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  Abstract 
Objective: To investigate the association between changes in body composition 
components during pregnancy and the risk of gestational diabetes mellitus 
(GDM). Methods: A total of 996 pregnant women participated in the body 
composition measurement before 28 weeks’ gestation (WG) finally recruited 
into a retrospective cohort study from July 2015 to March 2019. The complete 
statistical data were collected from hospital electronic medical record system 
and analyzed in R environment and SPSS. Logistic regression analysis was em-
ployed to explore the relationships between maternal body composition and the 
risk of GDM morbidity. Results: Logistic regression analysis showed multiple 
predisposing factors of GDM may be: age ≥35 years old, pre -pregnancy BMI 
≥28 kg/m2, body fat mass percentage (FMP) ≥24.63%, intracellular fluid ≥ 
12.795kg before 28 weeks of pregnancy. In pregnant women with FMP 
≥24.63%, the incidence of GDM was 39.80% and dystocia (54.89%), postpar-
tum hemorrhage (15.79%), macrosomia (14.67%), which were significantly 
higher than in the lower FMP group. Conclusion: Body composition analysis 
can be a simple, convenient and noninvasive method used for weight monitoring 
during pregnancy and risk assessment of GDM occurrence. 
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1. Introduction 

The weight of pregnant women increases gradually during the whole pregnancy to supply fetus, and their body 
composition changes also. Body mass index (BMI) is a rough parameter for evaluating the weight gain. Body 
composition analysis is a method to reflect the consist of human body accurately, which offer chance to analyze 
objectively and rationally of body composition of pregnant women. Body composition was assessed by 
two-component model first established by Behnke [1] in 1942 and gradually developing to multi-component mod-
els such as three, four component and five component. The five component model of human body composition is 
the most influential proposed by Wang et al. [2] in 1992, which is comprised of five basic components: body fat 
mass (FM), extracellular fluid, intracellular fluid, inorganic salt and protein. The relationship between them is that 
the sum of intracellular fluid and extracellular fluid is total water, the sum of total water and protein mass is muscle 
mass, and the sum of muscle mass and inorganic salt is fat free body mass, and the sum of fat free body mass and 
body fat is the total body weight. Body fat mass percentage (FMP) is the ratio of body fat mass to body weight. 
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Body composition analysis of pregnant women can better understand the specific content of pregnant women's 
weight change but there was less clinical application in prenatal diseases. 

Gestational diabetes mellitus (GDM) is defined as the first degree of abnormal glucose tolerance during preg-
nancy and it has adverse impacts on the pregnancy process and maternal-fetal outcomes such as abortion, dystocia, 
postpartum hemorrhage, macrosomia [3-5]. In the past decades, gestational diabetes mellitus has become one of the 
major complications of pregnant women with reported morbidity in Southwest China as high as 24.5% [6] and its 
prevalence rate trends to rise [7-8]. The risk of GDM is affected by gestational age and pre pregnancy mass index, 
and the prevalence increases with the increase of gestational age and pre pregnancy mass index [9-11]. 

Body composition analysis may be a invasive and feasible method for evaluation of the potential risk of GDM. 
At present, the main method to diagnose GDM is oral glucose tolerance test (OGTT) at 24-28 weeks [12], but be-
fore OGTT to identify the risk of GDM is inconclusive. Therefore, this study is aim to study the clinical application 
value of body composition analysis in the risk assessment of GDM before OGTT. 

2. Subjects and methods 
2.1 Subjects 

Pregnant women who taken regular prenatal examination and delivered in the department of obstetrics in the 
Sixth People's Hospital Affiliated to Shanghai Jiaotong University were included in our study (n=1691). The exclu-
sion criterion for our study were failure to complete OGTT (n=95), individual record is not complete (n=448) or 
lost to follow-up (n=152), used drugs affected glucose or glucose metabolism (n=25). 

