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Abstract

Objectives: To explore associations between adverse pregnancy outcomes and 

childhood overweight at 3-8 years of age among Chinese women.

Design: A prospective cohort study.

Setting: Six central urban districts of Tianjin, China.

Participants: 1681 woman-child pairs.

Methods: 1681 woman-child pairs were followed up for 8 years in Tianjin, China. 

Demographic and clinical information including pregnancy outcomes was collected 

longitudinally, commencing from first antenatal care visit till postpartum period. 

Offspring height and weight were measured at 3-8 years of age. High and low 

weight/length ratios (WLR) at birth were respectively defined as ≥90th and ≤10th 

gestational age and sex-specific percentiles. Overweight for children at 3-5 and 6-8 

years of age were respectively defined as body mass index (BMI)-for-age and -sex 

above the 2 z-score and 1 z-score curves of the World Health Organization’s child 

growth standards. Binary logistic regression analysis was used to obtain odds ratios 

(ORs) and 95% confidence interval (CI) with a stepwise backward selection method to 

select independent predictors.

Primary Outcomes Measures: Childhood overweight.

Results: Of 1681 children, 10.7% (n=179) and 27.8% (n=468) developed overweight 

at 3-5 and 6-8 years of age, respectively. Large for gestational age (LGA) was 

associated with increased risk of overweight at 3-5 years of age (OR: 1.86, 95%CI: 

1.27-2.72) while high WLR at birth was associated with increased risk of overweight 
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at 6-8 years of age (1.82, 1.41-2.34). Low WLR at birth was associated with decreased 

risk of overweight at 6-8 years of age (0.52, 0.30-0.90).

Conclusions: LGA and high WLR at birth predicted childhood overweight at 3-5 and 

6-8 years of age, respectively. Low WLR at birth was associated with decreased risk of 

childhood overweight at 6-8 years of age.

Key Words: Large for gestational age; Weight/length ratio; Childhood; Overweight

Strengths and limitations of this study

This study was conducted in the 3-tier antenatal care system in urban Tianjin, China 

and the representativeness of the study population is good.

This study had documented detailed demographic and clinical information of pregnant 

women from their first antenatal care visit till postpartum period, thus available for 

analysis.

This study did not record lifestyle factors of children such as physical activities, sleep 

time and dietary habits, which may exist residual confounding.

Most of women with gestational diabetes mellitus (GDM) in our study were from a 

randomized controlled trial and half of them received intensive care (IC). Although we 

had carefully adjusted for IC and its confounding effect may have not been removed 

completely.
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1. Introduction

Alongside adulthood overweight, childhood overweight has emerged as a serious 

public health issue worldwide. In 2019, World Health Organization (WHO) estimated 

that 38.2 million or 5.6% of children under 5 years of age were overweight globally. 

Furthermore, the prevalence of overweight among children and adolescents aged 5-19 

years had risen dramatically from just 4% in 1975 to over 18% in 20161. As we all 

know, overweight during childhood is likely to continue into adulthood and is 

associated with increased risk of many short-term and long-term adverse health 

outcomes, including psychosocial comorbidity, cardiovascular diseases (CVD), type 2 

diabetes (T2DM) as well as premature mortality2. Consequently, it is of utmost 

importance to identify early risk factors for effective intervention and prevention of 

childhood overweight.

Childhood overweight is a complex, multifactorial condition stemming from 

interactions between genetic and non-genetic factors, including unhealthy dietary 

patterns, inadequate physical activities, shortened sleep duration, increased sedentary 

time and excessive psychological stress3, 4. In addition, it is well established that 

intrauterine exposure to gestational diabetes mellitus (GDM) is associated with 

increased risk of childhood overweight5, 6. 

There are many studies demonstrating that GDM can predispose women at a high 

risk of adverse pregnancy outcomes7, 8. Currently, only a few studies have explored the 

risk association between adverse pregnancy outcomes and childhood overweight with 

inconsistent findings. For example, a large cohort study from Canada found that 

children born with LGA of mothers with GDM were 2.79 times more likely to be 

overweight at 4-6 years of age compared to children born with appropriate for 
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gestational age (AGA) of mothers without diabetes9. However, a retrospective study in 

Xiamen, China failed to find a significant association between infants with LGA of 

women with GDM and later overweight at 1-6 years of age10. A cross-sectional analysis 

from Australia found that low birth weight was associated with decreased risk of 

overweight among girls at 4-5 years of age11. However, a retrospective study in Tianjin, 

China observed that low birth weight was not associated with overweight among 

children aged 3-6 years12. It deserves further investigation of the risk association 

between adverse pregnancy outcomes and childhood overweight.

Using the long-term follow-up data of children born to women enrolled in a 

population-based prospective cohort in Tianjin, China, we aimed to explore the risk 

associations between adverse pregnancy outcomes and childhood overweight at 3-8 

years of age.

2. Subjects, Materials and Methods

2.1 Study settings and population

The study settings and population has been published previously13. Briefly, we 

established a universal screening and management system for GDM in six central urban 

districts of Tianjin, China in 199814. The antenatal care was delivered by a 3-tier 

antenatal care system, consisting of 65 primary hospitals, 6 district-level Women and 

Children's Health Centers (WCHC) and other secondary obstetric hospitals, and a city-

level WCHC, i.e., Tianjin WCHC (TWCHC) and other tertiary obstetric hospitals. On 

the basis of the GDM screening and management system and the 3-tier antenatal care 

network, we set up a cohort of pregnant women and their offspring.

From 2010 to 2012, a total of 22,302 pregnant women were registered at the 
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primary care hospital near their residence. They were offered a 50-gram 1-hour glucose 

challenge test (GCT) at 24-28th gestational weeks. Women with plasma glucose (PG) 

≥7.8 mmol/L were referred to the TWCHC GDM Clinic to undergo a 75-gram 2-hour 

oral glucose tolerance test (OGTT) after an overnight fasting of at least 8 hours. GDM 

was diagnosed according to the International Association of Diabetes and Pregnancy 

Study Group (IADPSG)’s cut-points: fasting PG ≥5.1 mmol/L or 1-hour PG ≥10.0 

mmol/L or 2-hour PG ≥8.5 mmol/L15. Of them, 1251 women without a GCT result and 

891 women with a positive GCT but without a standard OGTT result were excluded. 

Among the remaining 20,160 participants, 1,535 women were diagnosed with GDM 

and 1,040 of them with detailed delivery information were invited to participate in the 

study. Among the 18,625 women without GDM, 1,100 women were randomly selected 

into this study as the controls. In the 1,535 women with GDM, 948 of them participated 

in a randomized controlled trial (RCT) to test the effectiveness of intensive care (IC) of 

GDM during pregnancy on adverse pregnancy outcomes. The details of the RCT and 

IC have been published previously16. After further excluding 42 women who had 

stillbirth, neonatal death or non-singleton pregnancy, a total of 2,098 woman-child pairs 

were included in the long-term follow-up study. 

At postpartum, 2,098 children born to the included women were invited to 

participate in the follow-up study and measured their body height and weight each year 

from 1 to 8 years of age. Finally, a total of 1,681 children underwent at least one 

postpartum follow-up visit and completed body height and weight measurements at 1 

to 8 years of age.

2.2 Ethics

Ethical approval was obtained from the Ethics Committee for Clinical Research of 
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Tianjin Women and Children’s Health Centre. Written informed consent was obtained 

from all participants before data collection.

2.3 Patient and public involvement

Patients and/or the public were not involved in the design, or conduct, or reporting or 

dissemination plans of this research.

2.4 Data collection and clinical measurement

Before the study, all researchers received uniform training to standardize the 

anthropometric and clinical measurements. Data were collected longitudinally from a 

series of questionnaires or extracted from the database of Maternal and Child Health 

Information System. At registration for pregnancy, we collected information on 

maternal height, weight, age, systolic blood pressure (SBP), diastolic blood pressure 

(DBP), education attainment, parity, family history of diabetes in first-degree relatives, 

smoking and drinking during pregnancy. Maternal height and weight were measured 

with light clothing and without shoes. Body weight at the first antenatal visit was 

regarded as the pre-pregnancy weight as the maternal weight was relatively stable 

during the first trimester of pregnancy17. Blood pressure was measured in a sitting 

position after at least 10 minutes of rest. Children's information including birthday, sex, 

body length and weight at birth and breastfeeding status were also obtained through 

questionnaires from their mothers. Body height and weight of offspring were measured 

at each of postpartum follow-up visits from 1 to 8 years of age. BMI was calculated as 

weight in kilograms divided by the square of height in meters. Weight/length ratio 

(WLR) at birth was calculated as weight in kilograms divided by body length in 

meters18.
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2.5 Definition of adverse pregnancy outcomes and infant profile

Preterm birth and postterm pregnancy were defined as delivery at <37 and ≥42 weeks 

of gestation19, 20, respectively. Macrosomia and low birth weight were respectively 

defined as birthweight ≥4000 g and <2500g16, 21. LGA and small for gestational age 

(SGA) were respectively defined as birthweight ≥90th gestational week and sex-specific 

percentiles and birthweight ≤10th gestational week and sex-specific percentiles of 

Chinese standards22. High and low WLR at birth were respectively defined as WLR at 

birth ≥90th and ≤10th gestational age and sex-specific percentiles of Chinese standards18.

2.6 Definition of childhood overweight

According to the WHO’s child growth standards, overweight for children at 3-5 and 

6-8 years of age were defined as BMI-for-age and -sex above the 2 z-score and 1 z-

score curves, respectively23, 24. In this study, childhood overweight at 3-5 years of age 

was defined as overweight at either of 3, 4 or 5 years of age and childhood overweight 

at 6-8 years of age was defined as either overweight at 6, 7 or 8 years of age.

2.7 Statistical analysis

All statistical analyses were conducted using the Statistical Analysis System (Release 

9.4, SAS Institute Inc., Cary, NC). Continuous variables were described as mean ± 

standard deviation (SD) or median (interquartile range, IQR). Categorical variables 

were expressed as number (percentage). The differences of continuous variables 

between two groups were compared by Student's t-test or Mann-Whitney U test where 

appropriate. The differences of categorical variables between two groups were 

compared by Chi-square test or Fisher’s exact test. We used binary logistic regression 

to obtain the odds ratios (ORs) and 95% confidence interval (CI) of adverse pregnancy 

outcomes for overweight in children at 3-5 years of age and 6-8 years of age. First, we 
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calculated unadjusted ORs in univariable analysis. Second, we performed multivariable 

analysis to control for confounders. The variables adjusted in the multivariable model 

included maternal pre-pregnancy BMI, SBP, education attainment, family history of 

diabetes in first-degree relatives, GDM, IC status during pregnancy, unintentional 

intervention, child’s sex, breastfeeding status and birthweight (for caesarean delivery 

only). At last, backward stepwise selection approach in the multivariable logistic 

regression (P =0.05 for exit) was used to identify adverse pregnancy outcomes that have 

independent predictive values for childhood overweight. All the tests were two-tailed 

and P values <0.05 were considered to be statistically significant.

2.8 Reporting Guidelines

We used the STROBE cohort checklist when writing our report25.

3. Results

3.1. Characteristics of study participants

A total of 1681 children turned up at least one follow-up visit after delivery, with an 

overall response rate of 80.1%. Of them, 10.7% (n=179) and 27.8% (n=468) developed 

overweight at 3-5 and 6-8 years of age, respectively. At the first antenatal care visit, the 

mean age and BMI of their mothers were 28.9 (SD: 3.0) years and 23.1 (SD: 3.5) kg/m2. 

Compared to children with normal weight, mothers of children who developed 

overweight at 3-5 years of age had higher pre-pregnancy BMI, SBP/DBP, were less 

likely to have education >12 years, and were more likely to have family history of 

diabetes in first-degree relatives and to have GDM; mothers of children who developed 

overweight at 6-8 years of age had higher pre-pregnancy BMI and higher SBP/DBP 

and were more likely to have GDM and to receive IC during pregnancy but less likely 
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to have education >12 years. Other characteristics including parity, smoking and 

drinking during pregnancy, and unintentional intervention were not significantly 

different between the two groups (Table 1).

3.2. Associations of adverse pregnancy outcomes and infant profile with offspring 

overweight at 3-5 years of age

Children who developed overweight at 3-5 years of age had a higher birthweight, higher 

rates of male sex, caesarean delivery, macrosomia, LGA and high WLR at birth than 

children with normal weight (Table 2). In univariable analysis, caesarean delivery, 

macrosomia, LGA and high WLR at birth were associated with markedly increased risk 

of offspring overweight (OR: 1.96, 95%CI: 1.36-2.84 & 2.63, 1.79-3.87 & 2.37, 1.66-

3.39 & 2.09, 1.51-2.91, respectively). After adjusting for confounding factors, the 

associations of macrosomia, LGA and high WLR at birth with offspring overweight at 

3-5 years of age were slightly attenuated but still significant (1.89, 1.25-2.85 & 1.86, 

1.27-2.72 & 1.67, 1.18-2.37, respectively). The multivariable backward stepwise 

logistic regression analysis revealed that LGA was independently associated with 

increased risk of offspring overweight at 3-5 years of age (1.86, 1.27-2.72) (Table 3).

