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Abstract

Background Previous studies have suggested that maternal overweight/obesity is asscociated with macrosomia.
The present study aimed to investigate the mediation effects of fasting plasma glucose (FPG) and maternal
triglyceride (mTG) in the relationship between maternal overweight/obesity and large for gestational age (LGA)
among non-diabetes pregnant women.

Methods This prospective cohort study was conducted in Shenzhen from 2017 to 2021. A total of 19,104 singleton
term non-diabetic pregnancies were enrolled form a birth cohort study. FPG and mTG were measured at 24-28
weeks. We analyzed the association of maternal prepregancy overweight/obesity with LGA and mediation effects of
FPG and mTG. Multivariable logistic regression analysis and serial multiple mediation analysis were performed. The
odds ratio (OR) and 95% confidence intervals (Cls) were calculated.

Results Mothers who were overweight or obese had higher odds of giving birth to LGA after adjusting potential
confounders (OR:1.88, 95%Cl: 1.60-2.21; OR:2.72, 95%Cl: 1.93-3.84, respectively). The serial multiple mediation analysis
found prepregnancy overweight can not only have a direct positive effect on LGA (effect=0.043, 95% Cl: 0.028-0.058),
but also have an indirect effect on the LGA through two paths: the independent mediating role of FPG (effect =0.004,
95% Cl: 0.002-0.005); the independent mediating role of mTG (effect=0.003,95% Cl: 0.002-0.005). The chain
mediating role of FPG and mTG has no indirect effect. The estimated proportions mediated by FPG and mTG were
7.8% and 5.9%. Besides, the prepregnancy obesity also has a direct effect on LGA (effect=0.076; 95%Cl: 0.037-0.118)
and an indirect effect on LGA through three paths: the independent mediating role of FPG (effect =0.006; 95%Cl:
0.004-0.009); the independent mediating role of mTG (effect=0.006; 95%Cl: 0.003-0.008), and the chain mediating
role of FPG and mTG (effect=0.001; 95%Cl: 0.000-0.001). The estimated proportions were 6.7%, 6.7%, and 1.1%,
respectively.
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Conclusion This study found that in nondiabetic women, maternal overweight/obesity was associated with the
occurence of LGA, and this positive association was partly mediated by FPG and mTG, suggesting that FPG and mTG
in overweight/obese nondiabetic mothers deserve the attention of clinicians.
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Background

Large for gestational age (LGA), defined as birth-
weight>90th percentile for gestational age, can cause
several maternal and fetal complications [1]. LGA is asso-
ciated with an increased risk of cesarean birth, protracted
labor, uterine rupture, postpartum hemorrhage and
infection in mothers, as well as with shoulder dystocia
and brachial plexus nerve injury in newborns [2—4]. Mac-
rosomic newborns are more likely than normal-weight
newborns to be overweight and obese later in life [5], and
LGA offspring have a higher risk of developing condi-
tions related to metabolic syndrome, such as hyperten-
sion, glucose intolerance, and dyslipidemia [6].

Pregestational BMI was shown to have a strong influ-
ence on the lipid profile, insulin resistance, and fatty acids
[7]. Obesity in pregnancy is associated not only with
marked hyperinsulinemia (in advance of glucose dys-
regulation) and abnormal lipids but also with impaired
endothelial function and inflammatory upregulation [8].
Maternal obesity, independent of gestational diabetes
mellitus (GDM), is associated with excessive fetal growth
[9, 10].

Gestational diabetes mellitus is considered the most
important risk factor for macrosomia, with approxi-
mately 15-45% of macrosomic babies born to mothers
with GDM [11]. Hyperglycemia is a recognized meta-
bolic factor that can lead to an unfavorable intrauter-
ine environment and ultimately to fetal overgrowth [12,
13]. Women with higher fasting plasma glucose (FPQG)
levels in the second trimester were reported to have
increased risks of delivering LGA babies [14]. However,
high plasma glucose levels in patients who do not meet
the diagnostic criteria for GDM are also associated with
macrosomia and excess fetal weight [12, 15]. From clini-
cal practice experience, even good glycemic control does
not necessarily prevent fetal growth acceleration, espe-
cially in obese women [16]. It has therefore been assumed
that other nonglucose metabolic parameters, such as
maternal hypertriglyceridemia, may also regulate the
birth weight of newborns [17].