2.2 Methods 
Data collected from first prenatal examination to delivery in hospital electronic medical record system and out-

patient measurement record, including age, height, number of pregnancies, number of births, pre-pregnancy weight, 
75 g oral glucose tolerance test (OGTT) results, body composition analysis report, pre-delivery weight, delivery, 
postpartum hemorrhage, neonatal weight. Measurements of the body composition analysis used the bio-electrical 
impedance analysis (BIA) (NQA-Pplus, Sihai Huachen Technology Co. Ltd, Shanxi, China) for individual nutrition 
detection in the department of nutrition in Shanghai Jiao Tong University Affiliated Sixth People’s Hospital. Evalu-
ations were performed before screening for GDM diagnosed by OGTT during 24-28 WG (fasting: 5.1 mmol/L, 1 h: 
10.0 mmol/L, and 2 h: 8.5 mmol/L). Informed consent was waived because of observational nature of the study 
[13]. 

2.3 Grouping 

Subjects were distributed according to the different gestational weeks: early pregnancy (8-13 weeks+6 days), 
middle pregnancy (14-23 weeks+6 days), middle-late pregnancy (24-28 weeks). Pregnant women were divided into 
the common control group (n=840) and GDM group (n=156). The common control groups were divided into three 
groups: the controls in early pregnancy (Con1, n=563), in middle pregnancy (Con2, n=187), in middle-late preg-
nancy (Con3, n=90). Similar to the controls, three subgroups branched from the GDM group: early pregnancy 
(GDM1, n=42), middle pregnancy (GDM2, n=86) and middle-late pregnancy (GDM3, n=28). 

Body mass index (BMI) was calculated used dividing weight by the square of height (kg/m2), and fidelity was 
0.1 kg/m2. BMI<18.5 kg/m2 was classified as lean, 18.5-24 kg/m2 as normal, 24-28 kg/m2 as overweight, and >28 
kg/m2 as obese, according to the BMI classification for Chinese [14]. According to different pre-pregnancy BMI 
calculated in body composition measurement before 28 WG, women were divided into ConBMI1 group (common 
pregnant women with pre-pregnancy BMI<18.5 kg/m2, n=124), ConBMI2 group (common pregnant women with 
pre-pregnancy BMI18.5-23.9 kg/m2, n=448), ConBMI3 group (common pregnant women with BMI 24-27.9 kg/m2, 
n=228), GDMBMI1 group (GDM pregnant women with BMI<18.5 kg/m2, n=24), GDMBMI12 group (GDM 
pregnant women with BMI 18.5-23.9 kg/m2, n=84), GDMBMI3 group (GDM pregnant women with BMI≥24 
kg/m2, n=56). A high pre-pregnancy BMI and excessive gestational weight gain influence maternal and fetal out-
comes [15-16]. To further investigate, according to pre-delivery BMI calculated within fortnight before delivery, 
subjects with paired design were divided into ConBMI4 group (common pregnant women with pre-delivery 
BMI<24 kg/m2, n=563), ConBMI5 (common pregnant women with pre-delivery BMI 24-27.9 kg/m2, n=158), 
ConBMI6 (common pregnant women with pre-deliveryBMI≥28 kg/m2, n=119) and GDMBMI4 group (GDM 
pregnant women with pre-delivery BMI <24kg/m2, n=93), GDMBMI5 group (GDM pregnant women with 
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pre-delivery BMI of 24-27.9 kg/m2, n=45) and GDMBMI6 group (GDM pregnant women with pre-delivery 
BMI≥28 kg/m2, n=18). 

