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Introduction

Increasing obesity and excessive nutrition during pregnancy 
are important problems in both short- and long-term mater-
nal and fetal health [1,2]. Being overweight or obese prior 
to pregnancy is associated with excessive fetal growth [3-6]. 
Excessive caloric intake during pregnancy results in increasing 
gestational weight gain (GWG). Previous studies reported that 
GWG is also associated with fetal growth [7-9]. The Institute 
of Medicine (IOM) recommended different GWGs according to 
the patient’s prepregnant body mass index (BMI) for adequate 
fetal growth and reduction of pregnancy complications [10].

It is well established that gestational diabetes mellitus (GDM) 
increases the risk of adverse pregnancy outcomes, including 

being large for gestational age (LGA) and macrosomia [11,12]. 
Older maternal age and multiparity are also associated with a 
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larger infant [13].
The influence of GDM, maternal BMI, and weight gain in 

pregnancy on excessive fetal growth varies by rate and ethnic-
ity [14]. No prior studies have either analyzed the independent 
and combined risk factors for excessive fetal growth or com-
pared the risk associated with equivalent prepregnant BMI 
and GWG for LGA in Korean women with and without GDM.

The objectives of this study were to evaluate the risk of age, 
parity, GDM, prepregnant BMI, and GWG for excessive fetal 
growth, defined as LGA. We also assessed detailed risk ac-
cording to BMI and GWG for Korean women with and with-
out GDM.

 

Materials and methods 

We retrospectively reviewed the medical records of women 
who delivered a live-born singleton baby at term at a single 
medical center between 2010 and 2012. We excluded wom-
en with pre-existing medical conditions, such as pregestational 
diabetes and chronic hypertension. This study was approved 
by the ethics committee of Cheil General Hospital and Wom-
en’s Health Care Center (CGH-IRB-2014-17).

Collected clinical characteristics of pregnant women in-
cluded age, parity, prepregnant BMI (kg/m2), GWG, GDM, 
gestational age at delivery, and delivery mode. Neonatal out-
comes included birth weight, being LGA (≥90th percentile of 
gestational age) [15], and macrosomia (≥4.0 kg).

Prepregnant BMI was calculated from maternal weight and 
height in the patient’s first antenatal care interview; the wom-
en self-reported. We categorized them according to the World 
Health Organization  definitions for weight: underweight, 
(BMI <18.5), normal (18.5≤ BMI <23), overweight (23≤ BMI 
<25), and obese (BMI ≥25). We used the Carpenter-Coustan’ 
criteria to diagnose GDM. GWG was defined as the difference 
between the patient’s weight measured in the delivery unit 
and the prepregnant maternal weight recorded in the medi-
cal records at the first visit to the maternity health care center. 
We divided GWG into four categories: <10, 10 to 14.9, 15 to 
19.9, and ≥20 kg. 

Statistics included student’s t-test for parametric and chi-
square test for categorical variables for univariate analysis. We 
fit multiple logistic regressions to estimate the odds ratios on 
variables proven to be statistically significant for discriminating 
between LGA and non-LGA groups. To determine whether 
the association between GDM and infant size varied across 

categories of BMI and pregnancy weight gain, we divided 
the pregnant women into non-GDM and GDM groups and 
estimated the odds ratio for each category. Maternal age and 
parity were included as covariates in the adjusted analyses 
because they were regarded as potential confounding factors. 
The reference group was pregnant women without GDM, 
whose prepregnant BMI was normal and GWG was between 
10 to 14.9 kg. All statistical analyses were performed with 
SPSS ver. 16.0 (SPSS Inc., Chicago, IL, USA).

Results 

We reviewed the medical records of 16,297 women who de-
livered a live-born singleton baby at term. Table 1 shows the 
maternal and neonatal characteristics of the study population. 
The prevalence of GDM in our study population was 4.5%, 
the prevalence of overweight women (BMI ≥23) was 10.1%, 
and obesity prevalence (BMI ≥25) was 8.5%. The prevalence 
of GWG ≥15 kg was 36.1%. 

Table 1. Maternal and neonate characteristics of the study popu-
lation (n=16,297)

Variable Value

Age (yr) 33.6±3.7

Nulliparity 9,956 (61.1)

Gestational diabetes mellitus 727 (4.5)

Prepregnancy body mass indexa) (kg/m2)

Underweight 2,655 (16.3)

Normal 10,605 (65.1)

Overweight 1,645 (10.1)

Obese 1,392 (8.5)

Gestational weight gain (kg)

<10.0 2,877 (17.7)

10.0–14.9 7,538 (46.3)

15.0–19.9 4,646 (28.5)

≥20.0 1,236 (7.6)

Gestational age at delivery (wk) 39.4±1.1

Birth weight (g) 3,290±393

Large for gestational ageb) 1,634 (10.0)

Macrosomiac) 680 (4.2)

Data are expressed as the mean±standard deviation or n (%).
a) With World Health Organization-Asian criteria; b)≥90th percentile of 
gestational age; c)Neonatal birth weight ≥4.0 kg
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Comparison of clinical characteristics between LGA and 
non-LGA groups was expressed in Table 2. Maternal age in 
LGA group was older than that of non-LGA group. The preva-
lence of multiparity in LGA group was higher. Prepregnancy 
BMI and GWG in LGA group were higher than non-LGA 
group. GDM was more prevalent in LGA group. All character-
istics were significantly different.