As a typical metabolic feature, it is necessary to gradu-
ally increase the lipid profile used for fetal growth and
development [18]. In overweight and obese mothers with
GDM, maternal triglycerides (mTG) are partially respon-
sible for LGA infants despite good maternal glucose con-
trol during pregnancy [19]. It is also well documented
that elevated maternal triglyceride levels are associated
with fetal birth weight, leading to excessive fetal growth

and ultimately macrosomia [20], even in nondiabetic
mothers [21].

Higher fasting glucose levels and hyperlipidemia
are well-known results of maternal overweight/obe-
sity, as well as contributing factors for increased fetal
size, implying that FPG and mTG might have mediating
effects in these causal pathways. Based on the available
evidence and current obesity epidemic, the hypothesis
that the association of maternal BMI with LGA is medi-
ated through maternal circulating fuels (FPG and mTG)
during pregnancy is plausible and that further determin-
ing which circulating fuels are important mediators of
these relationships is crucial. Considering the complex
effect of GDM on lipid changes during pregnancy [22],
this large, hospital-based cohort study focused on non-
diabetic women. These findings might help to explain the
mechanism by which maternal obesity leads to LGA in
nondiabetic pregnancies.

Method and materials

Study population

In our study, all participants were recruited from Shen-
zhen Maternal and Childcare Hospital in Shenzhen,
southern China. Pregnant women who had a single-
ton gestation were invited to join this study at their first
prenatal clinic visit from 2017 to 2021 and intended to
continuously receive prenatal care throughout preg-
nancy at the study hospital. Owing to missing data and
some participants meeting the exclusion criteria, 19,104
pregnant women without diabetes who delivered term
singleton babies and had complete information avail-
able were finally included in the analysis, and the rea-
sons for exclusion were as follows: (i) diseases including
prepregnancy hypertension and prepregnancy diabetes,
hyperlipidemia, antiphospholipid antibody syndrome or
polycystic ovarian syndrome (n=1421); (ii) incomplete
basic information (n=194); (iii) no available triglycer-
ide measurements or fasting glucose levels from 24 to
28 weeks (n=39,086); (iv) meeting the IADPSG criteria
[23] for GDM (n=5402); (v) a diagnosis of gestational
hypertension (n=256); and (vi) nonterm birth or still-
birth (n=1042). The study design and research flowchart
are shown in Fig. 1. The study was conducted in accor-
dance with the principles of the Declaration of Helsinki
and granted by the Ethical Review Boards of Shenzhen
Maternal and Childcare Hospital (Approval number:
Shenzhen Maternal and Child Ethics Review No. 23).
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Singleton pregnant women enrolled
during pregnancy (n=66505)

Excluded(n=1421):

Prepregnancy hypertension,
Prepregnancy diak Hyperlipidemia,
Antiphospholipid antibody syndrome,
Polycystic ovarian syndrome
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Potentially eligible for inclusion
(n=65084)

Excluded(n=39280):

_|Incomplete information(n=194) ,

Without available triglyceride measurements or
fasting glucose level during 24-28 weeks(n=39086)

4
| Pregnant women remained

(n=25804)
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.| Diagnosed with gestational diabetes(n=5402),
Diagnosed with gestational hypertension(n=256),
Nonterm birth or stillbirth(n=1042)

A 4

Pregnant women were included in the
final analysis (n=19104)