3.3. Associations of adverse pregnancy outcomes and infant profile with offspring 

overweight at 6-8 years of age

Children who developed overweight at 6-8 years of age had a higher birthweight, higher 

rates of male sex, caesarean delivery, macrosomia, LGA and high WLR at birth, and 

lower rates of low birth weight, SGA and low WLR at birth than children with normal 

weight (Table 2). In univariable analysis, caesarean delivery, macrosomia, LGA and 

high WLR at birth were associated with markedly increased risk of offspring 

overweight (OR: 1.69, 95%CI: 1.33-2.14 & 2.59, 1.91-3.50 & 2.42, 1.84-3.19 & 2.18, 
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1.72-2.77, respectively). Conversely, low birth weight, SGA and low WLR at birth 

were associated with decreased risk of offspring overweight (0.41, 0.17-0.98 & 0.48, 

0.27-0.83 & 0.47, 0.28-0.80, respectively). In multivariable analysis, the associations 

of macrosomia, LGA and high WLR at birth with offspring overweight were slightly 

attenuated but still significant (1.92, 1.39-2.65 & 1.99, 1.49-2.67 & 1.82, 1.41-2.34, 

respectively). On the other hand, low birth weight, SGA and low WLR at birth were 

still associated with decreased risk of offspring overweight (0.41, 0.17-0.98 & 0.53, 

0.30-0.95 & 0.52, 0.30-0.90, respectively). The backward stepwise logistic regression 

in the multivariable analysis revealed that high WLR at birth was independently 

associated with increased risk of offspring overweight at 6-8 years of age (1.82, 1.41-

2.34), whereas low WLR at birth was associated with decreased risk of offspring 

overweight at 6-8 years of age (0.52, 0.30-0.90) (Table 3).

4. Discussion

In the present study, we found that (1) LGA predicted offspring overweight at 3-5 years 

of age; (2) high WLR at birth predicted offspring overweight at 6-8 years of age; (3) 

low WLR at birth was associated with decreased risk of offspring overweight at 6-8 

years of age.

Several studies have investigated the association between LGA and offspring 

overweight but have inconsistent conclusions. A retrospective study in Xiamen, China 

(n=33,157) did not observe a significant association between LGA and childhood 

overweight among women with GDM at 1 to 6 years of age10. A cohort study in Greece 

(n=1667) also did not find any significant association between LGA and childhood 

overweight from 3 to 5 years of age26. However, a large cohort study in Alberta, Canada 

(n=81,226) found that infants with LGA of women with GDM had a 179% higher risk 
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of being overweight at 4-6 years of age than infants with AGA of mothers without 

GDM. However, that study did not adjust for maternal pre-pregnancy BMI9. To our 

knowledge, our study is the first to evaluate the association between WLR at birth and 

long-term risk of childhood overweight. WLR at birth was found to correlate strongly 

with skinfold thickness and body fat store in newborn infants27, 28. Moreover, the 

INTERGROWTH-21st Project demonstrated that WLR at birth was more closely 

associated with fat mass, fat-free mass, and body fat percentage than BMI or ponderal 

index in neonates29. Therefore, the WLR at birth is a good parameter for evaluating the 

nutritional status of intrauterine growth and predicting metabolic complications in 

newborns with abnormal intrauterine growth27, 28. In this connection, we observed that 

high WLR at birth was positively associated with overweight in children at 6-8 years 

of age while low WLR at birth was negatively associated with childhood overweight at 

6-8 years of age.

The mechanisms by which LGA increases the risk of childhood overweight are 

not yet fully understood. However, it is becoming increasingly clear that GDM, 

maternal pre-pregnancy overweight and excessive pregnancy weight gain all 

predispose women to an elevated risk of LGA30. These risk factors are accompanied 

with insulin resistance and hyperglycemia during pregnancy31, 32, which can cause fetal 

hyperinsulinemia and maternal hypertriglyceridemia, and then lead to fetal 

overnutrition and high risk of LGA33, 34. Intrauterine overnutrition may affect fat 

metabolism, insulin and leptin secretion by altering the development of the appetite 

control center in the fetal hypothalamus, thus leading to an imbalance of the fetal energy 

system and increasing the risk of childhood overweight35, 36. Furthermore, a 

longitudinal study in Hungary found a positive correlation between cord serum leptin 

levels and WLR at birth37. Cord blood leptin levels were found to be closely related to 
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fetal fat store and may serve as an important regulator of fetal growth and development, 

energy intake, storage and expenditure, thus contributing to long-term childhood 

overweight37, 38.

Our findings have strong public health and clinical implications. It is well 

established that childhood overweight can persist into adulthood and has been 

implicated in many chronic diseases. Hence, there is a strong need for taking measures 

to prevent childhood overweight to reduce the burden of overweight-related diseases in 

adulthood. Based on this long-term follow-up study, our findings highlighted the 

importance of improving adverse pregnancy outcomes, including LGA and high WLR 

at birth, for benefits of childhood overweight and possibly well-being in adulthood. Our 

previous RCT demonstrated that IC for pregnant women with GDM can improve 

adverse pregnancy outcomes, including LGA16. However, our meta-analysis showed 

that intensive management of GDM did not have a detectable effect on childhood 

obesity39. Indeed, infants born with LGA and high WLR need special attention to the 

high risk of childhood overweight. Given to the high prevalence of childhood 

overweight, it is worthwhile to test the effect and cost-effectiveness of lifestyle 

intervention for prevention of childhood overweight among high-risk children, e.g., 

those born to be LGA and high WLR.

Our study had strengths and limitations. The strength of this study was conducted 

in the 3-tier antenatal care system in urban Tianjin, China and the representativeness of 

the study population is good. The second strength of the study was that we had 

documented detailed demographic and clinical information of pregnant women from 

their first antenatal care visit till postpartum period, thus available for analysis. Our 
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study also has several limitations. Firstly, some variables regarding lifestyle in the 

children were not recorded in the study, such as detailed information of breastfeeding 

duration, physical activities, sleep time and dietary habits, which may exist residual 

confounding. Secondly, most of women with GDM in our study were from an RCT and 

half of them received IC. Our previous meta-analysis failed to show that IC of GDM 

during pregnancy had a detectable effect on the risk of offspring overweight39. 

Although we had carefully adjusted for IC and its confounding effect may have not 

removed completely.

5. Conclusion

In conclusion, in the long-term follow-up study of Chinese children, we found that LGA 

and high WLR at birth were predictive of overweight in children at 3-5 and 6-8 years 

of age, respectively. Special attention should be paid to children born with LGA and/or 

high WLR for prevention of childhood obesity. It is worthwhile to test the effectiveness 

and cost-effectiveness of lifestyle intervention for children at high risk of being 

overweight. We also observed some benefits for childhood overweight associated with 

low WLR at birth. Its long-term benefits and possibly harms need further investigations 

in the future, especially for overweight in adulthood.
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Table 1. Maternal clinical characteristics stratified by offspring overweight status from 3 to 8 

years of age

Characteristics Normal Overweight P value

At 3-5 years of age(1502/179)
Age, years 28.9±3.0 28.7±2.9 0.355a

Height, cm 163.0±4.9 162.5±5.4 0.328a

Pre-pregnancy BMI, kg/m2 22.8±3.3 25.4±4.4 <0.001a

SBP, mmHg 106.0±10.7 108.4±10.5 0.005a

DBP, mmHg 68.8±7.6 70.8±7.9 0.001a

Education >12 years 1255(83.6) 139(77.7) 0.047b

Parity ≥1 62(4.1) 5(2.8) 0.388b

Family history of diabetes in 

first-degree relatives
137(9.1) 28(15.6) 0.006b

Smoking during pregnancy 14(0.9) 1(0.6) 0.935b

Drinking during pregnancy 8(0.5) 1(0.6) 1.000b

Gestational diabetes mellitus 718(47.8) 103(57.5) 0.014b

IC status during pregnancy 322(21.4) 42(23.5) 0.534b

Unintentional intervention 172(11.5) 22(12.3) 0.740b

At 6-8 years of age(1213/468)
Age, years 28.9±2.9 28.9±3.2 0.983a

Height, cm 162.9±4.8 162.8±5.3 0.615a

Pre-pregnancy BMI, kg/m2 22.5±3.2 24.5±3.9 <0.001a

SBP, mmHg 105.7±10.8 107.6±10.4 0.002a

DBP, mmHg 68.6±7.7 70.2±7.7 <0.001a

Education >12 years 1030(84.9) 364(77.8) 0.001b

Parity ≥1 45(3.7) 22(4.7) 0.352b

Family history of diabetes in 

first-degree relatives
113(9.3) 52(11.1) 0.268b

Smoking during pregnancy 8(0.7) 7(1.5) 0.179b

Drinking during pregnancy 7(0.6) 2(0.4) 1.000b

Gestational diabetes mellitus 543(44.8) 278(59.4) <0.001b

IC status during pregnancy 240(19.8) 124(26.5) 0.003b

Unintentional intervention 135(11.1) 59(12.6) 0.400b

Data are presented as means±SD or n (%).
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; IC, 
intensive care; SD, standard deviation.
aDerived from t-test.
bDerived from Chi-square Test or Fisher’s exact test.

Page 24 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
12 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-076438 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

24

Table 2. Maternal pregnancy outcomes and infant profile stratified by offspring overweight 
status from 3 to 8 years of age

Normal Overweight P value
At 3-5 years of age (1502/179)
Gestational age at delivery, 
weeks 39.0±1.5 39.0±1.5 0.946a

Birthweight, kg 3.4±0.5 3.6±0.5 <0.001a

Infant male sex 796(53.0) 115(64.3) 0.004b

Caesarean delivery 971(64.7) 140(78.2) <0.001b

Gestational week at delivery 0.630b

Preterm birth 66(4.4) 7(3.9)
Postterm pregnancy 27(1.8) 5(2.8)

Weight at birth <0.001b

Macrosomia 155(10.3) 42(23.5)
Low birth weight 45(3.0) 3(1.7)

Gestational age specific weight at 
birth <0.001b

Large for gestational age 207(13.8) 51(28.5)
Small for gestational age 103(6.9) 4(2.2)

Weight/length ratio at birth <0.001b

High weight/length ratio at birth 335(22.3) 69(38.6)
Low weight/length ratio at birth 120(8.0) 7(3.9)

Breastfeeding status 0.393b

Exclusive breastfeeding 242(16.1) 23(12.9)
Mixed breastfeeding 328(21.8) 45(25.1)
Artificial feeding 932(62.1) 111(62.0)

At 6-8 years of age (1213/468)
Gestational age at delivery, 
weeks 39.1±1.5 39.0±1.4 0.173a

Birthweight, kg 3.4±0.5 3.6±0.5 <0.001a

Infant male sex 612(50.5) 299(63.9) <0.001b

Caesarean delivery 764(63.0) 347(74.2) <0.001b

Gestational week at delivery 0.923b

Preterm birth 52(4.3) 21(4.5)
Postterm pregnancy 24(2.0) 8(1.7)

Weight at birth <0.001b

Macrosomia 104(8.6) 93(19.9)
Low birth weight 42(3.5) 6(1.3)

Gestational age specific weight at birth <0.001b

Large for gestational age 141(11.6) 117(25.0)
Small for gestational age 92(7.6) 15(3.2)

Weight/length ratio at birth <0.001b

High weight/length ratio at birth 236(19.5) 168(35.9)
Low weight/length ratio at birth 110(9.1) 17(3.6)

Breastfeeding status 0.232b

Exclusive breastfeeding 200(16.5) 65(13.9)
Mixed breastfeeding 275(22.7) 98(20.9)
Artificial feeding 738(60.8) 305(65.2)

Data are presented as means±SD or median (IQR) or n (%).
Abbreviations: SD, standard deviation; IQR, interquartile range.
aDerived from t-test.
bDerived from Chi-square Test or Fisher’s exact test.
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Table 3. Odds ratios of adverse pregnancy outcomes and infant profile for offspring overweight 
status from 3 to 8 years of age

Overweight at 3-5 years 
of age (N=179)

Overweight at 6-8 years of 
age (N=468)

OR (95 %CI) P value OR (95 %CI) P value
Model 1
Caesarean delivery 1.96(1.36-2.84) <0.001 1.69(1.33-2.14) <0.001
Gestational week at delivery

Preterm birth 0.90(0.40-1.98) 0.784 1.05(0.62-1.76) 0.865
Term birth Reference Reference
Postterm pregnancy 1.56(0.59-4.11) 0.366 0.86(0.39-1.94) 0.721

Weight at birth
Macrosomia 2.63(1.79-3.87) <0.001 2.59(1.91-3.50) <0.001
Normal weight Reference Reference
Low birth weight 0.65(0.20-2.11) 0.472 0.41(0.17-0.98) 0.045