2.4 Statistical analysis 
Kolmogorov Smirnov non-parametric rank sum test was used to test the normality distribution of continuous va-

riables. Data conforming to the normal distribution was expressed by mean ± standard deviation (X±SD) and com-
pared using t test. Categorical variables were expressed by median (25%, 75%) or number of cases (proportion) and 
statistical inference was made by Chi square test or Fisher’s exact test as appropriate. Wilcoxon rank–sum tests was 
used for comparison throughout this study. Kruskal Wallis nonparametric rank sum test was used to compare the 
body fat mass percentage (FMP) of the common and the GDM pregnant women in different pregnancy periods. 
Multiple logistic regression model was used to evaluate the effect of body composition, pre-pregnancy BMI, age 
and other factors on the risk assessment of GDM. Data were analyzed by R environment (version 3.6.0) and SPSS 
(version 21.0) statistical software. P <0.05 was considered statistically significant. 

3. Result 
3.1 Subject Characteristics  

According to inclusion and exclusion criterion, 996 pregnant women obtained with complete pregnancy and 
childbirth data included in this study, including 840 healthy women and 156 pregnant women with GDM. The sub-
ject characteristics are shown in Table 1. Compared with the control group, the age, pre-pregnancy weight and BMI, 
pre-delivery weight and BMI and neonatal weight of the GDM were significantly higher than in the control group 
(P < 0.05). 
3.2 Reference ranges of body composition in different pregnancy periods 

Reference ranges were ranged from 5% to 95% of every component of body compositionmeasured840 common 
pregnant women (Table 2). From first pregnancy to second pregnancy, the body composition of healthy pregnant 
women was mainly increased in protein. Before 24 weeks of gestation, the body composition mainly increased in 
body fat mass, body fat mass percentage (FMP), protein and overall water (P <0.05). Particularly, compared with 
first trimester, FMP of healthy pregnant women increased significantly in second trimester, whereas the GDM 
pregnant women keep steadily high. But into the third trimester, FMP of the control women and GDM pregnant 
women were at the approximate level. 

Table 1. Characteristics of the subjects enrolled in the cohort  
 control group (n=840) GDM group (n=156) P value 

pregnant age (years) 
＜35 year-old 
≥35 year-old 

29.6±4.31 
687 (81.79%) 
153 (18.21%) 

31.86±4.64 
115 (73.72%) 
41 (26.28%) 

0.003349** 
0.043* 
0.012* 

body height (cm) 161.1±4.91 160.9±4.93 0.7092 
time of pregnancy 1.80±0.90 2.20±0.86 0.6751 

delivery 0.35±0.20 0.80±0.43 0.4544 
Gravidity (n/%) 

none 
one or more 

 
637 (75.83%) 
203 (24.17%) 

 
102 (65.38%) 
54 (34.62%) 

 
0.854 
0.671 

pre-pregnancyweight (kg) 54.52±8.09 57.64±8.86 0.0001821** 
pre-pregnancy BMI (kg/m2) 20.98±2.76 22.24±3.08 0.0004173** 

pre-delivery weight (kg) 63.12±5.61 68.93±7.80 0.00108* 
pre-delivery BMI (kg/m2) 26.41±3.02 28.54±3.21 0.00242* 

postpartum hemorrhage (ml) 340.4±151.0 359.6±157.6 0.1881 
way of delivery (n/%) 

vaginal birth 
forceps midwifery 

cesarean 

 
658 (78.33%) 
18 (2.14%) 

164 (19.53%) 

 
88 (56.41%) 

9 (5.77%) 
59 (37.82%) 

 
0.878 
0.672 
0.511 

neonatal birth weight (g) 2665±1369 2963±1225 0.01163* 

Note. PPH: postpartum hemorrhage, n(%): cases (proportion), * P ＜0.05，** P＜ 0.001 
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Table 2. Reference range of body composition in different pregnancy periods 

 11-13 WG (n=563) 14-23WG (n=187) 24-28 WG (n=90) Total (n=840) 

free fat mass (kg) 40.43±3.51 40.78±3.81 44.84±5.39*▲ 40.91±3.96 
free fat mass (kg) 35.89±4.0 36.27±4.30 41.34±5.93*▲ 36.48±4.42 

total body water (kg) 28.56±3.36 28.29±3.30* 32.24±4.62*▲ 28.45±3.45 
ICW (kg) 15.56±2.10 15.75±2.18 18.17±2.87*▲ 15.25±2.27 
ECW (kg) 12.81±1.80 12.82±1.79 14.56±2.4*▲ 12.69±3.24 

