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Abstract
Background: The prevalence of diabetes mellitus (DM) during pregnancy and childhood obesity is increasing
worldwide. Factors affecting the growth of children with overweight whose mothers had DM are complicated and
inconclusive. Few longitudinal studies have focused on the growth of infants with macrosomia born to mothers
with DM and the factors influencing their overweight. This study explored risk factors for childhood overweight/
obesity (OWOB) among children of mothers with DM. Perinatal, maternal socio-demographic, infant care, and
maternal body weight characteristics as well as child growth until age 3 years were analyzed using a longitudinal
design.
Methods: In total, 24,200 pairs of mothers and their children from the Taiwan Birth Cohort Study were included.
Combined Taiwan Children Growth Curve report classifications were analyzed for infant growth at birth and at 6,
12, 18, 24, and 36 months old (m/o). A multiple logistic regression analysis with different model settings was used
to assess factors affecting the growth of high birth weight children of mothers with diabetic mellitus (HODM).
Results: Children in the HODM group had a higher average body weight than did those in the non-DM group at
different age stages. Relative to the non-DM group, weight gain in the HODM group was slower before 18 m/o but
faster from 18 to 36 m/o, particularly after 24 m/o. Maternal DM was a major risk factor for childhood OWOB (odds
ratio [OR]: 3.25–3.95). After adjustment for related confounders, the OR was 2.19–3.17. Maternal overweight or
obesity and higher gestational weight gain were greater risk factors for childhood OWOB at 3 years old after
adjusted maternal DM and other selected confounders (OR: 1.45 and 1.23, respectively). Breastfeeding until 6 m/o
was a protective factor against childhood OWOB (OR: 0.95). The HODM and non-DM groups did not differ
significantly in perinatal, maternal socio-demographic, or infant care characteristics.
Conclusions: Maternal DM is a major factor of childhood OWOB. Maternal body weight before and after pregnancy
affects childhood OWOB, and this effect increases with the child’s age.
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* Correspondence: mengchihlee@gmail.com; alexyeh@csmu.edu.tw
3
Department of Family Medicine, Taichung Hospital, Ministry of Health and
Welfare, Taichung, Taiwan
1
Department of Public Health, Chung-Shan Medical University, Taichung,
Taiwan
Full list of author information is available at the end of the article
© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

Huang et al. BMC Pediatrics

(2021) 21:298

Background
The prevalence of diabetes mellitus (DM) is increasing
rapidly worldwide and is the most common complication of pregnancy, affecting up to 10% of expectant
mothers [1]. In Taiwan, the prevalence of diagnosed DM
in pregnancy increased from 2.0% in 1996–1998 [2] to
3.5% in 2001–2008 [3]. A Taiwanese study demonstrated
that morbidity is higher among children whose mothers
had DM than among children of mothers without DM,
and overweight newborns had an increased risk of
hospitalization and repeat admission [2].
Infants exposed to high glucose levels prenatally have
an increased risk of long-term adverse outcomes, including childhood overweight and obesity (OWOB). Many
risk factors contribute to childhood overweight. Maternal obesity is a known major risk factor for childhood
obesity. Many studies have demonstrated that mothers
with higher body mass index (BMI) are more likely to
have overweight infants [4]. Although high maternal
BMI is associated with a substantially increased risk of
gestational DM (GDM) [5], the causal associations of
childhood overweight with maternal DM and obesity remain unclear. In addition to genetic and DM factors of
child obesity, the effects of family lifestyle [6], breastfeeding, parents’ education level, and even whether
mothers who are able to perceive their children’s body
weight status accurately have been discussed [7, 8].
To our knowledge, no studies examining the association between maternal DM and childhood OWOB have
considered all potential key confounders, including maternal obesity, gestational weight gain, maternal and infant lifestyle, and care factors. Women with preexisting
DM have higher risks of preterm labor, congenital
anomalies in their children, adverse perinatal complications, and slowed infant growth in the future. Studies
that have not excluded infants with low birth weight
born to mothers with DM, especially infants born to
women with GDM and type 2 DM, have methodological
limitations in their analyses of childhood obesity [9]. A
study recommended that infants of women with DM be
targeted specifically for obesity prevention [10]. By controlling for maternal BMI, our study compared high
birth weight of diabetic mothers (HODM) with children
whose mothers did not have DM to explore risk factors
for subsequent childhood OWOB and growth. The results may provide information for mothers with the most
severe DM to prevent childhood obesity in their
children.
Methods
Data source and study population