Gestational age specific weight at birth
Large for gestational age 2.37(1.66-3.39) <0.001 2.42(1.84-3.19) <0.001
Appropriate for gestational age Reference Reference
Small for gestational age 0.37(0.14-1.03) 0.057 0.48(0.27-0.83) 0.009

Weight/length ratio at birth
High weight/length ratio at birth 2.09(1.51-2.91) <0.001 2.18(1.72-2.77) <0.001
Normal weight/length ratio at birth Reference Reference
Low weight/length ratio at birth 0.59(0.27-1.31) 0.194 0.47(0.28-0.80) 0.006

Model 2
Caesarean delivery 1.36(0.91-2.01) 0.131 1.20(0.93-1.56) 0.162
Gestational week at delivery

Preterm birth 0.90(0.40-2.03) 0.800 1.01(0.59-1.74) 0.975
Term birth
Postterm pregnancy 1.41(0.50-3.95) 0.518 0.83(0.35-1.94) 0.662

Weight at birth
Macrosomia 1.89(1.25-2.85) 0.002 1.92(1.39-2.65) <0.001
Normal weight Reference Reference
Low birth weight 0.68(0.20-2.26) 0.528 0.41(0.17-0.98) 0.046

Gestational age specific weight at birth
Large for gestational age 1.86(1.27-2.72) 0.002 1.99(1.49-2.67) <0.001
Appropriate for gestational age Reference Reference
Small for gestational age 0.45(0.16-1.26) 0.128 0.53(0.30-0.95) 0.032

Weight/length ratio at birth
High weight/length ratio at birth 1.67(1.18-2.37) 0.004 1.82(1.41-2.34) <0.001
Normal weight/length ratio at birth Reference Reference
Low weight/length ratio at birth 0.67(0.30-1.50) 0.329 0.52(0.30-0.90) 0.018

Model 3
Weight at birth

Macrosomia - - - -
Normal weight 
Low birth weight - - - -

Gestational age specific weight at birth
Large for gestational age 1.86(1.27-2.72) 0.002 - -
Appropriate for gestational age Reference
Small for gestational age 0.45(0.16-1.26) 0.128 - -

Weight/length ratio at birth
High weight/length ratio at birth - - 1.82(1.41-2.34) <0.001
Normal weight/length ratio at birth Reference 
Low weight/length ratio at birth - - 0.52(0.30-0.90) 0.018

Abbreviations: OR, odds ratio; 95 %CI, 95% confidence interval;
Model 1: Univariable analysis.
Model 2: Multivariable analysis, adjusted for pre-pregnancy body mass index, systolic blood pressure, 
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education attainment, family history of diabetes in first-degree relatives, gestational diabetes mellitus, 
intensive care status during pregnancy, unintentional intervention, child gender, breastfeeding status and 
birthweight (for caesarean delivery only).
Model 3: Adjusted for the variables listed in model 2 and backward stepwise approach was used to select 
pregnancy outcomes (P =0.05 for exit).
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors
Complete this checklist by entering the page numbers from your manuscript where readers will find each of the 
items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the 
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short 
explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting 
observational studies.

Reporting Item
Page 

Number

Title and 
abstract

Title #1a Indicate the study’s design with a commonly used term in the title or 
the abstract

1

Abstract #1b Provide in the abstract an informative and balanced summary of what 
was done and what was found

3

Introduction

Background / 
rationale

#2 Explain the scientific background and rationale for the investigation 
being reported

5

Objectives #3 State specific objectives, including any prespecified hypotheses 6

Methods

Study design #4 Present key elements of study design early in the paper 6-7

Setting #5 Describe the setting, locations, and relevant dates, including periods 6-7
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of recruitment, exposure, follow-up, and data collection

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of selection 
of participants. Describe methods of follow-up.

6-7

Eligibility criteria #6b For matched studies, give matching criteria and number of exposed 
and unexposed

7

Variables #7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable

8-9

Data sources / 
measurement

#8 For each variable of interest give sources of data and details of 
methods of assessment (measurement). Describe comparability of 
assessment methods if there is more than one group. Give information 
separately for for exposed and unexposed groups if applicable.

8

Bias #9 Describe any efforts to address potential sources of bias 9-10

Study size #10 Explain how the study size was arrived at 6-7

Quantitative 
variables

#11 Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen, and why

9-10

Statistical 
methods

#12a Describe all statistical methods, including those used to control for 
confounding

9-10

Statistical 
methods

#12b Describe any methods used to examine subgroups and interactions n/a

Statistical 
methods

#12c Explain how missing data were addressed n/a

Statistical 
methods

#12d If applicable, explain how loss to follow-up was addressed n/a

Statistical 
methods

#12e Describe any sensitivity analyses

n/a

Results

Participants #13a Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, 

10
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included in the study, completing follow-up, and analysed. Give 
information separately for for exposed and unexposed groups if 
applicable.

Participants #13b Give reasons for non-participation at each stage n/a

Participants #13c Consider use of a flow diagram

n/a

Descriptive data #14a Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders. Give 
information separately for exposed and unexposed groups if 
applicable.

10

Descriptive data #14b Indicate number of participants with missing data for each variable of 
interest

n/a

Descriptive data #14c Summarise follow-up time (eg, average and total amount)

7

Outcome data #15 Report numbers of outcome events or summary measures over time. 
Give information separately for exposed and unexposed groups if 
applicable.

10

Main results #16a Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make 
clear which confounders were adjusted for and why they were 
included

10-12

Main results #16b Report category boundaries when continuous variables were 
categorized

9

Main results #16c If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

n/a

Other analyses #17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses

n/a

Discussion
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Key results #18 Summarise key results with reference to study objectives 12

Limitations #19 Discuss limitations of the study, taking into account sources of 
potential bias or imprecision. Discuss both direction and magnitude of 
any potential bias.

14-15

Interpretation #20 Give a cautious overall interpretation considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and 
other relevant evidence.

12-13

Generalisability #21 Discuss the generalisability (external validity) of the study results 14

Other 
Information

Funding #22 Give the source of funding and the role of the funders for the present 
study and, if applicable, for the original study on which the present 
article is based

16

The STROBE checklist is distributed under the terms of the Creative Commons Attribution License CC-BY. 
This checklist was completed on 06. June 2023 using https://www.goodreports.org/, a tool made by the 
EQUATOR Network in collaboration with Penelope.ai
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34 Abstract

35 Objectives: To explore associations between adverse birth outcomes and childhood 

36 overweight at 3-8 years of age among Chinese women.

37 Design: A prospective cohort study.

38 Setting: Six central urban districts of Tianjin, China.

39 Participants: 1681 woman-child pairs.

40 Methods: 1681 woman-child pairs were followed up for 8 years in Tianjin, China. 

41 Demographic and clinical information including birth outcomes was collected 

42 longitudinally, commencing from first antenatal care visit till postpartum period. 

43 Offspring height and weight were measured at 3-8 years of age. High and low 

44 weight/length ratios (WLR) at birth were respectively defined as ≥90th and ≤10th 

45 gestational week and sex-specific percentiles. Overweight for children at 3-5 and 6-8 

46 years of age were respectively defined as body mass index (BMI)-for-age and -sex 

47 above the 2 z-score and 1 z-score curves of the World Health Organization’s child 

48 growth standards. Binary logistic regression analysis was used to obtain odds ratios 

49 (ORs) and 95% confidence interval (CI) with a stepwise backward selection method to 

50 select independent predictors.

51 Primary Outcomes Measures: Childhood overweight.

52 Results: Of 1681 children, 10.7% (n=179) and 27.8% (n=468) developed overweight 

53 at 3-5 and 6-8 years of age, respectively. Large for gestational age (LGA) was 

54 associated with increased risk of overweight at 3-5 years of age (aOR: 1.86, 95%CI: 

55 1.27-2.72) while high WLR at birth was associated with increased risk of overweight 
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56 at 6-8 years of age (1.82, 1.41-2.34). Low WLR at birth was associated with decreased 

57 risk of overweight at 6-8 years of age (0.52, 0.30-0.90).

58 Conclusions: LGA and high WLR at birth predicted childhood overweight at 3-5 and 

59 6-8 years of age, respectively. Low WLR at birth was associated with decreased risk of 

60 childhood overweight at 6-8 years of age.

61 Key Words: Large for gestational age; Weight/length ratio; Childhood; Overweight

62 Strengths and limitations of this study

63  This study was conducted in the 3-tier antenatal care system in urban Tianjin, 

64 China and the representativeness of the study population is good.

65  This study had documented detailed demographic and clinical information of 

66 pregnant women from their first antenatal care visit till postpartum period, thus 

67 available for analysis.

68  This study did not record lifestyle factors of children such as physical activities, 

69 sleep time and dietary habits, which may exist residual confounding.

70  Most of women with gestational diabetes mellitus (GDM) in our study were from 

71 a randomized controlled trial and half of them received intensive care (IC). 

72 Although we had carefully adjusted for IC and its confounding effect may have not 

73 been removed completely.
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74 1. Introduction

75 Alongside adulthood overweight, childhood overweight has emerged as a serious 

76 public health issue worldwide. In 2019, World Health Organization (WHO) estimated 

77 that 38.2 million or 5.6% of children under 5 years of age were overweight globally. 

78 Furthermore, the prevalence of overweight among children and adolescents aged 5-19 

79 years had risen dramatically from just 4% in 1975 to over 18% in 2016[1]. As we all 

80 know, overweight during childhood is likely to continue into adulthood and is 

81 associated with increased risk of many short-term and long-term adverse health 

82 outcomes, including psychosocial comorbidity, cardiovascular diseases (CVD), type 2 

83 diabetes (T2DM) as well as premature mortality[2]. Consequently, it is of utmost 

84 importance to identify early risk factors for effective intervention and prevention of 

85 childhood overweight.

86 Childhood overweight is a complex, multifactorial condition stemming from 

87 interactions between genetic and non-genetic factors, including unhealthy dietary 

88 patterns, inadequate physical activities, shortened sleep duration, increased sedentary 

89 time and excessive psychological stress[3, 4]. It has also been reported that the 

90 intrauterine and early postnatal conditions can have a significant impact on increased 

91 risk of developing overweight in later life[5, 6]. Therefore, the exploration for risk 

92 factors of childhood overweight could be extended to infant adverse birth outcomes.

93 Currently, only a few studies have explored the risk association between adverse 

94 birth outcomes and childhood overweight with inconsistent findings. For example, a 

95 cross-sectional analysis from Australia found that low birth weight was associated with 

96 decreased risk of overweight among girls at 4-5 years of age[7]. However, a 

97 retrospective study in Tianjin, China observed that low birth weight was not associated 
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98 with overweight among children aged 3-6 years[8]. On the other hand, a retrospective 

99 study in Xiamen, China failed to find a significant association between infants with 

100 LGA of women with GDM and later overweight at 1-6 years of age[9]. However, a 

101 large cohort study from Canada found that children born with LGA of mothers with 

102 GDM were 2.79 times more likely to be overweight at 4-6 years of age compared to 

103 children born with appropriate for gestational age (AGA) of mothers without 

104 diabetes[10]. Therefore, it deserves further investigation of the risk association between 

105 adverse birth outcomes and childhood overweight.

106 Using the long-term follow-up data of children born to women enrolled in a 

107 population-based prospective cohort in Tianjin, China, we aimed to explore the risk 

108 associations between adverse birth outcomes and childhood overweight at 3-8 years of 

109 age.

110 2. Subjects, Materials and Methods

111 2.1 Study settings and population

112 The study settings and population has been published previously[11]. Briefly, we 

113 established a universal screening and management system for GDM in six central urban 

114 districts of Tianjin, China in 1998[12]. The antenatal care was delivered by a 3-tier 

115 antenatal care system, consisting of 65 primary hospitals, 6 district-level Women and 

116 Children's Health Centers (WCHC) and other secondary obstetric hospitals, and a city-

117 level WCHC, i.e., Tianjin WCHC (TWCHC) and other tertiary obstetric hospitals. On 

118 the basis of the GDM screening and management system and the 3-tier antenatal care 

119 network, we set up a cohort of pregnant women and their offspring.

120 From 2010 to 2012, a total of 22,302 pregnant women were registered at the 
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121 primary care hospital near their residence. They were offered a 50-gram 1-hour glucose 

122 challenge test (GCT) at 24-28th gestational weeks. Women with plasma glucose (PG) 

123 ≥7.8 mmol/L were referred to the TWCHC GDM Clinic to undergo a 75-gram 2-hour 

124 oral glucose tolerance test (OGTT) after an overnight fasting of at least 8 hours. GDM 

125 was diagnosed according to the International Association of Diabetes and Pregnancy 

126 Study Group (IADPSG)’s cut-points: fasting PG ≥5.1 mmol/L or 1-hour PG ≥10.0 

127 mmol/L or 2-hour PG ≥8.5 mmol/L[13]. Of them, 1251 women without a GCT result 

128 and 891 women with a positive GCT but without a standard OGTT result were excluded. 

