G.; Garagorri, J.M.; Moreno, L.A. Interventions for treating obesity in children.
World Rev. Nutr. Diet. 2013, 108, 98–106. [PubMed]

12. Chaput, J.P. Short sleep duration as a cause of obesity: Myth or reality? Obes. Rev. 2011, 12, e2–e3. [PubMed]
13. Spiegel, K.; Tasali, E.; Penev, P.; Van Cauter, E. Brief communication: Sleep curtailment in healthy young

men is associated with decreased leptin levels, elevated ghrelin levels, and increased hunger and appetite.
Ann. Intern. Med. 2004, 141, 846–850. [CrossRef] [PubMed]

14. Watson, N.F.; Harden, K.P.; Buchwald, D.; Vitiello, M.V.; Pack, A.I.; Weigle, D.S.; Goldberg, J. Sleep duration
and body mass index in twins: A gene-environment interaction. Sleep 2012, 35, 597–603. [CrossRef] [PubMed]

15. Brown, A.; Harries, V. Infant sleep and night feeding patterns during later infancy: Association with
breastfeeding frequency, daytime complementary food intake, and infant weight. Breastfeed. Med. 2015, 10,
246–252. [CrossRef] [PubMed]

16. Lazaratou, H.; Soldatou, A.; Dikeos, D. Medical comorbidity of sleep disorders in children and adolescents.
Curr. Opin. Psychiatry 2012, 25, 391–397. [CrossRef] [PubMed]

17. Lyytikainen, P.; Rahkonen, O.; Lahelma, E.; Lallukka, T. Association of sleep duration with weight and
weight gain: A prospective follow-up study. J. Sleep Res. 2011, 20, 298–302. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S0140-6736(14)61746-3
http://dx.doi.org/10.1007/s11325-011-0583-0
http://www.ncbi.nlm.nih.gov/pubmed/21892668
http://dx.doi.org/10.1016/S0140-6736(06)69703-1
http://www.who.int/dietphysicalactivity/childhood/en/
http://www.who.int/dietphysicalactivity/childhood/en/
http://dx.doi.org/10.1056/NEJM199709253371301
http://www.ncbi.nlm.nih.gov/pubmed/9302300
http://dx.doi.org/10.1136/archdischild-2012-302263
http://www.ncbi.nlm.nih.gov/pubmed/23109090
http://dx.doi.org/10.1038/ijo.2010.43
http://www.ncbi.nlm.nih.gov/pubmed/20195285
http://dx.doi.org/10.1097/MD.0000000000003425
http://www.ncbi.nlm.nih.gov/pubmed/27100435
http://dx.doi.org/10.1016/j.pedn.2013.09.004
http://www.ncbi.nlm.nih.gov/pubmed/24707547
http://dx.doi.org/10.1038/ijo.2015.25
http://www.ncbi.nlm.nih.gov/pubmed/25771929
http://www.ncbi.nlm.nih.gov/pubmed/24029793
http://www.ncbi.nlm.nih.gov/pubmed/21501373
http://dx.doi.org/10.7326/0003-4819-141-11-200412070-00008
http://www.ncbi.nlm.nih.gov/pubmed/15583226
http://dx.doi.org/10.5665/sleep.1810
http://www.ncbi.nlm.nih.gov/pubmed/22547885
http://dx.doi.org/10.1089/bfm.2014.0153
http://www.ncbi.nlm.nih.gov/pubmed/25973527
http://dx.doi.org/10.1097/YCO.0b013e3283556c7a
http://www.ncbi.nlm.nih.gov/pubmed/22801357
http://dx.doi.org/10.1111/j.1365-2869.2010.00903.x
http://www.ncbi.nlm.nih.gov/pubmed/21199039


Int. J. Environ. Res. Public Health 2017, 14, 458 11 of 12

18. Theorell-Haglow, J.; Berne, C.; Janson, C.; Sahlin, C.; Lindberg, E. Associations between short sleep duration
and central obesity in women. Sleep 2010, 33, 593–598. [CrossRef] [PubMed]

19. Peng, K.; Lin, L.; Wang, Z.; Ding, L.; Huang, Y.; Wang, P.; Xu, Y.; Lu, J.; Xu, M.; Bi, Y.; et al. Short sleep
duration and longer daytime napping are associated with nonalcoholic fatty liver disease in Chinese adults.
J. Diabetes 2016. [CrossRef] [PubMed]