Data used in this study were collected from the Taiwan
Birth Cohort Study (TBCS). TBCS is a national
population-based cohort study in Taiwan to investigate
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the health determinants of this 2005–2006 birth cohort
at their newborn, infant, child, adolescent, and adult
stages, from the life-course perspective. Formal first
wave (6 m/o) survey was completed in 2005–2006,
followed up in 2006–2007 (18 m/o), 2008 (3 y/o), 2010–
2011 (5 y/o), 2013–2014 (8 y/o), and 2017–2018 (12 y/
o). The TBCS cohort was expected to follow up till 21 y/
o (year 2026–2027). Of the 206,932 live births in the
Taiwan birth registration database for 2005, 24,200 pairs
of mothers and their children were sampled in the study
from the TBCS through a multistage stratified systematic sampling method [11]. This dataset was compiled
from the Millennium Cohort Study (MCS) [12] and the
National Children’s Study (NCS) [13]. The mothers provided written consent to participate, and this study was
approved by the Medical Ethics Committee and Data
Protection Board in Taiwan. A total of 21,248 mother–
child pairs (87.8%) completed the first wave survey when
child’s age is 6 months old. A total of 20,645 mother–
child pairs were enrolled into our study. Of the 20,645
pairs who complete the first wave of study, 19,597
(92.22%, 18 months) and 19,344 (91.03%, 36 months)
completed the second wave and the third wave, respectively. Our study excluded multiple pregnancies (561
cases) and mothers who did not know their diagnosed
DM during pregnancy at the time of interview (43
cases). Children with major or minor congenital fetal
anomalies (998 cases) were not calculated into multiple
logistic regression analysis models.

Variable definitions

Children were classified into four groups: children born
to mothers without DM (non-DM), Offspring of mother
with Diabetic Mellitus (ODM) with high birth weight
(>4000 g, HODM), ODM with appropriate birth weight
(2500–3999 g, AODM), and ODM with low birth weight
(<2500 g, LODM). OWOB was defined as body weight
above the 85th percentile at 6, 18, 24, or 36 m/o (separated by sex) according to Taiwan Children Growth
Curve report classifications [14].
Mothers were asked questions regarding awareness of
diagnosed DM by doctors during pregnancy by trained
interviewers (yes or no), maternal BMIs before pregnancy and 6 months after delivery (calculated based on
the data reported from the first wave survey), nationality,
educational level, area of residence (urban or rural), family income, whether they breastfed or staple fed their
children at 6 m/o, and main daytime caregiver (mother
or others). Maternal age was defined as mother’s age at
delivery (older or younger than 35 years). APGAR scores
were classified as more or less than 7. Maternal body
weight gain during pregnancy was divided into three categories: <10, 10–14, and >14 kg. Prepregnancy and
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postpartum BMI were divided into three categories: <
18.5, 18.5–25, and >25 kg/m2.
Statistical analyses