Table 3 shows the odds ratios from multiple logistic regres-
sion analyses for several variables and their association with 
LGA. We found that the following characteristics carried the 
increased risk for LGA: maternal age ≥35 years, parity ≥1, 
GDM, prepregnant BMI ≥23, and GWG ≥15 kg. The odd ratio 
of GWG ≥15 kg for LGA was the highest .

The relationship between prepregnant BMI and GWG with 
excessive fetal growth between women with and without 
GDM is illustrated in Table 4. We used pregnant women with 
normal prepregnancy BMI and GWG between 10 to 14.9 kg 
who did not have GDM as the reference category. We ad-
justed for age and parity. The risk for LGA was greater with 
increased GWG in all BMI groups, regardless of GDM. In GDM 
women with normal and overweight BMI, the risk of LGA was 
not greater when GWG was <15 kg. When GWG was 15 kg 
or more, the risk in GDM women was greater than in non-
GDM women, even when they had the same BMI. Risk for 
LGA was highest in obese GDM women with GWG ≥15 kg. 

Table 2. Clinical characteristics of LGAa) vs. non-LGA

Non-LGA (n=14,663) LGA (n=1,634) P-value

Age (yr) 33.6±3.7 34.1±3.6 <0.001

Multiparity 5,555 (37.9) 786 (48.1) <0.001

Prepregnancy BMI (kg/m2) 20.8±2.7 22.1±3.4 <0.001

GWG (kg) 13.4±4.3 15.3±4.9 <0.001

Age ≥35 yr 5,105 (34.8) 655 (40.1) <0.001

Prepregnancy BMI ≥23 4,421 (30.2) 785 (48.0) <0.001

GWG ≥15.0 kg 5,026 (34.3) 856 (52.4) <0.001

Gestational diabetes mellitus 629 (4.3) 98 (6.0) 0.002

Gestational age at delivery (wk) 39.3±1.0 39.6±1.0 <0.001

Cesarean section 5,047 (34.4) 834 (51.0) <0.001

Birth weight (g) 3,212±325 3,990±216 <0.001

Data are expressed as the mean±standard deviation or n (%); Statistical analysis: Student’s t-test and chi-square test.
LGA, large for gestational age; BMI, body mass index; GWG, gestational weight gain.
a)≥90th percentile of gestational age

Table 3. Odd ratio of risk factors for large for gestational agea)

Factors Odds ratio 95% confidence interval P-value

Maternal age ≥35 yr 1.15 1.03–1.28 0.012

Parity ≥1 1.48 1.33–1.65 <0.001

Gestational diabetes mellitus 1.37 1.09–1.72 0.007

Prepregnancy BMIb) ≥23 2.24 1.99–2.52 <0.001

GWG ≥15 kg 2.40 2.16–2.67 <0.001

Statistical analysis: binary and multiple logistic analyses.
BMI, body mass index; GWG, gestational weight gain.
a)≥90th percentile of gestational age; b)With WHO-Asian criteria.
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Discussion

In this study, we found that all the variables we investigated, 
including older maternal age, multiparity, prepregnant high 
BMI, GDM, and high GWG, increased the risk for LGA. 
Among these variables, high GWG had higher association 
with excessive fetal growth. 

Many studies have reported an association of prepregnancy 
BMI and GWG with excessive fetal growth, either individu-
ally or combined, and most of these studies were analyses of 
women without GDM [16-19]. Dietz et al. [17] showed that 
high weight gain was associated with LGA and macrosomia 
and that the relationship was progressive. Ouzounian et al. 
[18] showed that prepregnancy weight and excessive weight 
gain are independent risk factors for macrosomia in women 
with GDM. In their study, GDM women with obesity and 
weight gain above the IOM threshold had increased risk for 
macrosomia that was six-fold above that for GDM women 
with normal weight who met IOM recommendations. Over-
weight GDM women who met IOM recommendations did not 
see an increased risk for macrosomia. In our study, we found 

an association between GWG and fetal growth, regardless of 
gestational diabetes, but the relationship was more prominent 
in GDM women.