20. Woo Baidal, J.A.; Locks, L.M.; Cheng, E.R.; Blake-Lamb, T.L.; Perkins, M.E.; Taveras, E.M. Risk factors for
childhood obesity in the first 1000 days: A systematic review. Am. J. Prev. Med. 2016, 50, 761–779. [CrossRef]
[PubMed]

21. Taveras, E.M.; Rifas-Shiman, S.L.; Oken, E.; Gunderson, E.P.; Gillman, M.W. Short sleep duration in infancy
and risk of childhood overweight. Arch. Pediatr. Adolesc. Med. 2008, 162, 305–311. [CrossRef] [PubMed]

22. Tikotzky, L.; DE Marcas, G.; Har-Toov, J.; Dollberg, S.; Bar-Haim, Y.; Sadeh, A. Sleep and physical growth in
infants during the first 6 months. J. Sleep Res. 2010, 19, 103–110. [CrossRef] [PubMed]

23. Hewitt, D.; Stewart, A. The oxford child health survey: A study of the influence of social and genetic factors
on infant weight. Hum. Biol. 1952, 24, 309–319. [PubMed]

24. Fujiwara, T.; Kawachi, I. Is education causally related to better health? A twin fixed-effect study in the USA.
Int. J. Epidemiol. 2009, 38, 1310–1322. [CrossRef] [PubMed]

25. Jakobsson, N.; Svensson, M. Copayments and physicians visits: A panel data study of swedish regions
2003–2012. Health Policy 2016, 120, 1095–1099. [CrossRef] [PubMed]

26. Jafari, H.; Jaafaripooyan, E.; Vedadhir, A.A.; Foroushani, A.R.; Ahadinejad, B.; Pourreza, A. Socio-economic
factors influencing on total fertility rate in Iran: A panel data analysis for the period of 2002–2012.
Electron. Physician 2016, 8, 2551–2556. [CrossRef] [PubMed]

27. Changhui, X. The application of panel data model about infant growth and development evaluation. Chin. J.
Health Stat. 2015, 30, 939. (In Chinese).

28. Guo, X.; Ren, D.; Shi, J. Carbon emissions, logistics volume and gdp in China: Empirical analysis based on
panel data model. Environ. Sci. Pollut. Res. 2016, 23, 24758–24767. [CrossRef] [PubMed]

29. Van den Broeck, J.; Willie, D.; Younger, N. The world health organization child growth standards:
Expected implications for clinical and epidemiological research. Eur. J. Pediatr. 2009, 168, 247–251. [CrossRef]
[PubMed]

30. Zuckerman, B.; Stevenson, J.; Bailey, V. Sleep problems in early childhood: Continuities, predictive factors,
and behavioral correlates. Pediatrics 1987, 80, 664–671. [PubMed]

31. Nishiura, C.; Hashimoto, H. Sleep duration and weight gain: Reconsideration by panel data analysis.
J. Epidemiol. 2014, 24, 404–409. [CrossRef] [PubMed]

32. Bayati, M.; Vahedi, S.; Esmaeilzadeh, F.; Kavosi, Z.; Jamali, Z.; Rajabi, A.; Alimohamadi, Y. Determinants of
maternal mortality in eastern mediterranean region: A panel data analysis. Med. J. Islam. Repub. Iran 2016,
30, 360. [PubMed]

33. Cartagena, D.; McGrath, J.M.; Masho, S.W. Differences in modifiable feeding factors by overweight status in
latino infants. Appl. Nurs. Res. 2016, 30, 210–215. [CrossRef] [PubMed]

34. Holmes, A.V.; Auinger, P.; Howard, C.R. Combination feeding of breast milk and formula: Evidence for
shorter breast-feeding duration from the national health and nutrition examination survey. J. Pediatr. 2011,
159, 186–191. [CrossRef] [PubMed]

35. Prentice, P.; Ong, K.K.; Schoemaker, M.H.; van Tol, E.A.; Vervoort, J.; Hughes, I.A.; Acerini, C.L.; Dunger, D.B.
Breast milk nutrient content and infancy growth. Acta Paediatr. 2016, 105, 641–647. [CrossRef] [PubMed]

36. Mei, H.; Guo, B.; Yin, B.; Liang, X.; Adair, L.; Thompson, A.; Zhang, J. Interactive effects of early exclusive
breastfeeding and pre-pregnancy maternal weight status on young children’s BMI—A Chinese birth cohort.
PLoS ONE 2015, 10, e0144357. [CrossRef] [PubMed]