We classified the variables of influential factors into four
major categories, namely perinatal condition, maternal
socio-demographic characteristics, infant care factors,
and maternal body weight characteristics. Categorical
variables were analyzed using the chi-square test among
the non-DM, HODM, AODM, and LODM groups. Fisher’s exact test was conducted if necessary (Table 1).
Analysis of variance (ANOVA) in combination with
the Tukey honestly significant difference post hoc test
was conducted on normally distributed variables to compare children’s body weight at different time points
(birth, 6, 18, 24, and 36 m/o) and perform a sensitive assessment of deviations in growth (Table 2). Figure 1
plots the body weights and changes in growth of all children born in the non-DM and HODM groups from
birth to 36 m/o as a result of a Cochran–Armitage test
for trend. Separate models for the HODM and non-DM
groups were developed to detect influential factors of
perinatal conditions, maternal socio-demographic characteristics, infant care, and maternal body weight characteristics. Multiple logistic regression analyses were used
to estimate odds ratios (ORs) and 95% confidence intervals for the associations of influential variables between
the HODM and non-DM groups at different ages, including maternal BMI, gestational weight gain, breastfeeding, and perinatal conditions (Table 3). The nonDM group was used as the reference group, and P < 0.05
indicated statistical significance. Statistical analyses were
performed using SAS 9.4. (SAS Institute Inc., Carrie,
North Carolina, USA).

Results
A total of 20,645 (85.3%) pairs of mothers and children
were enrolled into our study. Among the pairs, 446
(2.16%) children were born to mothers with diagnosed
DM during pregnancy. Regardless of birth weight, all selected influential categories, including perinatal conditions, maternal socio-demographic characteristics, and
maternal body weight characteristics, revealed significant
differences between the non-DM group and ODM
groups, except infant care factors. Compared with
mothers without DM, mothers with DM were more
likely to have advanced maternal age and live in urban
areas. DM was less likely in immigrant women and those
with higher education levels (P < 0.05). Differences in
family income, main caregiver, and breastfeeding versus
staple-food feeding at 6 m/o were non-significant. More
adverse birth outcomes, such as preterm labor, lower
APGAR scores 1 and 5 min after birth, and increased
prevalence of birth defects, were present in infants in the
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ODM groups. Maternal BMIs before and after pregnancy were higher in the DM groups than in the nonDM group. In particular, mothers in the HODM group
had obviously higher prevalence of high prepregnancy
BMI (46.2% vs. 9.7%) and postpartum BMI (100.0% vs.
63.8%), (P < 0.001). Differences in maternal gestational
weight gain among the four groups were nonsignificant
(P = 0.157) (Table 1).
Figure 2 plots the growth of all children in the HODM
and non-DM groups. The average birth weight in these
two groups was 4294.5 and 3122.7 g, respectively. From
birth to 18 m/o, child growth in both the groups HODM
had similar velocity and slope in terms of body weight,
and average body weight was higher in the non-DM
group. However, the velocity of growth in body weight
was faster in the HODM group between 18 and 36 m/o.
Average body weight at 36 m/o was 16,830.8 and 14,
939.4 g in the HODM and non-DM groups, respectively.
Growth trends in both the groups were significantly different (P < 0.05). Figure 3 presents the percentages of
childhood OWOB in the four groups. Children in the
HODM group had higher rates of child OWOB at each
age stage, especially at 36 m/o.
The disparities in infant body weight and body weight
gain between the HODM and non-DM groups at birth,
6, 18, 24, and 36 m/o are shown in Table 2. Children in
the HODM group had a higher average body weight
than did the non-DM group at different age stages. Body
weight gain among infants differed significantly between
the two groups. Body weight gain was slower in the
HODM group than in the non-DM group before 18 m/o
but faster than the non-DM group, from 18 to 36 m/o
showed latter catch-up in HODM group, particularly
after 24 m/o.
Table 3 presents the results of the stepwise model analysis by using a multiple logistic regression. In the null
model, the incidence of OWOB in children in the
HODM group was greater than that in children in the
non-DM group from birth to 36 m/o (OR: 3.95–3.74).
Model A, which adjusted for maternal sociodemographic and perinatal conditions, yielded similar
results. When infant care factors in model B were considered, breastfeeding to 6 m/o reduced childhood
OWOB among children in the HODM group by approximately 4%, however, mothers as the main daytime
caregiver or early staple-food feeding did not affect
childhood OWOB (P > 0.05). Model C adjusted for the
factors included in model A and maternal body weight
factors to analyze the effects of maternal body weight on
childhood OWOB. Compared with the non-DM group,
mothers in the HODM group were more likely to have
OWOB children when their gestational weight gain was
>14 kg (OR: 1.12–1.25). Obesity (BMI > 25 kg/m2) before
and after pregnancy also increased the risk of childhood
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Table 1 Maternal socio-demographic, perinatal care and children’s characteristics in Taiwan
Non-DM1