In Asian women, Bowers et al. [13] found the strongest as-
sociation was between GDM and LGA. In their study, Asian 
women with GDM, in combination with either high weight 
gain or obesity, had a five-fold increased risk for an LGA deliv-
ery. Black et al. [19] reported that, although being overweight 
and obese in the absence of GDM may substantially increase 
the risk of development of LGA, GDM in the absence of being 
overweight or obese does not appear to be associated with 
increased risk for LGA. They also observed that the prevalence 
of LGA was similar for overweight and normal-weight GDM 
women when GWG was <18 kg. 

As we know from this study, GDM is a significant influenc-
ing factor of excessive fetal growth, albeit not an absolute 
one, and GWG, not GDM, is the most significant factor for 
fetal growth. Normal and overweight GDM women with 
GWG between 10 to 15 kg did not increase their risk for LGA 
compared to non-GDM normal weight women within the 
same range of GWG. However, obese women experienced 

Table 4. Associations of prepregnant body mass index and gestational weight gain with large for gestational agea) between women 
without and with GDM

Non-GDM GDM

OR (95% CI) n OR (95% CI) n

Normal BMIb)

GWG (kg)  <10.0 0.45 (0.34–0.61) 1,421 0.62 (0.29–1.35) 139

10.0–14.9 1.00 (reference) 4,811 1.18 (0.68–2.03) 161

15.0–19.9 1.69 (1.45–1.97) 3,153 4.00 (2.20–7.27) 60

≥20.0 3.06 (2.50–3.75) 849 2.90 (0.62–13.53) 11

Overweight

GWG (kg)  <10.0 1.05 (0.71–1.57) 345 0.59 (0.18–1.91) 59

10.0–14.9 1.62 (1.25–2.11) 636 0.71 (0.17–2.98) 34

15.0–19.9 3.32 (2.57–4.28) 428 3.95 (1.26–12.38) 16

≥20.0 5.67 (3.80–8.46) 122 3.05 (0.34–27.48) 5

Obese

GWG (kg)  <10.0 1.62 (1.20–2.19) 447 3.25 (2.01–5.25) 103

10.0–14.9 2.69 (2.08–3.49) 452 4.05 (2.17–7.55) 53

15.0–19.9 3.54 (2.53–4.95) 216 9.70 (3.79–24.87) 18

≥20.0 5.96 (3.82–9.30) 95 6.66 (1.21–36.74) 6

Statistical analysis: multiple logistic analyses.
GDM, gestational diabetes mellitus; OR, odds ratio; CI, confidence interval; BMI, body mass index; GWG, gestational weight gain.
a)≥90th percentile of gestational age; b)With WHO-Asian criteria.
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an increased risk for LGA, although the GWG was less than 
10 kg compared to normal-weight women with weight gain 
between 10 to 15 kg. Obese GDM women had a higher risk 
for LGA at each category of GWG. Risk for LGA was highest 
in obese GDM women with GWG ≥15 kg. Once GWG rose 
above 15 kg, the risk for LGA increased significantly for all 
BMI categories, regardless of GDM status; however, the risk 
was greater in GDM cases with the same BMI.

Our results suggest a stronger relationship between mater-
nal prepregnancy overweight/obesity and high weight gain 
with the occurrence of LGA in women with GDM than that in 
non-GDM women. These findings suggest that aggressive in-
tervention before and during pregnancy could reduce the risk 
of high neonatal birth weight in GDM women. Recently, Park 
et al. [20] reported that minimal weight gain during preg-
nancy, below the IOM recommendation, may eliminate most 
adverse pregnancy outcomes, including LGA in obese GDM 
Asian women.

This study has several limitations. First, we had to use self-
reported maternal weight because this was a retrospective 
study. Second, our study does not include other factors associ-
ated with birth weight, such as socioeconomic status, alcohol 
intake, and smoking during pregnancy; however, these risk 
factors are typically associated with lower birth weight [7]. 
Third, we did not classify GDM women according to whether 
they received insulin treatment. 

Despite these limitations, the strengths of this study include 
the large sample size and that the results all come from a 
single institution with a comprehensive and consistent perina-
tal care program. Furthermore, our study is the first to report 
the combination risk from prepregnancy weight and degree 
of GWG for LGA between GDM and non-GDM women in 
Korea.

In conclusion GWG, along with prepregnancy BMI and 
GDM, is important risk factor for LGA. GWG ≥15 kg might 
be a more important risk factor for LGA than either prepreg-
nancy BMI ≥23 or GDM. Normal weight and overweight 
GDM women with GWG <15 kg have no increased risk for 
excessive fetal growth compared to women in the same BMI, 
weight, and GWG categories who do not have GDM. Obese 
women with GDM and GWG ≥15 kg have the highest risk 
for excessive fetal growth. This study suggests that clinicians 
should show greater concern for appropriate weight gain 
during pregnancy.
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