37. Lam, J.C.; Ip, M.S. Sleep & the metabolic syndrome. Indian J. Med. Res. 2010, 131, 206–216. [PubMed]
38. Nedeltcheva, A.V.; Kilkus, J.M.; Imperial, J.; Kasza, K.; Schoeller, D.A.; Penev, P.D. Sleep curtailment is

accompanied by increased intake of calories from snacks. Am. J. Clin. Nutr. 2009, 89, 126–133. [CrossRef]
[PubMed]

39. Kronborg, H.; Foverskov, E.; Vaeth, M. Breastfeeding and introduction of complementary food in Danish
infants. Scand. J. Public Health 2015, 43, 138–145. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/sleep/33.5.593
http://www.ncbi.nlm.nih.gov/pubmed/20469801
http://dx.doi.org/10.1111/1753-0407.12489
http://www.ncbi.nlm.nih.gov/pubmed/27701849
http://dx.doi.org/10.1016/j.amepre.2015.11.012
http://www.ncbi.nlm.nih.gov/pubmed/26916261
http://dx.doi.org/10.1001/archpedi.162.4.305
http://www.ncbi.nlm.nih.gov/pubmed/18391138
http://dx.doi.org/10.1111/j.1365-2869.2009.00772.x
http://www.ncbi.nlm.nih.gov/pubmed/19840242
http://www.ncbi.nlm.nih.gov/pubmed/13010779
http://dx.doi.org/10.1093/ije/dyp226
http://www.ncbi.nlm.nih.gov/pubmed/19528192
http://dx.doi.org/10.1016/j.healthpol.2016.07.010
http://www.ncbi.nlm.nih.gov/pubmed/27477892
http://dx.doi.org/10.19082/2551
http://www.ncbi.nlm.nih.gov/pubmed/27504172
http://dx.doi.org/10.1007/s11356-016-7615-z
http://www.ncbi.nlm.nih.gov/pubmed/27658404
http://dx.doi.org/10.1007/s00431-008-0796-9
http://www.ncbi.nlm.nih.gov/pubmed/18670787
http://www.ncbi.nlm.nih.gov/pubmed/3670967
http://dx.doi.org/10.2188/jea.JE20140012
http://www.ncbi.nlm.nih.gov/pubmed/25088695
http://www.ncbi.nlm.nih.gov/pubmed/27453890
http://dx.doi.org/10.1016/j.apnr.2015.09.005
http://www.ncbi.nlm.nih.gov/pubmed/27091280
http://dx.doi.org/10.1016/j.jpeds.2011.02.006
http://www.ncbi.nlm.nih.gov/pubmed/21429512
http://dx.doi.org/10.1111/apa.13362
http://www.ncbi.nlm.nih.gov/pubmed/26865238
http://dx.doi.org/10.1371/journal.pone.0144357
http://www.ncbi.nlm.nih.gov/pubmed/26641272
http://www.ncbi.nlm.nih.gov/pubmed/20308746
http://dx.doi.org/10.3945/ajcn.2008.26574
http://www.ncbi.nlm.nih.gov/pubmed/19056602
http://dx.doi.org/10.1177/1403494814567171
http://www.ncbi.nlm.nih.gov/pubmed/25630521


Int. J. Environ. Res. Public Health 2017, 14, 458 12 of 12

40. Lauderdale, D.S.; Knutson, K.L.; Yan, L.L.; Liu, K.; Rathouz, P.J. Self-reported and measured sleep duration:
How similar are they? Epidemiology 2008, 19, 838–845. [CrossRef] [PubMed]

41. Cespedes, E.M.; Hu, F.B.; Redline, S.; Rosner, B.; Alcantara, C.; Cai, J.; Hall, M.H.; Loredo, J.S.;
Mossavar-Rahmani, Y.; Ramos, A.R.; et al. Comparison of self-reported sleep duration with actigraphy:
Results from the hispanic community health study/study of Latinos Sueno Ancillary study. Am. J. Epidemiol.
2016, 183, 561–573. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1097/EDE.0b013e318187a7b0
http://www.ncbi.nlm.nih.gov/pubmed/18854708
http://dx.doi.org/10.1093/aje/kwv251
http://www.ncbi.nlm.nih.gov/pubmed/26940117
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Subjects and Sampling 
	Data Collection 
	Measurement of Infant Weight 
	Measurement of Infant Sleep 
	Factors of Families and Infants 

	Data Analysis 
	Ethical Approval 

	Results 
	General Description of Infants and Their Mothers 
	The Panel Data Analysis 

	Discussion 
	Conclusions 