Protein (kg) 7.74±0.94 7.98±0.80* 9.21±1.30*▲ 8.03±0.97 
inorganic salts (kg) 4.54±0.90 4.39±1.11 3.48±1.18*▲ 4.43±1.07 

FFM (kg) 14.87±5.14 15.19±5.58* 19.59±5.80*▲ 15.23±5.40 
FMP (%) 22±5.05 23.02±1.51* 26.58±4.69*▲ 23.44±3.42 

Note: WG: week of gestation, ICW: intracellular fluid, ECW: extracellular fluid, FFM: free fat mass, FMP: fat mass percentage. *p＜0.05 
vs11-13WG, ▲p＜0.05 vs14-23WG 

3.3 Comparison of body composition between the control and GDM group women 

Comparing the body components before 28 weeks of gestation, except for inorganic salts, the body components 
(total body water (consist of intracellular fluid (ICW), extracellular fluid (ECW), free fat mass (consist of protein, 
muscular mass), body fat mass (FM) and FMP) of GDM women group were higher than those in the control group 
(P <0.05). Especially, FM and FMP were remarkably significant differences between the control and GDM group 
(P <0.001) (Table 3). 

Table 3. Comparison of body composition between the control and GDM group women 

 control (n=840) GDM (n=156) P value 

free fat mass (kg) 40.91±3.96 2.07±4.27 0.00215 ** 

muscular mass (kg) 36.48±4.42 37.75±4.67 0.00233 ** 

total body water (kg) 28.45±3.45 29.45±3.65 0.00234 ** 

ICW (kg) 15.25±2.27 16.21±0.40 0.0349 * 

ECW (kg) 12.69±3.24 13.23±1.88 0.00142 ** 

protein (kg) 8.03±0.97 8.31±1.03 0.00233 ** 

inorganic salts (kg) 4.43±1.07 4.31±1.17 0.242 

FM (kg) 15.23±5.40 18.21±6.00 0.0000109 *** 

FMP (%) 23.44±3.42 26.53±5.43 0.00000169 *** 

Note. ICW: intracellular fluid, ECW: extracellular fluid, FFM: free fat mass, FMP: fat mass percentage. * P ＜0.05，** P＜ 0.001 

3.4 Comparison of FMP in different pregnancy periods between the control and GDM group 

Table 2 showed that the fat mass gradually increases with gestational weeks, especially in GDM women in-
creased earlier and faster than that of the control. Therefore, the differences of FMP between the control and GDM 
group under different conditions were further discussed. 

Kruskal Wallis non-parametric rank sum test was used to compare FMP of the six groups (Figure 1). Compared 
with the early pregnancy, FMP of GDM women was significantly different with the control (P =0.012), indicating 
that FMP of GDM women was higher than the control level in the early pregnancy or earlier. Before 14-24 weeks, 
FMP has no significant difference in GDM group and normal group (P =0.55 in control and P =0.087 in GDM).In 
contrast, FMP has significant difference between middle-late pregnancy and early pregnancy (P =0.0008 in the 
control and P =0.0034 in GDM group respectively), indicating that FMP during pregnancy increased significantly 
in both the control and GDM women. Compared with the middle pregnancy, FMP of normal pregnant women in 
the middle-late pregnancy increased significantly compared with in the second trimester of pregnancy (P =0.00091), 
whereas GDM women have no difference (P =0.1), indicating that the increase of FMP of normal pregnant women 
was mainly in the middle-late pregnancy rather than in the first trimester of pregnancy. This was also indicated that 
FMP between GDM group and normal group in the second trimester of pregnancy has significant difference (P 
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<0.0001), whereas between GDM group and normal group have no significant difference (P =0.21), showed that 
FMP in the control and GDM pregnant women in the second and third trimester of pregnancy was roughly the same 
level. 