Fig. 1 Flow chart of conclusion of study participants

Data collection
Before data collection, written informed consent was
obtained from all participants. Maternal demographic
characteristics were collected through structured ques-
tionnaires at the first antenatal care visit. Research
assistants collected data regarding education (schooling
years<12 years or >12 years), maternal age (<35 years,
235 years), parity (primipara or multipara), alcohol con-
sumption (yes or no), smoking (yes or no), Han national-
ity (yes or no), family history of diabetes (yes or no), and
previous GDM history (yes or no). Maternal BMI was
calculated based on measured weight (kg) and height (m)
with light clothing and no shoes on at the first antenatal
visit (before 12 weeks of pregnancy). Prepregnancy BMI
was calculated based on height and prepregnancy weight
(BMI=weight/height?), the exposure of interest in this
study. Pregnant women were divided into four groups
according to the prepregnancy BMI levels based on the
Chinese criteria, with normal weight as the reference
[24]: the underweight group (BMI<18.5), normal weight
group (18.5<BMI<24), overweight group (24 <BMI<28)
and obesity group (BMI>28). Maternal weight (kg)
before delivery was obtained from electronic medi-
cal records. We subtracted the antenatal prepregnancy
weight from the body weight at delivery as gestational
weight gain. Clinical characteristics, including maternal
medical disorders (e.g., the diagnosis of GDM) and labo-
ratory tests, including fasting glucose levels and triglyc-
eride levels from 24 to 28 weeks, were extracted from the
electronic medical record system.

Infant characteristics, including sex, birth weight, ges-
tational age at delivery, delivery mode (including vaginal
delivery and cesarean section) and perinatal outcomes,
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Fig. 2 Serial meditation model for maternal overweight/obesity, FPG lev-
els, mTG and LGA

were abstracted from neonatal medical records. Ges-
tational age was calculated based on the date of the last
menstrual period. When the difference between the ges-
tational age calculated at the last menstrual period and
the gestational age adjusted by early ultrasound exami-
nation was more than two weeks, the ultrasound results
were used. According to birth weight and gestational age,
newborns were classified into non-LGA (AGA and SGA)
and LGA groups. Those with birthweights above the 90th
percentile were classified as LGA, and their birth weights
below the 10th percentile were defined as SGA, based on
gestational age birthweights from NICHD [25]. AGA was
defined as birth weights that met or exceeded the 10th
percentile and fell below the 90th percentile for gesta-
tional age.

Statistical analysis

The data for baseline characteristics of the participants
are presented as the means+ SDs for continuous variables
and as frequencies and percentages for categorical vari-
ables. Independent sample t tests, Pearson’s chi-square
tests or Fisher’s exact test were used to analyze the dif-
ferences in continuous variables and categorical variables
between two groups. Multiple logistic regression analyses
were used to estimate the ORs and 95% Cls for LGA in
different BMI categories, and the results are presented
as odds ratios (ORs) with 95% confidence intervals (ClIs).
To prove whether there were serial multiple mediation
effects of FPG and mTG between prepregnancy BMI
and LGA, we used R software to calculate these effects.
The envisioned schema diagram is shown in Fig. 2 below.
The ideograph of the total (Path c), direct (Path ¢’), and
indirect (Path al, a2, a3, b1, b2) effects of the association
between the exposure (X) and the outcome (Y). To test
whether indirect effects exist, we set the bootstrap confi-
dence interval (CI) to 95%, and the number of bootstrap
samples was 5,000. If zero was not included in the 95%
Cl interval, it indicated that the mediating effect was sig-
nificant. The total effect of prepregnancy BMI categories
on LGA was then calculated by summing the direct effect
and the total indirect effect of BMI category. The percent
mediation for each indirect effect was then calculated by
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dividing the indirect effect of each mediator by the total
effect (direct and total indirect effects) of prepregnancy
BMI. All statistical analyses were conducted using R ver-
sion 4.1.2. All analysis p values<0.05 were defined as sig-

nificantly different.