129 Among the remaining 20,160 participants, 1,535 women were diagnosed with GDM 

130 and 1,040 of them were invited to participate in the study. Among the 18,625 women 

131 without GDM, 1,100 women were randomly selected into this study as the controls. In 

132 the 1,040 women with GDM, 948 of them participated in a randomized controlled trial 

133 (RCT) to test the effectiveness of intensive care (IC) of GDM during pregnancy on 

134 adverse pregnancy outcomes. The details of the RCT and IC have been published 

135 previously[14]. After further excluding 42 women who had stillbirth, neonatal death or 

136 non-singleton pregnancy, a total of 2,098 woman-child pairs were included in the long-

137 term follow-up study. 

138 At postpartum, 2,098 children born to the included women were invited to 

139 participate in the follow-up study and measured their body height and weight each year 

140 from 1 to 8 years of age. Finally, a total of 1,681 children underwent at least one 

141 postpartum follow-up visit and completed body height and weight measurements at 1 

142 to 8 years of age.

143 2.2 Ethics

144 Ethical approval was obtained from the Ethics Committee for Clinical Research of 
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145 Tianjin Women and Children’s Health Centre (Approval code: 2009-02). Written 

146 informed consent was obtained from all participants before data collection.

147 2.3 Patient and public involvement

148 Patients and/or the public were not involved in the design, or conduct, or reporting or 

149 dissemination plans of this research.

150 2.4 Data collection and clinical measurement

151 Before the study, all researchers received uniform training to standardize the 

152 anthropometric and clinical measurements. Data were collected longitudinally from a 

153 series of questionnaires or extracted from the database of Maternal and Child Health 

154 Information System. At registration for pregnancy, we collected information on 

155 maternal height, weight, age, systolic blood pressure (SBP), diastolic blood pressure 

156 (DBP), education attainment, parity, family history of diabetes in first-degree relatives, 

157 smoking and drinking during pregnancy. Maternal height and weight were measured 

158 with light clothing and without shoes. Body weight at the first antenatal visit was 

159 regarded as the pre-pregnancy weight as the maternal weight was relatively stable 

160 during the first trimester of pregnancy[15]. Blood pressure was measured in a sitting 

161 position after at least 10 minutes of rest. Children's information including birthday, sex, 

162 body length and weight at birth and breastfeeding status were also obtained through 

163 questionnaires from their mothers. Body height and weight of offspring were measured 

164 at each of postpartum follow-up visits from 1 to 8 years of age. BMI was calculated as 

165 weight in kilograms divided by the square of height in meters. Weight/length ratio 

166 (WLR) at birth was calculated as weight in kilograms divided by body length in 

167 meters[16].
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168 2.5 Definition of adverse birth outcomes

169 Preterm birth and postterm pregnancy were defined as delivery at <37 and ≥42 weeks 

170 of gestation[17, 18], respectively. Macrosomia and low birth weight were respectively 

171 defined as birthweight ≥4000 g and <2500g[14, 19]. LGA and small for gestational age 

172 (SGA) were respectively defined as birthweight ≥90th gestational week and sex-specific 

173 percentiles and birthweight ≤10th gestational week and sex-specific percentiles of 

174 Chinese standards[20]. High and low WLR at birth were respectively defined as WLR 

175 at birth ≥90th and ≤10th gestational week and sex-specific percentiles of Chinese 

176 standards[16].

177 2.6 Definition of childhood overweight

178 According to the WHO’s child growth standards, overweight for children at 3-5 and 

179 6-8 years of age were defined as BMI-for-age and -sex above the 2 z-score and 1 z-

180 score curves, respectively[21, 22]. In this study, childhood overweight at 3-5 years of 

181 age was defined as overweight at either of 3, 4 or 5 years of age and childhood 

182 overweight at 6-8 years of age was defined as either overweight at 6, 7 or 8 years of 

183 age.

184 2.7 Statistical analysis

185 All statistical analyses were conducted using the Statistical Analysis System (Release 

186 9.4, SAS Institute Inc., Cary, NC). Continuous variables were described as mean ± 

187 standard deviation (SD) or median (interquartile range, IQR). Categorical variables 

188 were expressed as number (percentage). The differences of continuous variables 

189 between two groups were compared by Student's t-test or Mann-Whitney U test where 

190 appropriate. The differences of categorical variables between two groups were 

191 compared by Chi-square test or Fisher’s exact test. We used binary logistic regression 
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192 to obtain the odds ratios (ORs) and 95% confidence interval (CI) of adverse birth 

193 outcomes for overweight in children at 3-5 years of age and 6-8 years of age. First, we 

194 calculated unadjusted ORs in univariable analysis. Second, we performed multivariable 

195 analysis to control for confounders. The variables adjusted in the multivariable model 

196 included maternal pre-pregnancy BMI, SBP, education attainment, family history of 

197 diabetes in first-degree relatives, GDM, IC status during pregnancy, unintentional 

198 intervention, child’s sex, breastfeeding status and birthweight (for caesarean delivery 

199 only). At last, backward stepwise selection approach in the multivariable logistic 

200 regression (P =0.05 for exit) was used to identify adverse birth outcomes that have 

201 independent predictive values for childhood overweight. All the tests were two-tailed 

202 and P values <0.05 were considered to be statistically significant.

203 2.8 Reporting Guidelines

204 We used the STROBE cohort checklist when writing our report[23].

205 3. Results

206 3.1. Characteristics of study participants

207 A total of 1681 children turned up at least one follow-up visit after delivery, with an 

208 overall response rate of 80.1%. Of them, 10.7% (n=179) and 27.8% (n=468) developed 

209 overweight at 3-5 and 6-8 years of age, respectively. At the first antenatal care visit, the 

210 mean age and BMI of their mothers were 28.9 (SD: 3.0) years and 23.1 (SD: 3.5) kg/m2. 

211 Compared to children with normal weight, mothers of children who developed 

212 overweight at 3-5 years of age had higher pre-pregnancy BMI, SBP/DBP, were less 

213 likely to have education >12 years, and were more likely to have family history of 

214 diabetes in first-degree relatives and to have GDM; mothers of children who developed 
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215 overweight at 6-8 years of age had higher pre-pregnancy BMI and higher SBP/DBP 

216 and were more likely to have GDM and to receive IC during pregnancy but less likely 

217 to have education >12 years. Other characteristics including parity, smoking and 

218 drinking during pregnancy, and unintentional intervention were not significantly 

219 different between the two groups (Table 1).

220 3.2. Associations of adverse birth outcomes with offspring overweight at 3-5 years 

221 of age

222 Children who developed overweight at 3-5 years of age had a higher birthweight, higher 

223 rates of male sex, caesarean delivery, macrosomia, LGA and high WLR at birth than 

224 children with normal weight (Table 2). In univariable analysis, caesarean delivery, 

225 macrosomia, LGA and high WLR at birth were associated with markedly increased risk 

226 of offspring overweight (OR: 1.96, 95%CI: 1.36-2.84 & 2.63, 1.79-3.87 & 2.37, 1.66-

227 3.39 & 2.09, 1.51-2.91, respectively). After adjusting for confounding factors, the 

228 associations of macrosomia, LGA and high WLR at birth with offspring overweight at 

229 3-5 years of age were slightly attenuated but still significant (aOR: 1.89, 1.25-2.85 & 

230 1.86, 1.27-2.72 & 1.67, 1.18-2.37, respectively). The multivariable backward stepwise 

231 logistic regression analysis revealed that LGA was independently associated with 

232 increased risk of offspring overweight at 3-5 years of age (aOR: 1.86, 1.27-2.72) (Table 

233 3).

234 3.3. Associations of adverse birth outcomes with offspring overweight at 6-8 years 

235 of age

236 Children who developed overweight at 6-8 years of age had a higher birthweight, higher 

237 rates of male sex, caesarean delivery, macrosomia, LGA and high WLR at birth, and 

238 lower rates of low birth weight, SGA and low WLR at birth than children with normal 
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239 weight (Table 2). In univariable analysis, caesarean delivery, macrosomia, LGA and 

240 high WLR at birth were associated with markedly increased risk of offspring 

241 overweight (OR: 1.69, 95%CI: 1.33-2.14 & 2.59, 1.91-3.50 & 2.42, 1.84-3.19 & 2.18, 

242 1.72-2.77, respectively). Conversely, low birth weight, SGA and low WLR at birth 

243 were associated with decreased risk of offspring overweight (OR: 0.41, 0.17-0.98 & 

244 0.48, 0.27-0.83 & 0.47, 0.28-0.80, respectively). In multivariable analysis, the 

245 associations of macrosomia, LGA and high WLR at birth with offspring overweight 

246 were slightly attenuated but still significant (aOR: 1.92, 1.39-2.65 & 1.99, 1.49-2.67 & 

247 1.82, 1.41-2.34, respectively). On the other hand, low birth weight, SGA and low WLR 

248 at birth were still associated with decreased risk of offspring overweight (aOR: 0.41, 

249 0.17-0.98 & 0.53, 0.30-0.95 & 0.52, 0.30-0.90, respectively). The backward stepwise 

250 logistic regression in the multivariable analysis revealed that high WLR at birth was 

251 independently associated with increased risk of offspring overweight at 6-8 years of 

252 age (aOR: 1.82, 1.41-2.34), whereas low WLR at birth was associated with decreased 

253 risk of offspring overweight at 6-8 years of age (aOR: 0.52, 0.30-0.90) (Table 3).

254 4. Discussion

255 In the present study, we found that (1) LGA predicted offspring overweight at 3-5 years 

256 of age; (2) high WLR at birth predicted offspring overweight at 6-8 years of age; (3) 

257 low WLR at birth was associated with decreased risk of offspring overweight at 6-8 

258 years of age.

259 Several studies have investigated the association between LGA and offspring 

260 overweight but have inconsistent conclusions. A retrospective study in Xiamen, China 

261 (n=33,157) did not observe a significant association between LGA and childhood 

262 overweight among women with GDM at 1 to 6 years of age[9]. A cohort study in Greece 
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263 (n=1667) also did not find any significant association between LGA and childhood 

264 overweight from 3 to 5 years of age[24]. However, a large cohort study in Alberta, 

265 Canada (n=81,226) found that infants with LGA of women with GDM had a 179% 

266 higher risk of being overweight at 4-6 years of age than infants with AGA of mothers 

267 without GDM. However, that study did not adjust for maternal pre-pregnancy BMI[10]. 

268 To our knowledge, our study is the first to evaluate the association between WLR at 

269 birth and long-term risk of childhood overweight. WLR at birth was found to correlate 

270 strongly with skinfold thickness and body fat store in newborn infants[25, 26]. 

271 Moreover, the INTERGROWTH-21st Project demonstrated that WLR at birth was more 

272 closely associated with fat mass, fat-free mass, and body fat percentage than BMI or 

273 ponderal index in neonates[27]. Therefore, the WLR at birth is a good parameter for 

274 evaluating the nutritional status of intrauterine growth and predicting metabolic 

275 complications in newborns with abnormal intrauterine growth[25, 26]. In this 

276 connection, we observed that high WLR at birth was positively associated with 

277 overweight in children at 6-8 years of age while low WLR at birth was negatively 

278 associated with childhood overweight at 6-8 years of age.

279 The mechanisms by which LGA increases the risk of childhood overweight are 

280 not yet fully understood. However, it is becoming increasingly clear that GDM, 

281 maternal pre-pregnancy overweight and excessive pregnancy weight gain all 

282 predispose women to an elevated risk of LGA[28]. These risk factors are accompanied 

283 with insulin resistance and hyperglycemia during pregnancy[29, 30], which can cause 

284 fetal hyperinsulinemia and maternal hypertriglyceridemia, and then lead to fetal 

285 overnutrition and high risk of LGA[31, 32]. Intrauterine overnutrition may affect fat 

286 metabolism, insulin and leptin secretion by altering the development of the appetite 

287 control center in the fetal hypothalamus, thus leading to an imbalance of the fetal energy 
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288 system and increasing the risk of childhood overweight[33, 34]. Furthermore, a 

289 longitudinal study in Hungary found a positive correlation between cord serum leptin 

290 levels and WLR at birth[35]. Cord blood leptin levels were found to be closely related 

291 to fetal fat store and may serve as an important regulator of fetal growth and 

292 development, energy intake, storage and expenditure, thus contributing to long-term 

293 childhood overweight[35, 36].