The body composition was compared with the gestation going. In healthy pregnant women, there was no signifi-
cant difference in FMP between early pregnancy and middle pregnancy (P =0.55). While middle pregnancy to mid-
dle-late pregnancy has significant change (P =0.00091) and between early pregnancy and middle-late pregnancy (P 
=0.0008). In GDM women, there was no difference in FMP between early pregnancy and middle pregnancy (P 
=0.087), and between middle pregnancy and middle-late pregnancy (P =0.1), but there was a difference from early 
pregnancy to middle-late pregnancy (P =0.0034). 

Compared the same pregnancy stage, FMP has significant difference in early and middle pregnancy between 
common pregnant women and GDM pregnant women group (P=0.012 in early pregnancy and P =0.00000019 in 
middle pregnancy). In the middle-late pregnancy, the body fat mass of normal pregnant women and GDM women 
increased to a appropriate level without statistical difference (P=0.21). 

 
Figure 1. Comparison and change of body fat mass percentage (FMP) in different pregnancy. 

Note: Con1: the controls in early pregnancy, Con2: the controls in middle pregnancy, Con3: the controls in middle-late pregnancy, GDM1: the GDM 
women in early pregnancy, GDM2: the GDM women in middle pregnancy, GDM3: the GDM women in middle-late pregnancy. 

3.5 Comparison of body fat mass percentage (FMP) of between women with different prepregnancy 
BMI 

Based on different pre pregnancy BMI, I grouped the subjects in healthy and GDM pregnant women (Table 5). 
Kruskal Wallis nonparametric rank sum test was used to compare the body fat mass percentage (FMP) between the 
above two groups (Figure 2). Taking the lean normal group (ConBMI1) as the benchmark, it can be found that only 
the lean control group (ConBMI1) and the lean GDM group (GDMBMI1) have no significant difference in body fat 
mass percentage (FMP) (P = 0.28). The other groups are compared in pairs, including the lean and the normal BMI 
women in control group, the lean control group and the overweight obesity control group, the control weight con-
trol group and the control weight GDM group. There was significant difference between overweight group and ob-
ese control group (GDM<0.01), which indicated that FMP had predictive values of being a risk factors of GDM in 
women with pre pregnancy BMI <18.5kg/m2. 
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Figurer 2. Body fat mass percentage (FMP) of pregnant women in different pre-pregnancy BMI. 

Note. ConBMI1: the control group women with pre-pregnancy BMI <18.5 kg/m2, ConBMI2: the control group women with pre-pregnancy BMI 
24-27.9 kg/m2, ConBMI3: the control group women with pre-pregnancy BMI I≥28 kg/m 2, GDMBMI1: GDM pregnant women with pre-pregnancy 
BMI <18.5 kg/m2, GDMBMI2: GDM pregnant women with pre-pregnancy BMI 24-27.9 kg/m2, and GDMBMI3: GDM pregnant women with 
pre-pregnancy BMI ≥28 kg/m2. 

3.6 Comparison of FMP between women with different prenatal BMI 

Kruskal Wallis non-parametric rank sum test was used to compare the body fat mass percentage (FMP) between 
the groups (Figure 3). FMP between prenatal overweight (24≤ BMI <30kg/m2) and obese (BMI ≥30kg/m2) preg-
nant women with GDM has found no significant difference (P =0.052). In prenatal obese pregnant women, there 
was no significant difference in FMP between control group (ConBMI6) and GDM group (GDMBMI6) (P =0.05). 
Except above, FMP have significant differences between paired groups (all P <0.01). 

 
Figure 3. Body fat mass percentage (FMP) of pregnant women in different pre-delivery BMI. 