Table 1 Maternal and infant characteristic distributions among

LGA and non-LGA infants

Meternal and Total births  Non-LGA LGA p
Infant n=19,104 n=17,876 n=1228
Characteristic
BMI, 20.8 (2.6) 20.8 (2.6) 22.0(2.8) <0.001
mean(SD)
BMI group, n (%)
Underweight 3169 (16.6%) 3086 (17.3%) 83 (6.8%) <0.001
Normal 13,735 (71.9%) 12,863 (72.0%) 872 (71.0%)
Overweight 1904 (10.0%) 1675 (9.4%) 229 (18.6%)
Obese 296 (1.5%) 252 (1.4%) 44 (3.6%)
Maternal age, n (%) <0.001
<35 15,181 (79.5%) 14,348 (80.3%) 833 (67.8%)
>35 3923 (20.5%) 3528(19.7%) 395 (32.2%)
Alcohol drinking, n (%) 0616
No 18,832(98.6%) 17,624 (98.6%) 1208 (98.4%)
Yes 272 (14%) 252 (1.4%) 20 (1.6%)
Smoking, n (%) 0.132
No 19,094 (99.9%) 17,868 1226 (99.8%)

(99.96%)
Yes 10 (0.1%) 8 (0.04%) 2 (0.2%)
Parity, n (%) <0.001
Primipara 10,945 (57.3%) 10,457 (58.5%) 488 (39.7%)
Multipara 8159 (42.7%) 7491 (41.5%) 740 (60.3%)
Education, n (%) 0482
<12 years 8194 (42.9%) 7655 (42.8%) 539 (43.9%)
>12 years 10,910 (57.1%) 10,221 (57.2%) 689 (56.1%)
Delivery mode, n (%) <0.001
Vaginal delivery 12,061 (63.1%) 11,597 (64.9%) 464 (37.8%)
Cesarean 7043 (36.9%) 6279 (35.1%) 764 (62.2%)
delivery
Gestational 13.8(4.1) 137 (4.0) 153 (4.3) <0.001
weight gain,
mean (SD)
Family history of diabetes, n (%) 0476
No 18,226 (95.4%) 17,060 (95.4%) 1166 (95.0%)
Yes 878 (4.6%) 816 (4.6%) 62 (5.0%)
Previous GDM history, n (%) 0.202
No 19,091(99.9%) 17,865(99.9%) 1226(99.8%)
Yes 13(0.1%) 11 (0.1%) 2(0.2%)
Nationality, n (%) 0.805
Han 18,405 (96.3%) 17,224 (96.4%) 1181 (96.2%)
Others 699 (3.7%) 652 (3.6%) 47 (3.8%)
Infant sex, n (%) <0.001
Male 9934 (52.0%) 9072 (50.7%) 862 (70.2%)
Female 9170 (48.0%) 8804 (49.3%) 366 (29.8%)
Neonatal BW, 3304.2 (381.0) 3258.0(341.8) 3976.8 <0.001
mean (SD) (272.6)
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Results

Maternal and infant characteristics

We finally included 19,104 women, 1228 of whom deliv-
ered LGA infants. Table 1 shows the maternal and infant
characteristics of our study population. The prevalence of
LGA in this research was 6.4%. The proportion of mater-
nal age>35 years was 32.2% in mothers with LGA infants
and 19.7% in the control group. As expected, the prepreg-
nancy BMI of mothers delivering LGA infants was signif-
icantly higher than that of mothers in the control group
(22.0£2.8 vs. 20.8+2.6, p<0.001). In addition, there was
a greater proportion of overweight/obese women with
LGA (18.6% vs. 9.4%, 3.6% vs. 1.4%, p<0.001). The inci-
dence of cesarean section was more frequent in mothers
with LGA infants than in mothers with non-LGA infants
(62.2% vs. 35.1%, p<0.001). Multiparous women had a
higher proportion of LGA than primiparous pregnant
women (60.3% vs. 39.7%, p<0.001). Mothers with LGA
infants had higher gestational weight gain than mothers
in the control group (15.3%+4.3 vs. 13.7+4.1, p<0.001).
There were higher birth weights among women with
LGA (3976.81272.6 vs. 3258.01341.8, p<0.001). There
were no statistically significant differences between the
LGA and non-LGA groups in maternal educational years,
alcohol consumption, smoking, previous GDM his-
tory, nationality or family history of diabetes (p=0.482;
p=0.616; p=0.132; p=0.202; p=0.805 p=0.476,
respectively).