HODM2

AODM3

LODM4

(n = 20,199)

(n = 39)

(n = 382)

(n = 25)

Male

10,566 (52.3%)

19 (48.7%)

223 (58.4%)

11 (44.0%)

Female

9633 (47.7%)

20 (51.3%)

159 (41.6%)

14 (56.0%)

pvaluea

pvalueb

NS

NS

<0.001*

NS

<0.001*

NS

0.0032

NS

<0.001*

NS

<0.001*

<0.001*

<0.001*

NS

0.0049

NS

0.0065

NS

<0.001*

NS

0.0912

NS

NS

NS

NS

NS

Perinatal conditions
Sex

Prematurity (<37 weeks)
Yes

1387 (6.9%)

5 (12.8%)

39 (10.2%)

19 (76.0%)

No

18,812 (93.1%)

34 (87.2%)

343 (89.8%)

6 (24.0%)

Apgar score(1 min)
≥7

19,818 (98.1%)

37 (94.9%)

375 (98.2%)

16 (64.0%)

<7

381 (1.9%)

2 (5.1%)

7 (1.8%)

9 (36.0%)

Apgar score(5 min)
≥7

20,148 (99.7%)

39 (100.0%)

381 (99.7%)

24 (96.0%)

<7

51 (0.3%)

0 (0.0%)

10 (0.3%)

1 (4.0%)

Birth defect
Yes

960 (4.8%)

2 (5.1%)

32 (8.4%)

4 (16.0%)

No

19,239 (95.2%)

37 (94.9%)

350 (91.6%)

21 (84.0%)

Maternal socio-demographic characteristics
Maternal age
≤35 y/o

18,448 (91.3%)

28 (71.8%)

304 (79.6%)

22 (88.0%)

>35 y/o

1751 (8.7%)

11 (28.2%)

78 (20.4%)

3 (12.0%)

Maternal nationality
Taiwanese

17,446 (86.4%)

35 (89.7%)

365 (95.5%)

24 (96.0%)

Non-Taiwanese

2753 (13.6%)

4 (10.3%)

17 (4.5%)

1 (4.0%)

3021 (15.0%)

3 (7.7%)

36 (9.4%)

2 (8.0%)

Maternal education
Less than high school
High school

8085 (40.1%)

16 (41.0%)

139 (36.5%)

10 (40.0%)

College and above

9061 (44.9%)

20 (51.3%)

206 (54.1%)

13 (52.0%)

<50,000

8499 (42.2%)

14 (37.8%)

121 (31.8%)

11 (44.0%)

50,000–150,000

11,020 (54.7%)

22 (59.5%)

246 (64.6%)

14 (56.0%)

≥150,000

614 (3.0%)

1 (2.7%)

14 (3.7%)

0 (0.0%)

Family income (NTD)

Living area
Urban

9529 (47.2%)

23 (59.0%)

222 (58.1%)

14 (56.0%)

Rural

10,670 (52.8%)

16 (41.0%)

160 (41.9%)

11 (44.0%)

Yes

16,611 (82.2%)

33 (84.6%)

307 (80.4%)

25 (100.0%)

No

3588 (17.8%)

6 (15.4%)

75 (19.6%)

(0.0%)

Perinatal care
Breastfeeding at 6 m/o

Non-staple foods feeding before 6 m/o
Yes

18,148 (89.9%)

37 (94.9%)

347 (90.8%)

22 (88.0%)

No

2043 (10.1%)

2 (5.1%)

35 (9.2%)

3 (12.0%)