Note. ConBMI1: the control group women with pre-delivery BMI <18.5 kg/m2, ConBMI2: the control group women with pre-delivery BMI 24-27.9 
kg/m2, ConBMI3: the control group women with pre-delivery BMI I≥28 kg/m 2, GDMBMI1: GDM pregnant women with pre-delivery BMI <18.5 
kg/m2, GDMBMI2: GDM pregnant women with pre-delivery BMI 24-27.9 kg/m2, and GDMBMI3: GDM pregnant women with pre-delivery BMI 
≥28 kg/m2. 
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3.7 ROC curve of body components to evaluate the risk of GDM 

To obtain cut-off values, I defined GDM as the dependent variable, body composition with differences (see in ta-
ble 2) as dependent variables to draw receiver-operating characteristic (ROC) curves. Areas under receiv-
er-operating characteristic curves (AUCs) were determined with standard linear regression using one-standard error 
rule method. The maximum AUCs of GDM judged by FMP was 0.621, the corresponding cut-off value was   
24.63% (sensitivity (SE) 86.0%, specificity (SP) 35.8%), indicating that when FMP was as high as 24.63%, the 
sensitivity and specificity of GDM are 86.0% and 35.8% (Fig. 5). The maximum AUCs of GDM judged by body 
fat mass was 0.61 (cut-off value was 13.500kg, SE 79.3%, SP 40.2%) (Fig. 4), judged by intracellular fluid (ICW) 
was 0.545 (cut-off value 14.810kg, SE71.1%, SP40.7%), judged by extracellular fluid (ECW) was 0.544 (cut-off 
value 12.795kg, SE 48.2%, SP 61.2%), judged by total body water was 0.544 (cut-off value 27.745kg, SE 64.5%, 
SP 46.9%), judged by protein was 0.544 (cut-off value 7.825kg, SE 64.5%, SP 46.9%), judged by muscular mass 
was 0.544 (cut-off value 35.570kg, SE 64.5% SP 46.9%). 

 
Figure 4. ROC curve of body fat mass in diagnose GDM. 

 
Figure 5. ROC curve of body fat mass percentage (FMP) in diagnose GDM. 
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3.8 Logistic regression analysis of multiple risk factors of GDM 

According to the above research, the cut-off value of factors with statistical differences between the control and 
GDM group are obtained by ROC curve, namely age ≥ 35 years old, pre-pregnancy BMI ≥28 kg/m2, FMP ≥ 
24.63%, FM ≥13.5kg, intracellular fluid ≥ 14.81kg, extracellular fluid volume ≥ 12.795kg, total water ≥ 35.57kg, 
protein ≥ 7.825kg. Taking age, pre pregnancy BMI, FMP, body fat mass, intracellular fluid, extracellular fluid, total 
water, protein and other body components as independent variables and GDM as dependent variables, using non-
parametric logistic multiple regression analysis, we obtained parameters and their confidence index (CI), namely 
the age (OR 2.03,95% CI (1.30, 3.14), P=0.00168 **), body fat mass percentage (FMP) (OR=1.14, 95% confidence 
interval (CI) (1.07, 1.21), P=0.0000139770 ***), pre-pregnancy BMI (OR 2.30, 95% CI (1.80, 2.44), P=0.00062 
**), intracellular fluid (OR=1.32,95% CI (1.01, 1.75), P= 0.49 *). 

According to the logistic nonparametric regression model, after adjusting for other insignificant or interactive ef-
fects, the ≥35 year-old pregnant women has 2.03 times higher risk of GDM than＜35yr pregnant women, the 
overweight or obese pregnant women has 2.30 times higher risk of GDM than that in normal pregnant women, the 
pregnant women with high FMP (≥24.63%) has 1.14 times higher risk of GDM than that in normal pregnant wom-
en. Age ≥ 35 years old, pre-pregnancy BMI ≥28 kg/m2, FMP ≥24.63%, intracellular fluid ≥14.81 kg can be marked 
as the high-risk factors of GDM before 28 weeks of pregnancy. 