294 Our findings have strong public health and clinical implications. It is well 

295 established that childhood overweight can persist into adulthood and has been 

296 implicated in many chronic diseases. Hence, there is a strong need for taking measures 

297 to prevent childhood overweight to reduce the burden of overweight-related diseases in 

298 adulthood. This long-term follow-up study supports that LGA and high WLR at birth 

299 need to be recognized as risk factors for childhood overweight. On the one hand, our 

300 findings highlighted the importance of improving adverse birth outcomes, including 

301 LGA and high WLR at birth, for benefits of childhood overweight and possibly well-

302 being in adulthood. Our previous RCT demonstrated that IC for pregnant women with 

303 GDM can improve adverse birth outcomes, including LGA[14]. Therefore, to reduce 

304 the incidence of adverse birth outcomes by dietary and physical activity education 

305 during pregnancy is one of the possible measures to prevent childhood overweight. On 

306 the other hand, special attention should also be given to infants born with LGA and 

307 high WLR to help reduce the prevalence of childhood overweight and related chronic 

308 disease later in life. Our findings suggest that more efforts should be shifted to early 

309 lifestyle interventions for children at high risk of overweight, especially those born to 

310 be LGA and high WLR. Indeed, given to the high prevalence of childhood overweight, 

311 it is worthwhile to test the effect and cost-effectiveness of healthy lifestyle intervention 

312 for prevention of childhood overweight among high-risk children. In addition, our study 
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313 also indicates that low WLR at birth had a protective effect on childhood overweight at 

314 6-8 years of age. However, it is still unclear its benefits and possibly harms in late 

315 childhood and adulthood. Further investigations are needed to evaluate the association 

316 of WLR with long-term overweight in the future.

317 Our study had strengths and limitations. The strength of this study was conducted 

318 in the 3-tier antenatal care system in urban Tianjin, China and the representativeness of 

319 the study population is good. The second strength of the study was that we had 

320 documented detailed demographic and clinical information of pregnant women from 

321 their first antenatal care visit till postpartum period, thus available for analysis. Our 

322 study also has several limitations. Firstly, some variables regarding lifestyle in the 

323 children were not recorded in the study, such as detailed information of breastfeeding 

324 duration, physical activities, sleep time and dietary habits, which may exist residual 

325 confounding. Secondly, most of women with GDM in our study were from an RCT and 

326 half of them received IC. In this respect, our previous meta-analysis failed to show that 

327 IC of GDM during pregnancy had a detectable effect on the risk of offspring 

328 overweight[37]. Although we had carefully adjusted for IC and its confounding effect 

329 may have not removed completely.

330 5. Conclusion

331 In summary, in the long-term follow-up study of Chinese children, we found that LGA 

332 and high WLR at birth were predictive of overweight in children at 3-5 and 6-8 years 

333 of age, respectively. Special attention should be paid to children born with LGA and/or 

334 high WLR for prevention of childhood overweight. It is worthwhile to test the 
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335 effectiveness and cost-effectiveness of lifestyle intervention for children at high risk of 

336 being overweight. We also observed some benefits for childhood overweight associated 

337 with low WLR at birth. Its long-term benefits and possibly harms need further 

338 investigations in the future, especially for overweight in adulthood.
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361 Figure 1 

362 Title: Flow diagram of participants included in the analysis 
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363 Table 1. Maternal clinical characteristics stratified by offspring overweight status from 3 to 8 

364 years of age

Characteristics Normal Overweight P value

At 3-5 years of age (1502/179)

Age (years, means±SD) 28.9±3.0 28.7±2.9 0.355a

Height (cm, means±SD) 163.0±4.9 162.5±5.4 0.328a

Pre-pregnancy BMI 

(kg/m2, means±SD)
22.8±3.3 25.4±4.4 <0.001a

SBP (mmHg, means±SD) 106.0±10.7 108.4±10.5 0.005a

DBP (mmHg, means±SD) 68.8±7.6 70.8±7.9 0.001a

Education >12 years (%) 1255(83.6) 139(77.7) 0.047b

Parity ≥1 (%) 62(4.1) 5(2.8) 0.388b

Family history of diabetes in 

first-degree relatives (%)
137(9.1) 28(15.6) 0.006b

Smoking during pregnancy (%) 14(0.9) 1(0.6) 0.935b

Drinking during pregnancy (%) 8(0.5) 1(0.6) 1.000b

Gestational diabetes mellitus (%) 718(47.8) 103(57.5) 0.014b

IC status during pregnancy (%) 322(21.4) 42(23.5) 0.534b

Unintentional intervention (%) 172(11.5) 22(12.3) 0.740b

At 6-8 years of age (1213/468)

Age (years, means±SD) 28.9±2.9 28.9±3.2 0.983a

Height (cm, means±SD) 162.9±4.8 162.8±5.3 0.615a

Pre-pregnancy BMI 

(kg/m2, means±SD)
22.5±3.2 24.5±3.9 <0.001a

SBP (mmHg, means±SD) 105.7±10.8 107.6±10.4 0.002a

DBP (mmHg, means±SD) 68.6±7.7 70.2±7.7 <0.001a

Education >12 years (%) 1030(84.9) 364(77.8) 0.001b

Parity ≥1 (%) 45(3.7) 22(4.7) 0.352b

Family history of diabetes in first-

degree relatives (%)
113(9.3) 52(11.1) 0.268b

Smoking during pregnancy (%) 8(0.7) 7(1.5) 0.179b

Drinking during pregnancy (%) 7(0.6) 2(0.4) 1.000b

Gestational diabetes mellitus (%) 543(44.8) 278(59.4) <0.001b
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IC status during pregnancy (%) 240(19.8) 124(26.5) 0.003b

Unintentional intervention (%) 135(11.1) 59(12.6) 0.400b

365 Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; IC, 
366 intensive care; SD, standard deviation.
367 aDerived from t-test.
368 bDerived from Chi-square Test or Fisher’s exact test.
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369 Table 2. Adverse birth outcomes stratified by offspring overweight status from 3 to 8 years of 
370 age

Normal Overweight P value
At 3-5 years of age (1502/179)
Gestational age at delivery (weeks, 
median (IQR)) 39.0±1.5 39.0±1.5 0.946a

Birthweight (kg, means±SD) 3.4±0.5 3.6±0.5 <0.001a

Infant male sex (%) 796(53.0) 115(64.3) 0.004b

Caesarean delivery (%) 971(64.7) 140(78.2) <0.001b

Gestational week at delivery (%) 0.630b

Preterm birth 66(4.4) 7(3.9)
Postterm pregnancy 27(1.8) 5(2.8)

Weight at birth (%) <0.001b

Macrosomia 155(10.3) 42(23.5)
Low birth weight 45(3.0) 3(1.7)

Gestational age specific weight at birth (%) <0.001b

Large for gestational age 207(13.8) 51(28.5)
Small for gestational age 103(6.9) 4(2.2)

Weight/length ratio at birth (%) <0.001b

High weight/length ratio at birth 335(22.3) 69(38.6)
Low weight/length ratio at birth 120(8.0) 7(3.9)

Breastfeeding status (%) 0.393b

Exclusive breastfeeding 242(16.1) 23(12.9)
Mixed breastfeeding 328(21.8) 45(25.1)
Artificial feeding 932(62.1) 111(62.0)

At 6-8 years of age (1213/468)
Gestational age at delivery (weeks, 
median (IQR)) 39.1±1.5 39.0±1.4 0.173a

Birthweight (kg, means±SD) 3.4±0.5 3.6±0.5 <0.001a

Infant male sex (%) 612(50.5) 299(63.9) <0.001b

Caesarean delivery (%) 764(63.0) 347(74.2) <0.001b

Gestational week at delivery (%) 0.923b

Preterm birth 52(4.3) 21(4.5)
Postterm pregnancy 24(2.0) 8(1.7)

Weight at birth (%) <0.001b

Macrosomia 104(8.6) 93(19.9)
Low birth weight 42(3.5) 6(1.3)

Gestational age specific weight at birth (%) <0.001b

Large for gestational age 141(11.6) 117(25.0)
Small for gestational age 92(7.6) 15(3.2)

Weight/length ratio at birth (%) <0.001b

High weight/length ratio at birth 236(19.5) 168(35.9)
Low weight/length ratio at birth 110(9.1) 17(3.6)

Breastfeeding status (%) 0.232b

Exclusive breastfeeding 200(16.5) 65(13.9)
Mixed breastfeeding 275(22.7) 98(20.9)
Artificial feeding 738(60.8) 305(65.2)

371 Abbreviations: SD, standard deviation; IQR, interquartile range.
372 aDerived from t-test.
373 bDerived from Chi-square Test or Fisher’s exact test.
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374 Table 3. Odds ratios of adverse birth outcomes for offspring overweight status from 3 to 8 
375 years of age

Overweight at 3-5 years 
of age (N=179)

Overweight at 6-8 years of 
age (N=468)

OR (95 %CI) P value OR (95 %CI) P value
Model 1
Caesarean delivery 1.96(1.36-2.84) <0.001 1.69(1.33-2.14) <0.001
Gestational week at delivery

Preterm birth 0.90(0.40-1.98) 0.784 1.05(0.62-1.76) 0.865
Term birth Reference Reference
Postterm pregnancy 1.56(0.59-4.11) 0.366 0.86(0.39-1.94) 0.721

Weight at birth
Macrosomia 2.63(1.79-3.87) <0.001 2.59(1.91-3.50) <0.001
Normal weight Reference Reference
Low birth weight 0.65(0.20-2.11) 0.472 0.41(0.17-0.98) 0.045

Gestational age specific weight at birth
Large for gestational age 2.37(1.66-3.39) <0.001 2.42(1.84-3.19) <0.001
Appropriate for gestational age Reference Reference
Small for gestational age 0.37(0.14-1.03) 0.057 0.48(0.27-0.83) 0.009

Weight/length ratio at birth
High weight/length ratio at birth 2.09(1.51-2.91) <0.001 2.18(1.72-2.77) <0.001
Normal weight/length ratio at birth Reference Reference
Low weight/length ratio at birth 0.59(0.27-1.31) 0.194 0.47(0.28-0.80) 0.006

Model 2
Caesarean delivery 1.36(0.91-2.01) 0.131 1.20(0.93-1.56) 0.162
Gestational week at delivery

Preterm birth 0.90(0.40-2.03) 0.800 1.01(0.59-1.74) 0.975
Term birth
Postterm pregnancy 1.41(0.50-3.95) 0.518 0.83(0.35-1.94) 0.662

Weight at birth
Macrosomia 1.89(1.25-2.85) 0.002 1.92(1.39-2.65) <0.001
Normal weight Reference Reference
Low birth weight 0.68(0.20-2.26) 0.528 0.41(0.17-0.98) 0.046

Gestational age specific weight at birth
Large for gestational age 1.86(1.27-2.72) 0.002 1.99(1.49-2.67) <0.001
Appropriate for gestational age Reference Reference
Small for gestational age 0.45(0.16-1.26) 0.128 0.53(0.30-0.95) 0.032

Weight/length ratio at birth
High weight/length ratio at birth 1.67(1.18-2.37) 0.004 1.82(1.41-2.34) <0.001
Normal weight/length ratio at birth Reference Reference
Low weight/length ratio at birth 0.67(0.30-1.50) 0.329 0.52(0.30-0.90) 0.018

Model 3
Weight at birth

Macrosomia - - - -
Normal weight 
Low birth weight - - - -

Gestational age specific weight at birth
Large for gestational age 1.86(1.27-2.72) 0.002 - -
Appropriate for gestational age Reference
Small for gestational age 0.45(0.16-1.26) 0.128 - -

Weight/length ratio at birth
High weight/length ratio at birth - - 1.82(1.41-2.34) <0.001
Normal weight/length ratio at birth Reference 
Low weight/length ratio at birth - - 0.52(0.30-0.90) 0.018

376 Abbreviations: OR, odds ratio; 95 %CI, 95% confidence interval;
377 Model 1: Univariable analysis.
378 Model 2: Multivariable analysis, adjusted for pre-pregnancy body mass index, systolic blood pressure, 
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379 education attainment, family history of diabetes in first-degree relatives, gestational diabetes mellitus, 
380 intensive care status during pregnancy, unintentional intervention, child gender, breastfeeding status and 
381 birthweight (for caesarean delivery only).
382 Model 3: Adjusted for the variables listed in model 2 and backward stepwise approach was used to select 
383 pregnancy outcomes (P =0.05 for exit).
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Pregnant women registered

from 2010 to 2012 (n=22302)

Women with GCT <7.8 mmol/L 

or OGTT results (n=20160)

Excluded women without GCT results or

OGTT results if GCT ≥7.8 mmol/L (n=2142)

Women with GDM  by 

IADPSG’s criteria (n=1535)

Women with GDM invited

in the cohort (n=1040)

Randomly selected women without GDM

by IADPSG’s criteria as controls (n=1100)

Excluded women with stillbirth, neonatal 

death or non-singleton pregnancy (n=42)

Excluded woman-child pairs without 

postpartum follow-up (n=417)

Woman-child pairs included in the 

long-term follow-up study (n=1681)
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors
Complete this checklist by entering the page numbers from your manuscript where readers will find each of the 
items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the 
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short 
explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting 
observational studies.