20 (51.3%)

193 (50.5%)

11 (44.0%)

Main caregiver at daytime (at 1–6 m/o)
Mother

9961 (49.3%)
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Table 1 Maternal socio-demographic, perinatal care and children’s characteristics in Taiwan (Continued)

Others

Non-DM1

HODM2

AODM3

LODM4

(n = 20,199)

(n = 39)

(n = 382)

(n = 25)

10,238 (50.7%)

19 (48.7%)

189 (49.5%)

14 (56.0%)

pvaluea

pvalueb

<0.001*

<0.001*

<0.001*

<0.001*

NS

NS

Maternal body weight
Pre-pregnancy BMI (kg/m2)
<18.5

4236 (21.0%)

1 (2.6%)

41 (10.7%)

3 (12.0%)

18.5–25

14,040 (69.5%)

20 (51.3%)

249 (65.2%)

15 (60.0%)

>25

1923 (9.5%)

18 (46.2%)

92 (24.1%)

7 (28.0%)

Postpartum BMI (at 6 m/o)
<18.5

158 (0.8%)

0 (0.0%)

5 (1.3%)

0 (0.0%)

18.5–25

7330 (36.3%)

0 (0.0%)

83 (21.7%)

7 (28.0%)

>25

12,711 (62.9%)

39 (100.0%)

294 (77.0%)

18 (72.0%)

Gestational weight gain (kg)
<10 kg

3401 (16.8%)

6 (15.4%)

85 (22.3%)

6 (4.0%)

10–14 kg

7919 (39.2%)

13 (33.3%)

146 (38.2%)

8 (32.0%)

>14 kg

8879 (44.0%)

20 (51.3%)

151 (39.5%)

11 (44.0%)

1

Non-DM: newborn born from non-DM mothers
2
HODM: Newborn born from DM mothers and birth weight more 4000 g
3
AODM: Newborn born from DM mothers and birth weight within 2500–3999 g
4
LODM: Newborn born from DM mothers and birth weight less 2500 g
a
Analysis by χ2 test statistics for 4 groups
b
Analysis by χ2 test statistics for non-DM and HODM groups; NS: Not Significant; *P < 0.001

OWOB (OR: 1.24–1.44, 1.17–1.31, respectively). When we
adjusted for all potential determinants in model D, maternal DM remained a major risk factor for childhood OWOB
at different ages in the HODM group (OR: 2.19–3.17). Maternal body weight before and after pregnancy was a main
factor affecting childhood OWOB, and the risk of childhood OWOB increased with the children’s age.

Discussion
GDM prevalence in Asia has been reported to range
from 0.7 to 51.0% [15]. A meta-analysis yielded a pooled

GDM prevalence rate of 11.5% [16]. This vast disparity
in prevalence rates may be due to differences in diagnostic criteria [17], screening strategies [18], and ethnicity
and population characteristics [19]. Our study included
446 mothers with DM who accounted for approximately
2.2% of all included participants. The TBCS study defines whether a mother has DM during pregnancy, in
addition to the self-recognition from the interviewees,
must be judged by trained interviewers (mainly public
health nurses) to determine whether there is “diagnosed
DM by doctors during pregnancy”, and refer to the

Table 2 Infant growth from birth to 36 m/o in the HODM and non-DM groups
HODM

Non-DM

Birth

4294.5 ± 272.8

3122.7 ± 424.3

6 months

8848.6 ± 1120.8

8090.5 ± 1021.4

18 months

11,948.4 ± 1346.8

11,062.9 ± 1332.0

24 months

13,900.0 ± 2004.1

12,373.3 ± 1723.2

36 months

16,830.8 ± 2500.2

14,939.4 ± 2190.7

0–6 months

4555.6 ± 1193.0

4965.8 ± 944.6

0–18 months

7683.4 ± 1380.2

7933.7 ± 1251.8

0–24 months

9657.9 ± 1984.1

9247.2 ± 1654.3

0–36 months

12,536.3 ± 2511.6

11,816.0 ± 2118.1

Birth weight (g)