3.9 pregnancy outcomes in different FMP women 

In this study, the control pregnant women have 669 (80.95%) cases FMP<24.63%, whereas ≥ 24.63% have 171 
(19.45%). Women with GDM only have 50 cases (32.05%) cases the FMP<24.63%, whereas ≥ 24.63% have 106 
(67.95%). 

In terms to delivery, between women with body fat mass percentage (FMP) < 24.63% and ≥ 24.63%, spontane-
ous delivery have 626 subjects (85.75%) and 120 cases (45.11%), delivery assisted by forceps have 9 cases (1.23%) 
and 18 cases (6.77%), cesarean have 95 cases (13.01%) and 128 cases (48.12%), respectively. In terms to pregnan-
cy outcome, between women with body fat mass percentage (FMP) < 24.63% and ≥ 24.63%, postpartum hemorr-
hage have 15 cases (2.05%) and 42 cases (15.79%), delivery macrosomia have 8 cases (1.10%) and 10 cases 
(3.76%), cesarean have 95 cases (13.01%) and 128 cases (48.12%), respectively. It is a statistic difference in post-
partum hemorrhage (P= 0.013*) and infant birth weight (macrosomia newborns P = 0.001, low birth weight new-
borns P= 0.047*) (Table 7). 

Body fat mass and FMP are components of body composition may be used for prognosticating GDM before 
done OGTT gestation, which have good sensitivity for risk screening. 

Table 7. Pregnancy outcomes in different body fat mass percentage (FMP) group 

 FMP＜24.63% (n=730) FMP≥24.63% (n=266) P value 
subjects(n/%) 

control 
GDM 

 
680(93.15%) 
50(6.85%) 

 
160(60.20%) 
106(39.80%) 

 
0.043* 
0.054 

delivery(n/%) 
spontaneous delivery 
assisted by forceps 

cesarean 

 
626(85.75%) 

9(1.23%) 
95(13.01%) 

 
120(45.11%) 
18(6.77%) 

128(48.12%) 

 
0.009** 
0.012* 

0.0045** 
postpartum hemorrhage(n/%) 15(2.05%) 42(15.79%) 0.013* 

macrosomia(n/%) 15(2.05%) 39(14.67%) 0.001** 
low birth weight newborns(n/%) 8(1.10%) 10(3.76%) 0.047* 

Note: body fat mass percentage (FMP), * P ＜0.05，** P＜ 0.001 

4. Discussion 
4.1 Changes in body composition during pregnancy 

This study showed that normally the body composition including the body fat, total water and protein increase 
gradually during the whole pregnancy. Particularly, body fat mass and its percentage increase rapidly before 24 
weeks of pregnancy, whereas increase in the GDM women is earlier and faster. A clinical study [17] evaluated the 
body composition of pregnant women found that the total body water and body fat gradually increased significantly 
compared in 12-14 weeks, 20-18 weeks and 34-38w of gestation, which support to this study. The body fat mass 
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increases linearly throughout pregnancy in women whose pre-pregnancy 18.5≤ BMI <24.9 kg/m2, with an average 
increase of two kilogram every three months [18]. The weight gain during pregnancy is mainly related to the in-
crease of fat mass [19-21]. Lederman et al. [34] found that women with 19.8≤ BMI <26 kg/m2 and weight gain 
within the recommended range (11.5- 16 kg) added about 4 kg of body fat during 14-37 weeks of gestation, that 
underweight or overweight women was 6.0kg and 2.8kg, respectively. The increase of fat free weight within the 
first and second pregnancy is 7-8 kg, which has no statistical difference among women with different pre pregnancy 
BMI [22]. 

In term to body composition changing from the first pregnancy to second pregnancy, FMP of women with GDM 
did not increase significantly (P = 0.55), while the healthy pregnant women increased significantly (P = 0.00091), 
suggesting that FMP of the GDM women was at a high level in the first pregnancy or even before pregnancy. A 
study [23] found that the fat mass of healthy pregnant women changed slightly in the early pregnancy and greatly 
raised in the third pregnancy, which is consistent with our study. 