Reporting Item
Page 

Number

Title and 
abstract

Title #1a Indicate the study’s design with a commonly used term in the title or 
the abstract

1

Abstract #1b Provide in the abstract an informative and balanced summary of what 
was done and what was found

3

Introduction

Background / 
rationale

#2 Explain the scientific background and rationale for the investigation 
being reported

5

Objectives #3 State specific objectives, including any prespecified hypotheses 6

Methods

Study design #4 Present key elements of study design early in the paper 6-7

Setting #5 Describe the setting, locations, and relevant dates, including periods 6-7
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of recruitment, exposure, follow-up, and data collection

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of selection 
of participants. Describe methods of follow-up.

6-7

Eligibility criteria #6b For matched studies, give matching criteria and number of exposed 
and unexposed

7

Variables #7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable

8-9

Data sources / 
measurement

#8 For each variable of interest give sources of data and details of 
methods of assessment (measurement). Describe comparability of 
assessment methods if there is more than one group. Give information 
separately for for exposed and unexposed groups if applicable.

8

Bias #9 Describe any efforts to address potential sources of bias 9-10

Study size #10 Explain how the study size was arrived at 6-7

Quantitative 
variables

#11 Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen, and why

9-10

Statistical 
methods

#12a Describe all statistical methods, including those used to control for 
confounding

9-10

Statistical 
methods

#12b Describe any methods used to examine subgroups and interactions n/a

Statistical 
methods

#12c Explain how missing data were addressed n/a

Statistical 
methods

#12d If applicable, explain how loss to follow-up was addressed n/a

Statistical 
methods

#12e Describe any sensitivity analyses

n/a

Results

Participants #13a Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, 

10
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included in the study, completing follow-up, and analysed. Give 
information separately for for exposed and unexposed groups if 
applicable.

Participants #13b Give reasons for non-participation at each stage n/a

Participants #13c Consider use of a flow diagram

n/a

Descriptive data #14a Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders. Give 
information separately for exposed and unexposed groups if 
applicable.

10

Descriptive data #14b Indicate number of participants with missing data for each variable of 
interest

n/a

Descriptive data #14c Summarise follow-up time (eg, average and total amount)

7

Outcome data #15 Report numbers of outcome events or summary measures over time. 
Give information separately for exposed and unexposed groups if 
applicable.

10

Main results #16a Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make 
clear which confounders were adjusted for and why they were 
included

10-12

Main results #16b Report category boundaries when continuous variables were 
categorized

9

Main results #16c If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

n/a

Other analyses #17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses

n/a

Discussion
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Key results #18 Summarise key results with reference to study objectives 12

Limitations #19 Discuss limitations of the study, taking into account sources of 
potential bias or imprecision. Discuss both direction and magnitude of 
any potential bias.

14-15

Interpretation #20 Give a cautious overall interpretation considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and 
other relevant evidence.

12-13

Generalisability #21 Discuss the generalisability (external validity) of the study results 14

Other 
Information

Funding #22 Give the source of funding and the role of the funders for the present 
study and, if applicable, for the original study on which the present 
article is based

16

The STROBE checklist is distributed under the terms of the Creative Commons Attribution License CC-BY. 
This checklist was completed on 06. June 2023 using https://www.goodreports.org/, a tool made by the 
EQUATOR Network in collaboration with Penelope.ai
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3

34 Abstract

35 Objectives: To explore associations between adverse birth outcomes and childhood 

36 overweight at 3-8 years of age.

37 Design: A prospective cohort study.

38 Setting: Six central urban districts of Tianjin, China.

39 Participants: 1681 woman-child pairs.

40 Methods: 1681 woman-child pairs were followed up for 8 years in Tianjin, China. 

41 Demographic and clinical information including birth outcomes was collected 

42 longitudinally, commencing from first antenatal care visit till postpartum period. 

43 Offspring height and weight were measured at 3-8 years of age. High and low 

44 weight/length ratios (WLR) at birth were respectively defined as ≥90th and ≤10th 

45 gestational week and sex-specific percentiles. Overweight for children at 3-5 and 6-8 

46 years of age were respectively defined as body mass index (BMI)-for-age and -sex 

47 above the 2 z-score and 1 z-score curves of the World Health Organization’s child 

48 growth standards. Binary logistic regression analysis was used to obtain odds ratios 

49 (ORs) and 95% confidence interval (CI) with a stepwise backward selection method 

50 to select independent predictors.

51 Primary Outcomes Measures: Childhood overweight.

52 Results: Of 1681 children, 10.7% (n=179) and 27.8% (n=468) developed overweight 

53 at 3-5 and 6-8 years of age, respectively. Large for gestational age (LGA) was 

54 associated with increased risk of overweight at 3-5 years of age (aOR: 1.86, 95%CI: 

55 1.27-2.72) while high WLR at birth was associated with increased risk of overweight 
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4

56 at 6-8 years of age (1.82, 1.41-2.34). Low WLR at birth was associated with 

57 decreased risk of overweight at 6-8 years of age (0.52, 0.30-0.90).

58 Conclusions: LGA and high WLR at birth predicted childhood overweight at 3-5 and 

59 6-8 years of age, respectively. Low WLR at birth was associated with decreased risk 

60 of childhood overweight at 6-8 years of age.

61 Key Words: Large for gestational age; Weight/length ratio; Childhood; Overweight

62 Strengths and limitations of this study

63  This study was conducted in the 3-tier antenatal care system in urban Tianjin, 

64 China and the representativeness of the study population is good.

65  This study had documented detailed demographic and clinical information of 

66 pregnant women from their first antenatal care visit till postpartum period, thus 

67 available for analysis.

68  This study did not record lifestyle factors of children such as physical activities, 

69 sleep time and dietary habits, which may exist residual confounding.

70  Most of women with gestational diabetes mellitus (GDM) in our study were from 

71 a randomized controlled trial and half of them received intensive care (IC). 

72 Although we had carefully adjusted for IC and its confounding effect may have 

73 not been removed completely.
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74 1. Introduction

75 Alongside adulthood overweight, childhood overweight has emerged as a serious 

76 public health issue worldwide. In 2019, World Health Organization (WHO) estimated 

77 that 38.2 million or 5.6% of children under 5 years of age were overweight globally. 

78 Furthermore, the prevalence of overweight among children and adolescents aged 5-19 

79 years had risen dramatically from just 4% in 1975 to over 18% in 2016[1]. As we all 

80 know, overweight during childhood is likely to continue into adulthood and is 

81 associated with increased risk of many short-term and long-term adverse health 

82 outcomes, including psychosocial comorbidity, cardiovascular diseases (CVD), type 2 

83 diabetes (T2DM) as well as premature mortality[2]. Consequently, it is of utmost 

84 importance to identify early risk factors for effective intervention and prevention of 

85 childhood overweight.

86 Childhood overweight is a complex, multifactorial condition stemming from 

87 interactions between genetic and non-genetic factors, including unhealthy dietary 

88 patterns, inadequate physical activities, shortened sleep duration, increased sedentary 

89 time and excessive psychological stress[3, 4]. It has also been reported that the 

90 intrauterine and early postnatal conditions can have a significant impact on increased 

91 risk of developing overweight in later life[5, 6]. Therefore, the exploration for risk 

92 factors of childhood overweight could be extended to infant adverse birth outcomes.

93 Currently, only a few studies have explored the risk association between adverse 

94 birth outcomes and childhood overweight with inconsistent findings. For example, a 

95 cross-sectional analysis from Australia found that low birth weight was associated 

96 with decreased risk of overweight among girls at 4-5 years of age[7]. However, a 

97 retrospective study in Tianjin, China observed that low birth weight was not 
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98 associated with overweight among children aged 3-6 years[8]. On the other hand, a 

99 retrospective study in Xiamen, China failed to find a significant association between 

100 infants with LGA of women with GDM and later overweight at 1-6 years of age[9]. 

101 However, a large cohort study from Canada found that children born with LGA of 

102 mothers with GDM were 2.79 times more likely to be overweight at 4-6 years of age 

103 compared to children born with appropriate for gestational age (AGA) of mothers 

104 without diabetes[10]. Therefore, it deserves further investigation of the risk 

105 association between adverse birth outcomes and childhood overweight.

106 Using the long-term follow-up data of children born to women enrolled in a 

107 population-based prospective cohort in Tianjin, China, we aimed to explore the risk 

108 associations between adverse birth outcomes and childhood overweight at 3-8 years 

109 of age.

110 2. Subjects, Materials and Methods

111 2.1 Study settings and population

112 The study settings and population has been published previously[11]. Briefly, we 

113 established a universal screening and management system for GDM in six central 

114 urban districts of Tianjin, China in 1998[12]. The antenatal care was delivered by a 

115 3-tier antenatal care system, consisting of 65 primary hospitals, 6 district-level 

116 Women and Children's Health Centers (WCHC) and other secondary obstetric 

117 hospitals, and a city-level WCHC, i.e., Tianjin WCHC (TWCHC) and other tertiary 

118 obstetric hospitals. On the basis of the GDM screening and management system and 

119 the 3-tier antenatal care network, we set up a cohort of pregnant women and their 

120 offspring.
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121 From 2010 to 2012, a total of 22,302 pregnant women were registered at the 

122 primary care hospital near their residence. They were offered a 50-gram 1-hour 

123 glucose challenge test (GCT) at 24-28th gestational weeks. Women with plasma 

124 glucose (PG) ≥7.8 mmol/L were referred to the TWCHC GDM Clinic to undergo a 

125 75-gram 2-hour oral glucose tolerance test (OGTT) after an overnight fasting of at 

126 least 8 hours. GDM was diagnosed according to the International Association of 

127 Diabetes and Pregnancy Study Group (IADPSG)’s cut-points: fasting PG ≥5.1 

128 mmol/L or 1-hour PG ≥10.0 mmol/L or 2-hour PG ≥8.5 mmol/L[13]. Of them, 1251 

129 women without a GCT result and 891 women with a positive GCT but without a 

130 standard OGTT result were excluded. Among the remaining 20,160 participants, 

131 1,535 women were diagnosed with GDM and 1,040 of them were invited to 

132 participate in the study. Among the 18,625 women without GDM, 1,100 women were 

133 randomly selected into this study as the controls. In the 1,040 women with GDM, 948 

134 of them participated in a randomized controlled trial (RCT) to test the effectiveness of 

135 intensive care (IC) of GDM during pregnancy on adverse pregnancy outcomes. The 

136 details of the RCT and IC have been published previously[14]. After further 

137 excluding 42 women who had stillbirth, neonatal death or non-singleton pregnancy, a 

138 total of 2,098 woman-child pairs were included in the long-term follow-up study. 

139 At postpartum, 2,098 children born to the included women were invited to 

140 participate in the follow-up study and measured their body height and weight each 

141 year from 1 to 8 years of age. Finally, a total of 1,681 children underwent at least one 

142 postpartum follow-up visit and completed body height and weight measurements at 1 

143 to 8 years of age (Figure 1).
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144 2.2 Ethics

145 Ethical approval was obtained from the Ethics Committee for Clinical Research of 

146 Tianjin Women and Children’s Health Centre (Approval code: 2009-02). Written 

147 informed consent was obtained from all participants before data collection.

148 2.3 Patient and public involvement

149 Patients and/or the public were not involved in the design, or conduct, or reporting or 

150 dissemination plans of this research.

151 2.4 Data collection and clinical measurement

152 Before the study, all researchers received uniform training to standardize the 

153 anthropometric and clinical measurements. Data were collected longitudinally from a 

154 series of questionnaires or extracted from the database of Maternal and Child Health 

155 Information System. At registration for pregnancy, we collected information on 

156 maternal height, weight, age, systolic blood pressure (SBP), diastolic blood pressure 

157 (DBP), education attainment, parity, family history of diabetes in first-degree 

158 relatives, smoking and drinking during pregnancy. Maternal height and weight were 

159 measured with light clothing and without shoes. Body weight at the first antenatal 

160 visit was regarded as the pre-pregnancy weight as the maternal weight was relatively 

161 stable during the first trimester of pregnancy[15]. Blood pressure was measured in a 

162 sitting position after at least 10 minutes of rest. Children's information including 

163 birthday, sex, body length and weight at birth and breastfeeding status were also 

164 obtained through questionnaires from their mothers. Body height and weight of 

165 offspring were measured at each of postpartum follow-up visits from 1 to 8 years of 

166 age. BMI was calculated as weight in kilograms divided by the square of height in 
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167 meters. Weight/length ratio (WLR) at birth was calculated as weight in kilograms 

168 divided by body length in meters[16].

169 2.5 Definition of adverse birth outcomes

170 Preterm birth and postterm pregnancy were defined as delivery at <37 and ≥42 weeks 

171 of gestation[17, 18], respectively. Macrosomia and low birth weight were respectively 

172 defined as birthweight ≥4000 g and <2500g[14, 19]. LGA and small for gestational 

173 age (SGA) were respectively defined as birthweight ≥90th gestational week and 

174 sex-specific percentiles and birthweight ≤10th gestational week and sex-specific 

175 percentiles of Chinese standards[20]. High and low WLR at birth were respectively 

176 defined as WLR at birth ≥90th and ≤10th gestational week and sex-specific percentiles 

177 of Chinese standards[16].