Weight gain (g)

a

Z value: Z test statistics
b
Repeated measure ANOVA

Z valuea

P valueb

0.0028

0.0020

0.0029

0.0020
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Fig. 1 Growth in body weight of children in 4 groups. aRepeated measure
ANOVA test for trend among 4 groups; *P < 0.0001. bCochran–Armitage
test for trend among non-DM and HODM groups; *P < 0.05

Fig. 2 Body weight gain of children in 4 groups. aRepeated measure
ANOVA test for trend among 4 groups; *P < 0.0001. bCochran–
Armitage test for trend among non-DM and HODM groups; *P < 0.001

Table 3 Multiple logistic regression models of newborn care and maternal body weight factors with childhood overweight
6 m/o

18 m/o

24 m/o

36 m/o

OR

P-value

OR

P-value

OR

P-value

OR

P-value

Null model
HODM vs. non-DM

3.95

<0.001

3.32

<0.001

3.25

0.0013

3.74

<0.001

Model A
HODM vs. non-DM

3.70

<0.001

2.98

0.002

3.03

0.004

3.40

<0.001

Model B
HODM vs. non-DM

3.69

<0.001

2.92

0.003

2.96

0.005

3.34

<0.001

Breast feeding at 6 m/o

0.99

NS

0.96

<0.001

0.95

<0.001

0.96

<0.0001

Main caregiver at daytime (mother vs. others)

1.07

NS

1.07

NS

1.35

<0.001

1.02

NS

Non-staple foods feeding before 6 m/o

1.06

NS

1.17

NS

1.12

NS

1.14

0.033

Model C
HODM vs. non-DM

3.19

<0.001

2.27

0.026

2.26

0.045

2.61

0.005

Gestational weight gain (<10 kg vs. 10–14 kg)

0.84

0.003

0.93

NS

0.89

NS

0.83

0.002

Gestational weight gain (>14 kg vs. 10–14 kg)

1.12

0.008

1.22

<0.001

1.25

<0.001

1.24

<0.001

Pre-pregnancy BMI (<18.5 vs. 18.5–25 kg/m )

0.85

0.003

0.77

<0.001

0.63

<0.001

0.68

<0.001

Pre-pregnancy BMI (>25 vs. 18.5–25 kg/m2)

1.26

<0.001

1.34

<0.001

1.24

0.011

1.44

<0.001

Postpartum BMI at 6 m/o (<18.5 vs. 18.5–25 kg/m )

1.13

NS

0.88

NS

0.79

NS

1.37

NS

Postpartum BMI at 6 m/o (>25 vs. 18.5–25 kg/m2)

1.17

0.002

1.28

<0.001

1.25

0.002

1.31

<0.001

2

2

a

Model D
HODM vs. non-DM

3.17

<0.001

2.22

0.031

2.19

0.055

2.56

0.006

Breast feeding at 6 m/o

0.99

NS

0.96

<0.001

0.95

<0.001

0.96

<0.001

Main caregiver at daytime (mother vs. others)

1.06

NS

1.06

NS

1.35

<0.001

1.03

NS

Non-staple foods feeding before 6 m/o

1.06

NS

1.16

NS

1.09

NS

1.11

NS

Gestational weight gain (<10 kg vs. 10–14 kg)

0.84

0.002

0.93

NS

0.89

NS

0.83

0.0014

Gestational weight gain (>14 kg vs. 10–14 kg)

1.12

0.010

1.22

<0.001

1.25

<0.001

1.23

<0.001

Pre-pregnancy BMI (<18.5 vs. 18.5–25 kg/m )

0.85

0.003

0.76

<0.001

0.62

<0.001

0.67

<0.001

Pre-pregnancy BMI (>25 vs. 18.5–25 kg/m2)

1.25

<0.001

1.34

<0.001

1.23

NS

1.45

<0.001

Postpartum BMI at 6 m/o (<18.5 vs. 18.5–25 kg/m )