4.2 Relationship of FMP between the common and GDM women 

In this study, FMP in the first pregnancy was statistically different between the common pregnant and GDM 
women (P=0.012) but arrived in the approximately same level in the third trimester (P = 0.21). Some studies be-
lieve that rapidly increased fat mass during pregnancy makes the body in a high metabolic stress state and may be a 
possible risk factor result to GDM [24-25]. Body composition analysis can be considered used to evaluate the risk 
of GDM in pregnant women before they done OGTT at 24-28 weeks of gestation. 

4.3 Pre-pregnancy and prenatal BMI influence prediction in pregnant women 

It should be noted that the pre-pregnancy in this study is not calculated by the weight before pregnancy and 
height, including calculated in the first trimester (n=605, 60.74%) and second trimester, maybe its a limitation of 
this study though a study [26] found that body mass index (BMI) of fertile women was no significant difference 
between the first trimester (before 14 weeks gestation) and before pregnancy.  

In low-weight pregnant women with pre-pregnancy BMI <18.5kg/m2, FMP was no significant difference be-
tween the control group and GDM group (P = 0.28), implying that FMP has insufficient ability to predict the risk of 
GDM for them. FMP is not recommended as an evaluation index for the risk of GDM in low-weight pregnant 
women. A study of 97157 Japanese subjects showed that the probability of GDM occurrence increased with the 
high pre-pregnancy BMI [27]. 

Compared different prenatal BMI in GDM and common pregnant women, FMP was no significant difference 
between overweight and obese pregnant women. High FMP is common in prenatal overweight and obese pregnant 
women, but more common in GDM women compared with the control. This is consistent with Kawanabe’s find-
ings that obesity is an independent risk factor for diabetes mellitus [28]. 

4.4 Clinical application value of body composition analysis in evaluating the risk of GDM 
This study found that pregnant women with body fat mass percentage (FMP) ≥24.63% had a higher incidence of 

adverse pregnancy outcomes. All pregnant women, especially obese pregnant women, have received regular di-
abetes education, dietary guidance and weight management during pregnancy recruitment, which may have some 
influence on the results of body composition analysis in the second trimester. A prospective study with 2698 preg-
nant women suggested that FMP >25% could be a cut-off value used in evaluating risk level of gestational diabetes 
[29]. A multiethnic group study analyzed body composition in 728 pregnant women at 15 and 28 weeks’ gestation 
showed that body weight and body fat mass were positively correlated with gestational diabetes occurrence, for 
overall gain weight increased by 0.21 kg/ weeks increased 1.23 fold high risk in GDM occurrence [30], which is 
similar to this study. 

This study found that age, FMP and high intracellular fluid were the high risk factors of GDM. Age is an inde-
pendent risk factor for GDM [31-33] may because they often have decreased insulin sensitivity, abnormal lipid me-
tabolism and impaired glucose tolerance [34-35]. Overweight/obese women with age 35 years had 2.45 times high-
er risk of GDM and having excessive GWG at second trimester further increased the risk of GDM [36]. A prospec-
tive cohort study of 154 GDM pregnant women and 981 healthy pregnant women found that body fat, muscle mass 
and extracellular fluid were positively correlated with gestational diabetes risk at 21~24 weeks of pregnancy, and 
body weight, muscle mass and intracellular fluid were negatively correlated with gestational diabetes risk [37]. A 
prospective study in Japan found insulin resistance in GDM patients with low muscle /fat mass ratio calculated by 
body composition analysis [38]. 
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5. Conclusion 
Human body composition analysis can be a invasive, convenient method used to assess the risk of gestational 

diabetes mellitus (GDM) in pregnant women before done OGTT at 24-28 weeks of gestation, so as to do early in-
tervention measures to prevent GDM occurrence, prevent maternal-fetal adverse outcomes and provide better more 
health care services. 
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