178 2.6 Definition of childhood overweight

179 According to the WHO’s child growth standards, overweight for children at 3-5 and 

180 6-8 years of age were defined as BMI-for-age and -sex above the 2 z-score and 1 

181 z-score curves, respectively[21, 22]. In this study, childhood overweight at 3-5 years 

182 of age was defined as overweight at either of 3, 4 or 5 years of age and childhood 

183 overweight at 6-8 years of age was defined as either overweight at 6, 7 or 8 years of 

184 age.

185 2.7 Statistical analysis

186 All statistical analyses were conducted using the Statistical Analysis System (Release 

187 9.4, SAS Institute Inc., Cary, NC). Continuous variables were described as mean ± 

188 standard deviation (SD) or median (interquartile range, IQR). Categorical variables 

189 were expressed as number (percentage). The differences of continuous variables 
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190 between two groups were compared by Student's t-test or Mann-Whitney U test where 

191 appropriate. The differences of categorical variables between two groups were 

192 compared by Chi-square test or Fisher’s exact test. We used binary logistic regression 

193 to obtain the odds ratios (ORs) and 95% confidence interval (CI) of adverse birth 

194 outcomes for overweight in children at 3-5 years of age and 6-8 years of age. First, we 

195 calculated unadjusted ORs in univariable analysis. Second, we performed 

196 multivariable analysis to control for confounders. The variables adjusted in the 

197 multivariable model included maternal pre-pregnancy BMI, SBP, education 

198 attainment, family history of diabetes in first-degree relatives, GDM, IC status during 

199 pregnancy, unintentional intervention, child’s sex, breastfeeding status and 

200 birthweight (for caesarean delivery only). At last, backward stepwise selection 

201 approach in the multivariable logistic regression (P =0.05 for exit) was used to 

202 identify adverse birth outcomes that have independent predictive values for childhood 

203 overweight. All the tests were two-tailed and P values <0.05 were considered to be 

204 statistically significant.

205 2.8 Reporting Guidelines

206 We used the STROBE cohort checklist when writing our report[23].

207 3. Results

208 3.1. Characteristics of study participants

209 A total of 1681 children turned up at least one follow-up visit after delivery, with an 

210 overall response rate of 80.1%. Of them, 10.7% (n=179) and 27.8% (n=468) 

211 developed overweight at 3-5 and 6-8 years of age, respectively. At the first antenatal 

212 care visit, the mean age and BMI of their mothers were 28.9 (SD: 3.0) years and 23.1 
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213 (SD: 3.5) kg/m2. Compared to children with normal weight, mothers of children who 

214 developed overweight at 3-5 years of age had higher pre-pregnancy BMI, SBP/DBP, 

215 were less likely to have education >12 years, and were more likely to have family 

216 history of diabetes in first-degree relatives and to have GDM; mothers of children 

217 who developed overweight at 6-8 years of age had higher pre-pregnancy BMI and 

218 higher SBP/DBP and were more likely to have GDM and to receive IC during 

219 pregnancy but less likely to have education >12 years. Other characteristics including 

220 parity, smoking and drinking during pregnancy, and unintentional intervention were 

221 not significantly different between the two groups (Table 1).

222 3.2. Associations of adverse birth outcomes with offspring overweight at 3-5 

223 years of age

224 Children who developed overweight at 3-5 years of age had a higher birthweight, 

225 higher rates of male sex, caesarean delivery, macrosomia, LGA and high WLR at 

226 birth than children with normal weight (Table 2). In univariable analysis, caesarean 

227 delivery, macrosomia, LGA and high WLR at birth were associated with markedly 

228 increased risk of offspring overweight (OR: 1.96, 95%CI: 1.36-2.84 & 2.63, 1.79-3.87 

229 & 2.37, 1.66-3.39 & 2.09, 1.51-2.91, respectively). After adjusting for confounding 

230 factors, the associations of macrosomia, LGA and high WLR at birth with offspring 

231 overweight at 3-5 years of age were slightly attenuated but still significant (aOR: 

232 1.89, 1.25-2.85 & 1.86, 1.27-2.72 & 1.67, 1.18-2.37, respectively). The multivariable 

233 backward stepwise logistic regression analysis revealed that LGA was independently 

234 associated with increased risk of offspring overweight at 3-5 years of age (aOR: 1.86, 

235 1.27-2.72) (Table 3).
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236 3.3. Associations of adverse birth outcomes with offspring overweight at 6-8 

237 years of age

238 Children who developed overweight at 6-8 years of age had a higher birthweight, 

239 higher rates of male sex, caesarean delivery, macrosomia, LGA and high WLR at 

240 birth, and lower rates of low birth weight, SGA and low WLR at birth than children 

241 with normal weight (Table 2). In univariable analysis, caesarean delivery, 

242 macrosomia, LGA and high WLR at birth were associated with markedly increased 

243 risk of offspring overweight (OR: 1.69, 95%CI: 1.33-2.14 & 2.59, 1.91-3.50 & 2.42, 

244 1.84-3.19 & 2.18, 1.72-2.77, respectively). Conversely, low birth weight, SGA and 

245 low WLR at birth were associated with decreased risk of offspring overweight (OR: 

246 0.41, 0.17-0.98 & 0.48, 0.27-0.83 & 0.47, 0.28-0.80, respectively). In multivariable 

247 analysis, the associations of macrosomia, LGA and high WLR at birth with offspring 

248 overweight were slightly attenuated but still significant (aOR: 1.92, 1.39-2.65 & 1.99, 

249 1.49-2.67 & 1.82, 1.41-2.34, respectively). On the other hand, low birth weight, SGA 

250 and low WLR at birth were still associated with decreased risk of offspring 

251 overweight (aOR: 0.41, 0.17-0.98 & 0.53, 0.30-0.95 & 0.52, 0.30-0.90, respectively). 

252 The backward stepwise logistic regression in the multivariable analysis revealed that 

253 high WLR at birth was independently associated with increased risk of offspring 

254 overweight at 6-8 years of age (aOR: 1.82, 1.41-2.34), whereas low WLR at birth was 

255 associated with decreased risk of offspring overweight at 6-8 years of age (aOR: 0.52, 

256 0.30-0.90) (Table 3).

257 4. Discussion

258 In the present study, we found that (1) LGA predicted offspring overweight at 3-5 

259 years of age; (2) high WLR at birth predicted offspring overweight at 6-8 years of 
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260 age; (3) low WLR at birth was associated with decreased risk of offspring overweight 

261 at 6-8 years of age.

262 Several studies have investigated the association between LGA and offspring 

263 overweight but have inconsistent conclusions. A retrospective study in Xiamen, China 

264 (n=33,157) did not observe a significant association between LGA and childhood 

265 overweight among women with GDM at 1 to 6 years of age[9]. A cohort study in 

266 Greece (n=1667) also did not find any significant association between LGA and 

267 childhood overweight from 3 to 5 years of age[24]. However, a large cohort study in 

268 Alberta, Canada (n=81,226) found that infants with LGA of women with GDM had a 

269 179% higher risk of being overweight at 4-6 years of age than infants with AGA of 

270 mothers without GDM. However, that study did not adjust for maternal pre-pregnancy 

271 BMI[10]. To our knowledge, our study is the first to evaluate the association between 

272 WLR at birth and long-term risk of childhood overweight. WLR at birth was found to 

273 correlate strongly with skinfold thickness and body fat store in newborn infants[25, 

274 26]. Moreover, the INTERGROWTH-21st Project demonstrated that WLR at birth 

275 was more closely associated with fat mass, fat-free mass, and body fat percentage 

276 than BMI or ponderal index in neonates[27]. Therefore, the WLR at birth is a good 

277 parameter for evaluating the nutritional status of intrauterine growth and predicting 

278 metabolic complications in newborns with abnormal intrauterine growth[25, 26]. In 

279 this connection, we observed that high WLR at birth was positively associated with 

280 overweight in children at 6-8 years of age while low WLR at birth was negatively 

281 associated with childhood overweight at 6-8 years of age.

282 The mechanisms by which LGA increases the risk of childhood overweight are 

283 not yet fully understood. However, it is becoming increasingly clear that GDM, 
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284 maternal pre-pregnancy overweight and excessive pregnancy weight gain all 

285 predispose women to an elevated risk of LGA[28]. These risk factors are 

286 accompanied with insulin resistance and hyperglycemia during pregnancy[29, 30], 

287 which can cause fetal hyperinsulinemia and maternal hypertriglyceridemia, and then 

288 lead to fetal overnutrition and high risk of LGA[31, 32]. Intrauterine overnutrition 

289 may affect fat metabolism, insulin and leptin secretion by altering the development of 

290 the appetite control center in the fetal hypothalamus, thus leading to an imbalance of 

291 the fetal energy system and increasing the risk of childhood overweight[33, 34]. 

292 Furthermore, a longitudinal study in Hungary found a positive correlation between 

293 cord serum leptin levels and WLR at birth[35]. Cord blood leptin levels were found to 

294 be closely related to fetal fat store and may serve as an important regulator of fetal 

295 growth and development, energy intake, storage and expenditure, thus contributing to 

296 long-term childhood overweight[35, 36].

297 Our findings have strong public health and clinical implications. It is well 

298 established that childhood overweight can persist into adulthood and has been 

299 implicated in many chronic diseases. Hence, there is a strong need for taking 

300 measures to prevent childhood overweight to reduce the burden of overweight-related 

301 diseases in adulthood. This long-term follow-up study supports that LGA and high 

302 WLR at birth need to be recognized as risk factors for childhood overweight. On the 

303 one hand, our findings highlighted the importance of improving adverse birth 

304 outcomes, including LGA and high WLR at birth, for benefits of childhood 

305 overweight and possibly well-being in adulthood. Our previous RCT demonstrated 

306 that IC for pregnant women with GDM can improve adverse birth outcomes, 

307 including LGA[14]. Therefore, to reduce the incidence of adverse birth outcomes by 

308 dietary and physical activity education during pregnancy is one of the possible 
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309 measures to prevent childhood overweight. On the other hand, special attention 

310 should also be given to infants born with LGA and high WLR to help reduce the 

311 prevalence of childhood overweight and related chronic disease later in life. Our 

312 findings suggest that more efforts should be shifted to early lifestyle interventions for 

313 children at high risk of overweight, especially those born to be LGA and high WLR. 

314 Indeed, given to the high prevalence of childhood overweight, it is worthwhile to test 

315 the effect and cost-effectiveness of healthy lifestyle intervention for prevention of 

316 childhood overweight among high-risk children. In addition, our study also indicates 

317 that low WLR at birth had a protective effect on childhood overweight at 6-8 years of 

318 age. However, it is still unclear its benefits and possibly harms in late childhood and 

319 adulthood. Further investigations are needed to evaluate the association of WLR with 

320 long-term overweight in the future.

321 Our study had strengths and limitations. The strength of this study was 

322 conducted in the 3-tier antenatal care system in urban Tianjin, China and the 

323 representativeness of the study population is good. The second strength of the study 

324 was that we had documented detailed demographic and clinical information of 

325 pregnant women from their first antenatal care visit till postpartum period, thus 

326 available for analysis. Our study also has several limitations. Firstly, some variables 

327 regarding lifestyle in the children were not recorded in the study, such as detailed 

328 information of breastfeeding duration, physical activities, sleep time and dietary 

329 habits, which may exist residual confounding. Secondly, most of women with GDM 

330 in our study were from an RCT and half of them received IC. In this respect, our 

331 previous meta-analysis failed to show that IC of GDM during pregnancy had a 
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332 detectable effect on the risk of offspring overweight[37]. Although we had carefully 

333 adjusted for IC and its confounding effect may have not removed completely.