0.99

NS

0.96

<0.001

0.95

<0.001

0.96

<0.001

Postpartum BMI at 6 m/o (>25 vs. 18.5–25 kg/m2)

1.17

0.002

1.27

<0.001

1.26

0.002

1.31

<0.001

2

2

Model A: adjustment for perinatal conditions (mode of delivery, gestational age, APGAR score at 1 and 5 min), and maternal socio-demographic characteristics;
Model B: adjustment for factors included in model A and newborn care factors (only the ORs of newborn factors are shown); Model C: adjustment for factors
included in model A and maternal body weight factors (only the ORs of maternal body weight factors are shown); Model D: adjustment for all factors (only the
ORs of newborn care and maternal body weight factors are shown)
NS no significance
a
Borderline significance
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Fig. 3 Percentage of OWOB among children in 4 groups at different
ages. aχ2 test; *P < 0.001

check-up records on the maternal health booklet issued
by Taiwan’s National Health Insurance (NHI). The
coverage rate of NHI is >99%. Pregnant women can receive at least 10 prenatal health examinations by obstetricians, and barriers in access to prenatal care are lower
in Taiwan compared with those in other countries. This
discrepancy in prevalence rates might be related to the
design of the TBCS, which was connected as a selfreport questionnaire by mothers administered in interviews. Although the urine glucose level is a routine parameter tested during prenatal examinations, serum
glucose levels and oral glucose tolerance tests are not
routine items designated by Taiwan’s NHI for prenatal
examinations, mothers with DM may not be aware of
their DM status. Such issue may cause some GDM
mothers not being diagnosed and not included in DM
group of this study. However, it is reported that nearly
95% of pregnant women received free prenatal care by
the NHI in Taiwan. Doctors are required to screen for
maternal DM by NHI guidelines, so we believe it has
consistent validity. Our study using a dataset from the
TBCS is the first to use a multistage stratified systematic
sampling design, and the content of the questionnaire
covered a wide range of information. TBSC has been
widely applied in research to reveal insights into the
health profiles of children growing up in Taiwan.
Advanced maternal age, family history of DM, ethnicity, overweight or obesity, and smoking are welldocumented risk factors for GDM [20]. In addition to
these risk factors, data increasingly indicate that diet and
lifestyle factors both before and during pregnancy are associated with GDM [21]. A study in Taiwan indicated
that advanced maternal age, a family history of DM, a
less than high school education, high prepregnancy BMI,
and an indigenous ethnicity were risk factors for GDM
[22]. In our study, mothers with DM were older, lived in
urban areas, were less likely to be immigrants, and had
higher education levels (p < 0.05). Their BMIs before
pregnancy and postpartum at 6 months were higher than
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those of the non-DM group. In particular, mothers in
the HODM group had higher prepregnancy BMIs. The
disparity in maternal age may explain why mothers with
DM had higher education levels; moreover, immigrant
and indigenous mothers in Taiwan are relatively
younger.
Because of the potential confounders including genetic
factors, mother and infant lifestyle, and maternal obesity
factors are difficult to control, the relationships between
maternal DM and risk of childhood OWOB are complex. The Taiwan’s NHI has a high coverage rate and
people face few barriers to medical assessments. We focused on the HODM group because mothers in the
LODM group tended to have pregestational DM that increased the incidence of congenital anomalies and preterm labor. Our results indicate that maternal obesity
before and after pregnancy increase the risk of childhood
OWOB, and this risk increases as children age. These
findings suggest that genetics may play a central role. A
previous study identified many genetic polymorphisms
in genome-wide association studies of adult BMI and
the genetic susceptibility to childhood obesity; the association was partially explained by appetitive traits in infancy followed by an early childhood increase in BMI
[23].
Studies of the effects of gestational DM on childhood
overweight and obesity have yielded inconclusive results.
A meta-analysis reported inconsistent evidence of an association of GDM with childhood overweight and obesity because of methodological limitations in the included
studies [9]. However, our study adjusted for prepregnancy obesity, infant care, and maternal sociodemographic factors. Maternal DM was an independent