Maternal prepregnancy BMI and the risk of LGA

A logistic regression model was fitted to explore the rela-
tionship between maternal BMI category and the risk
of LGA (Table 2). Adjustments were made for maternal
age, education years, gestational weight gain, delivery
mode, family history of diabetes, previous GDM history,
nationality and parity. Women with underweight in ref-
erence to normal prepregnancy BMI had lower odds for
LGA (adjusted odds ratios (AOR)=0.47; 95% confidence
intervals (CI)=0.37-0.60). In contrast, women with over-
weight or obesity prepregnancy BMI had higher odds
for LGA (AOR=1.88; 95% CI=1.60-2.21, AOR=2.72;
95% CI=1.93-3.84, respectively). After further adjust-
ment for fasting plasma glucose level and maternal tri-
glycerides from 24 to 28 weeks, the odds ratios for LGA
according to maternal BMI were 0.51 (95% CI 0.41-0.65)
for underweight mothers and 1.71 (95% CI 1.46-2.01) for
overweight mothers. The offspring of mothers who were
obese (AOR 2.33, 95% CI 1.64-3.29) had a significantly
higher risk of LGA.

Testing for the significance of designed model

The analysis results are presented in Table 3. The asso-
ciation between overweight/obesity and FPG was
significant, as the Path al effect was 0.087 (95% CI,
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Table 2 Logistic regression of the correlation between maternal
prepregnancy BMI categories and LGA

BMI Category Model 1 Model 2
Adjusted P Adjusted P
odds ratio odds ratio
(95%Cl) (95%Cl)
Underweight 047 (037, <0.001 051047, <0.001
0.60) 0.65)
Normal Ref. - Ref. -
Overweight 1.88 (1.60, <0001 1.71(1.46, <0.001
2.21) 2.01)
Obesity 2.72(1.93, <0001 233(1.64, <0.001
3.84) 3.29)

Model 1, adjusted for maternal age, education years, gestational weight gain,
delivery mode, family history of diabetes, previous GDM history, nationality and
parity; Model 2, further adjusted for fasting plasma glucose level and maternal
triglycerides based on Model 1

0.072-0.102) and 0.153 (95% CI, 0.116—0.190). The
association between overweight/obesity and mTG was
also significant, as the Path a2 effect was 0.243 (95% CI,
0.204-0.283) and 0.349 (95% CI, 0.256—0.442). In both
overweight and obese individuals, FPG was related to
mTG due to Path a3 effects of 0.232 (95% CI, 0.192—
0.272) and 0.217 (95% CI, 0.175-0.259), respectively.
Path b1, with effects of 0.042 (95% CI, 0.029-0.054) and
0.039 (95% CI, 0.027-0.052), confirmed that FPG was
significantly associated with LGA in both overweight and
obese women. In addition, mTG also had a relationship
with the occurrence of LGA, with path b2 effects of 0.014
(95% CI, 0.009-0.019) and 0.016 (95% CI, 0.011-0.021)
among overweight and obese women, respectively.
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Serial multiple mediation analysis of prepregnancy BMI
and LGA

The serial multiple mediation analysis results of pre-
pregnancy BMI and LGA on FPG and mTG are shown
in Table 4. The estimates of the total, direct and indirect
effects in the association with maternal overweight/obe-
sity on fetal LGA with FPG and mTG at 24-28 weeks
as mediators were significant. All three indirect and
direct paths were also significant in overweight and
obese women. Specifically, in prepregnancy overweight
women, the total effect (Path c) of overweight on LGA
was 0.051 (95% CI, 0.035-0.065; p<0.001), including a
direct effect pathway (Path c’) of 0.043 (95% CI, 0.028—
0.058; p<0.001) and three indirect effect pathways. The
first indirect pathway mediated the effect of prepreg-
nancy overweight on LGA mediated by FPG, with an
effect value of 0.004 (95% CI, 0.002—0.005; p<0.001). The
second indirect pathway was significantly mediated by
mTGQG, with an effect value of 0.003 (95% CI, 0.002—-0.005;
p<0.001). The third indirect pathway was that the effect
of prepregnancy overweight on LGA was significantly
mediated by both FPG and mTG, with an effect value of
0.000 (95% CI, 0.000—0.000; p<0.001). The mediated pro-
portions were 7.8%, 5.9%, and 0% through the three indi-
rect pathways. Additionally, prepregnancy obesity not
only had a direct positive effect (Path ¢’) on LGA with an
effect value of 0.076 (95% CI, 0.037-0.118; p<0.001) but
also had an indirect effect on LGA through three paths:
the independent mediating role of FPG (effect=0.006;
95% CI: 0.004—0.009); the independent mediating role of
mTG (effect=0.006; 95% CI: 0.003—-0.008); and the chain
mediating role of FPG and mTG (effect=0.001; 95% CI:
0.000-0.001). The total effect (Path c) of prepregnancy