334 5. Conclusion

335 In summary, in the long-term follow-up study of Chinese children, we found that 

336 LGA and high WLR at birth were predictive of overweight in children at 3-5 and 6-8 

337 years of age, respectively. Special attention should be paid to children born with LGA 

338 and/or high WLR for prevention of childhood overweight. It is worthwhile to test the 

339 effectiveness and cost-effectiveness of lifestyle intervention for children at high risk 

340 of being overweight. We also observed some benefits for childhood overweight 

341 associated with low WLR at birth. Its long-term benefits and possibly harms need 

342 further investigations in the future, especially for overweight in adulthood.
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366 Figure 1 

367 Title: Flow diagram of participants included in the analysis 
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368 Table 1. Maternal clinical characteristics stratified by offspring overweight status from 3 to 8 

369 years of age

Characteristics Normal Overweight P value

At 3-5 years of age (1502/179)

Age (years, means±SD) 28.9±3.0 28.7±2.9 0.355a

Height (cm, means±SD) 163.0±4.9 162.5±5.4 0.328a

Pre-pregnancy BMI 

(kg/m2, means±SD)
22.8±3.3 25.4±4.4 <0.001a

SBP (mmHg, means±SD) 106.0±10.7 108.4±10.5 0.005a

DBP (mmHg, means±SD) 68.8±7.6 70.8±7.9 0.001a

Education >12 years (%) 1255(83.6) 139(77.7) 0.047b

Parity ≥1 (%) 62(4.1) 5(2.8) 0.388b

Family history of diabetes in 

first-degree relatives (%)
137(9.1) 28(15.6) 0.006b

Smoking during pregnancy (%) 14(0.9) 1(0.6) 0.935b

Drinking during pregnancy (%) 8(0.5) 1(0.6) 1.000b

Gestational diabetes mellitus (%) 718(47.8) 103(57.5) 0.014b

IC status during pregnancy (%) 322(21.4) 42(23.5) 0.534b

Unintentional intervention (%) 172(11.5) 22(12.3) 0.740b

At 6-8 years of age (1213/468)

Age (years, means±SD) 28.9±2.9 28.9±3.2 0.983a

Height (cm, means±SD) 162.9±4.8 162.8±5.3 0.615a

Pre-pregnancy BMI 

(kg/m2, means±SD)
22.5±3.2 24.5±3.9 <0.001a

SBP (mmHg, means±SD) 105.7±10.8 107.6±10.4 0.002a

DBP (mmHg, means±SD) 68.6±7.7 70.2±7.7 <0.001a

Education >12 years (%) 1030(84.9) 364(77.8) 0.001b

Parity ≥1 (%) 45(3.7) 22(4.7) 0.352b

Family history of diabetes in 

first-degree relatives (%)
113(9.3) 52(11.1) 0.268b

Smoking during pregnancy (%) 8(0.7) 7(1.5) 0.179b

Drinking during pregnancy (%) 7(0.6) 2(0.4) 1.000b

Gestational diabetes mellitus (%) 543(44.8) 278(59.4) <0.001b
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IC status during pregnancy (%) 240(19.8) 124(26.5) 0.003b

Unintentional intervention (%) 135(11.1) 59(12.6) 0.400b

370 Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; IC, 
371 intensive care; SD, standard deviation.
372 aDerived from t-test.
373 bDerived from Chi-square Test or Fisher’s exact test.
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374 Table 2. Adverse birth outcomes stratified by offspring overweight status from 3 to 8 years of 
375 age

Normal Overweight P value
At 3-5 years of age (1502/179)
Gestational age at delivery (weeks, 
median (IQR)) 39.0 (38.0, 40.0) 39.0 (38.0, 40.0) 0.867a

Birthweight (kg, means±SD) 3.4±0.5 3.6±0.5 <0.001a

Infant male sex (%) 796(53.0) 115(64.3) 0.004b

Caesarean delivery (%) 971(64.7) 140(78.2) <0.001b

Gestational week at delivery (%) 0.630b

Preterm birth 66(4.4) 7(3.9)
Postterm pregnancy 27(1.8) 5(2.8)

Weight at birth (%) <0.001b

Macrosomia 155(10.3) 42(23.5)
Low birth weight 45(3.0) 3(1.7)

Gestational age specific weight at birth (%) <0.001b

Large for gestational age 207(13.8) 51(28.5)
Small for gestational age 103(6.9) 4(2.2)

Weight/length ratio at birth (%) <0.001b

High weight/length ratio at birth 335(22.3) 69(38.6)
Low weight/length ratio at birth 120(8.0) 7(3.9)

Breastfeeding status (%) 0.393b

Exclusive breastfeeding 242(16.1) 23(12.9)
Mixed breastfeeding 328(21.8) 45(25.1)
Artificial feeding 932(62.1) 111(62.0)

At 6-8 years of age (1213/468)
Gestational age at delivery (weeks, 
median (IQR)) 39.0 (38.0, 40.0) 39.0 (38.0, 40.0) 0.036a

Birthweight (kg, means±SD) 3.4±0.5 3.6±0.5 <0.001a

Infant male sex (%) 612(50.5) 299(63.9) <0.001b

Caesarean delivery (%) 764(63.0) 347(74.2) <0.001b

Gestational week at delivery (%) 0.923b

Preterm birth 52(4.3) 21(4.5)
Postterm pregnancy 24(2.0) 8(1.7)

Weight at birth (%) <0.001b

Macrosomia 104(8.6) 93(19.9)
Low birth weight 42(3.5) 6(1.3)

Gestational age specific weight at birth (%) <0.001b

Large for gestational age 141(11.6) 117(25.0)
Small for gestational age 92(7.6) 15(3.2)

Weight/length ratio at birth (%) <0.001b

High weight/length ratio at birth 236(19.5) 168(35.9)
Low weight/length ratio at birth 110(9.1) 17(3.6)

Breastfeeding status (%) 0.232b

Exclusive breastfeeding 200(16.5) 65(13.9)
Mixed breastfeeding 275(22.7) 98(20.9)
Artificial feeding 738(60.8) 305(65.2)

376 Abbreviations: SD, standard deviation; IQR, interquartile range.
377 aDerived from t-test or Mann-Whitney U test.
378 bDerived from Chi-square Test or Fisher’s exact test.
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379 Table 3. Odds ratios of adverse birth outcomes for offspring overweight status from 3 to 8 
380 years of age

Overweight at 3-5 years 
of age (N=179)

Overweight at 6-8 years of 
age (N=468)

OR (95 %CI) P value OR (95 %CI) P value
Model 1
Caesarean delivery 1.96(1.36-2.84) <0.001 1.69(1.33-2.14) <0.001
Gestational week at delivery

Preterm birth 0.90(0.40-1.98) 0.784 1.05(0.62-1.76) 0.865
Term birth Reference Reference
Postterm pregnancy 1.56(0.59-4.11) 0.366 0.86(0.39-1.94) 0.721

Weight at birth
Macrosomia 2.63(1.79-3.87) <0.001 2.59(1.91-3.50) <0.001
Normal weight Reference Reference
Low birth weight 0.65(0.20-2.11) 0.472 0.41(0.17-0.98) 0.045

Gestational age specific weight at birth
Large for gestational age 2.37(1.66-3.39) <0.001 2.42(1.84-3.19) <0.001
Appropriate for gestational age Reference Reference
Small for gestational age 0.37(0.14-1.03) 0.057 0.48(0.27-0.83) 0.009

Weight/length ratio at birth
High weight/length ratio at birth 2.09(1.51-2.91) <0.001 2.18(1.72-2.77) <0.001
Normal weight/length ratio at birth Reference Reference
Low weight/length ratio at birth 0.59(0.27-1.31) 0.194 0.47(0.28-0.80) 0.006

Model 2
Caesarean delivery 1.36(0.91-2.01) 0.131 1.20(0.93-1.56) 0.162
Gestational week at delivery

Preterm birth 0.90(0.40-2.03) 0.800 1.01(0.59-1.74) 0.975
Term birth
Postterm pregnancy 1.41(0.50-3.95) 0.518 0.83(0.35-1.94) 0.662

Weight at birth
Macrosomia 1.89(1.25-2.85) 0.002 1.92(1.39-2.65) <0.001
Normal weight Reference Reference
Low birth weight 0.68(0.20-2.26) 0.528 0.41(0.17-0.98) 0.046

Gestational age specific weight at birth
Large for gestational age 1.86(1.27-2.72) 0.002 1.99(1.49-2.67) <0.001
Appropriate for gestational age Reference Reference
Small for gestational age 0.45(0.16-1.26) 0.128 0.53(0.30-0.95) 0.032

Weight/length ratio at birth
High weight/length ratio at birth 1.67(1.18-2.37) 0.004 1.82(1.41-2.34) <0.001
Normal weight/length ratio at birth Reference Reference
Low weight/length ratio at birth 0.67(0.30-1.50) 0.329 0.52(0.30-0.90) 0.018

Model 3
Weight at birth

Macrosomia - - - -
Normal weight 
Low birth weight - - - -

Gestational age specific weight at birth
Large for gestational age 1.86(1.27-2.72) 0.002 - -
Appropriate for gestational age Reference
Small for gestational age 0.45(0.16-1.26) 0.128 - -

Weight/length ratio at birth
High weight/length ratio at birth - - 1.82(1.41-2.34) <0.001
Normal weight/length ratio at birth Reference 
Low weight/length ratio at birth - - 0.52(0.30-0.90) 0.018

381 Abbreviations: OR, odds ratio; 95 %CI, 95% confidence interval;
382 Model 1: Univariable analysis.
383 Model 2: Multivariable analysis, adjusted for pre-pregnancy body mass index, systolic blood pressure, 
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384 education attainment, family history of diabetes in first-degree relatives, gestational diabetes mellitus, 
385 intensive care status during pregnancy, unintentional intervention, child gender, breastfeeding status and 
386 birthweight (for caesarean delivery only).
387 Model 3: Adjusted for the variables listed in model 2 and backward stepwise approach was used to select 
388 pregnancy outcomes (P =0.05 for exit).
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Pregnant women registered

from 2010 to 2012 (n=22302)

Women with GCT <7.8 mmol/L 

or OGTT results (n=20160)

Excluded women without GCT results or

OGTT results if GCT ≥7.8 mmol/L (n=2142)

Women with GDM  by 

IADPSG’s criteria (n=1535)

Women with GDM invited

in the cohort (n=1040)

Randomly selected women without GDM

by IADPSG’s criteria as controls (n=1100)

Excluded women with stillbirth, neonatal 

death or non-singleton pregnancy (n=42)

Excluded woman-child pairs without 

postpartum follow-up (n=417)

Woman-child pairs included in the 

long-term follow-up study (n=1681)
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors
Complete this checklist by entering the page numbers from your manuscript where readers will find each of the 
items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the 
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short 
explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting 
observational studies.

Reporting Item
Page 

Number

Title and 
abstract

Title #1a Indicate the study’s design with a commonly used term in the title or 
the abstract

1

Abstract #1b Provide in the abstract an informative and balanced summary of what 
was done and what was found

3

Introduction

Background / 
rationale

#2 Explain the scientific background and rationale for the investigation 
being reported

5

Objectives #3 State specific objectives, including any prespecified hypotheses 6

Methods

Study design #4 Present key elements of study design early in the paper 6-7

Setting #5 Describe the setting, locations, and relevant dates, including periods 6-7
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of recruitment, exposure, follow-up, and data collection

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of selection 
of participants. Describe methods of follow-up.

6-7

Eligibility criteria #6b For matched studies, give matching criteria and number of exposed 
and unexposed

7

Variables #7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable

8-9

Data sources / 
measurement

#8 For each variable of interest give sources of data and details of 
methods of assessment (measurement). Describe comparability of 
assessment methods if there is more than one group. Give information 
separately for for exposed and unexposed groups if applicable.

8

Bias #9 Describe any efforts to address potential sources of bias 9-10

Study size #10 Explain how the study size was arrived at 6-7

Quantitative 
variables

#11 Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen, and why

9-10

Statistical 
methods

#12a Describe all statistical methods, including those used to control for 
confounding

9-10

Statistical 
methods

#12b Describe any methods used to examine subgroups and interactions n/a

Statistical 
methods

#12c Explain how missing data were addressed n/a

Statistical 
methods

#12d If applicable, explain how loss to follow-up was addressed n/a

Statistical 
methods

#12e Describe any sensitivity analyses

n/a

Results

Participants #13a Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, 

10
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included in the study, completing follow-up, and analysed. Give 
information separately for for exposed and unexposed groups if 
applicable.

Participants #13b Give reasons for non-participation at each stage n/a

Participants #13c Consider use of a flow diagram

n/a

Descriptive data #14a Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders. Give 
information separately for exposed and unexposed groups if 
applicable.

10

Descriptive data #14b Indicate number of participants with missing data for each variable of 
interest

n/a

Descriptive data #14c Summarise follow-up time (eg, average and total amount)

7

Outcome data #15 Report numbers of outcome events or summary measures over time. 
Give information separately for exposed and unexposed groups if 
applicable.

10

Main results #16a Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make 
clear which confounders were adjusted for and why they were 
included

10-12

Main results #16b Report category boundaries when continuous variables were 
categorized

9

Main results #16c If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

n/a

Other analyses #17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses

n/a

Discussion
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Key results #18 Summarise key results with reference to study objectives 12

Limitations #19 Discuss limitations of the study, taking into account sources of 
potential bias or imprecision. Discuss both direction and magnitude of 
any potential bias.

14-15

Interpretation #20 Give a cautious overall interpretation considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and 
other relevant evidence.

12-13

Generalisability #21 Discuss the generalisability (external validity) of the study results 14

Other 
Information

Funding #22 Give the source of funding and the role of the funders for the present 
study and, if applicable, for the original study on which the present 
article is based

16

The STROBE checklist is distributed under the terms of the Creative Commons Attribution License CC-BY. 
This checklist was completed on 06. June 2023 using https://www.goodreports.org/, a tool made by the 
EQUATOR Network in collaboration with Penelope.ai
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