determinant of childhood OWOB, but the associations
were attenuated after adjustment for prepregnancy and
postpartum maternal BMI. Previous studies have not focused on infants with macrosomia, which may have confounded their results. Because the infants of mothers
with DM, particularly type 1 DM, have a higher risk of
congenital anomalies, premature birth, and low APGAR
scores, their growth is expected to be slower than that of
infants of mothers without DM or even mothers with
GDM. We conducted a stepwise logistic regression by
using five models to eliminate these confounders.
Because of mothers with overweight or obesity have a
higher prevalence of DM, our study could not identify
the prevalence of DM in ODM children. Mothers with
obesity may have a genetic predisposition to have children who become overweight; in addition, maternal lifestyle, diet, and maternal cognition to infant body weight
are factors of childhood overweight [24]. In our study,
main daytime caregiver and early staple-food feeding
were not influential factors in Taiwanese cohort. However, high calorie intake in infancy and large appetite
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from 1 year were reported to be related to a higher incidence of subsequent childhood obesity [23]. Children who
were breastfed until 12 m/o were reported to be 2.7 times
less likely to develop childhood obesity [24, 25]. We demonstrated that breastfeeding until 6 m/o is a protective factor against childhood OWOB (OR: 0.96). Although the
benefits of breastfeeding appear to be a key part of the
positive health outcomes associated with the parent-child
relationship, the effect of the dose is not informed in this
study. The odds ratio of HODM group to the non-DM
group for childhood OWOB is range from 3.25 to 3.95 at
different age stages. Regardless of whether neonatal care
factors were adjusted in Model A or Model B, the odds of
HODM in the probability of children being OWOB has
similar findings. The effects to the odds of HODM between the former two are much lower than those of
Model C and Model D. Therefore, we infer that HODM is
an independent factor affecting childhood OWOB, and
the impact of maternal overweight or obesity is much
greater than that of perinatal conditions and acquired
care. Control of DM and restricted weight gain during
pregnancy are keys to preventing childhood obesity, especially in mothers with DM.
The strength of our study is its focus on a particular
infant population for comparison with children whose
mothers did not have DM and its exclusion of infants
with low birth weight and congenital anomalies to eliminate the effect of congenital or genetic factors that
could confound the statistical results. We also used a
stepwise logistic regression model to detect confounders
and their interactions between DM and diabetes-related
perinatal complications. In addition, we analyzed prepregnancy and postpartum BMI to compare the effects
of maternal BMI and gestational body weight gain with
childhood OWOB. Moreover, this cohort study can offer
information on the determinants of childhood OWOB at
different ages.
Our research has some limitations. The design of the
TBCS questionnaires did not differentiate between pregestational DM and GDM, neither lack of medical records
about the severity of hyperglycemia and related medical
intervention. This limitation makes genetic factors and
the effects of DM control difficult to identify. Another
limitation is the high rate of cesarean deliveries in
Taiwan; some infants with macrosomia can be delivered
earlier if their body weight is estimated to be overweight
during prenatal examinations. This phenomenon may
have reduced the number of infants in the HODM
group. The maternal height and weight were selfreported instead of measurements might latent errors.
This cohort study followed children to 36 m/o. Future
studies may prolong the follow-up period to analyze the
long-term relationships between mothers with DM and
childhood obesity.
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Conclusion and suggestions
In this population-based cohort study, maternal DM and
BMI of mothers more than 25 kg/m2 prepregnancy and
postpartum were the significant factors of childhood
OWOB, and the maternal BMI effects increased as children aged. Prolonged breastfeeding to the age of 6
months and weight gain control during pregnancy are
protection factors. DM control during pregnancy, restricted maternal gestational body weight gain, maternal
BMI control, and prolonged breastfeeding are strategies
for mothers with DM to prevent childhood overweight.
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