Table 3 Testing for the designed model of the relationship between prepregnancy overweight/obesity and LGA

Pathway Overweight Obesity

Effect SE LLCI uLci Effect SE LLCI uLci
Path at 0.087 0.008 0.072 0.102 0.153 0.019 0.116 0.190
Path a2 0.243 0.020 0.204 0.283 0.349 0.048 0.256 0442
Path a3 0.232 0.021 0.192 0272 0217 0.021 0.175 0.259
Path b1 0.042 0.006 0.029 0.054 0.039 0.007 0.027 0.052
Path b2 0.014 0.002 0.009 0.019 0.016 0.003 0.011 0.021

Path a1-3 and Path b1-2 are all adjusted for maternal age, education years, gestational weight gain, delivery mode, family history of diabetes, previous GDM history,

nationality and parity

Table 4 Mediating effects of FPG/mTG on the association between prepregnancy overweight/obesity and fetal LGA

BMI Total Effect  Direct Effect Indirect 1 Indirect 2 Indirect 3

Category (c) (c’) Indirect Effect Mediated Indirect Effect Mediated Indirect Effect Mediated
(95% ClI) (95% ClI) (95% Cl) Proportion (95% Cl) Proportion (95% Cl) Proportion

Overweight 0.057%** 0.043%** 0.004%** 7.8% 0.003%*** 5.9% 0.000%** 0%
(0.035,0.065)  (0.028,0.058)  (0.002, 0.005) (0.002, 0.005) (0.000, 0.000)

Obesity 0.089*** 0.076%** 0.006%** 6.7% 0.006*** 6.7% 0.001*** 1.1%
(0.050,0.130)  (0.037,0.118)  (0.004, 0.009) (0.003, 0.008) (0.000, 0.001)

Indirect 1, Overweight/Obesity — FPG — LGA; Indirect 2, Overweight/Obesity — mTG — LGA; Indirect 3, Overweight/Obesity — FPG— mTG — LGA; * p<0.05, **

p<0.01, *** p<0.001
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obesity on LGA was 0.089 (95% CI, 0.050-0.130;
p<0.001). The estimated proportions were 6.7%, 6.7%,
and 1.1%, respectively.

Discussion

In our population-based study, we explored the rela-
tionship of prepregnancy BMI with LGA in Chinese
reproductive-age women. Previous studies have shown
that prepregnancy maternal underweight increased
the risk of low birth weight babies, while overweight or
obesity increased the risk of large size babies [26]. Simi-
larly, according to a cohort study from Poland, compared
with normal BMI, maternal obesity was associated with
a higher risk of macrosomia after adjusting for potential
confounders, and the result was still maintained in the
subgroup of ‘healthy’ women, namely, women who did
not develop either diabetes or hypertension in the cur-
rent pregnancy [27]. This is consistent with the findings
of our study population, as our study population also
excluded pregnant women with diabetes and hyperten-
sion, either diagnosed before or during pregnancy.

Our study evaluated the mediating effects of maternal
fasting glucose and triglycerides simultaneously to dis-
cern which markers had the greatest individual mediat-
ing effects in nondiabetic pregnant women. Interestingly,
fasting glucose levels and triglycerides were found to
mediate the effect of maternal obesity on the occurrence
of LGA in the same proportion, and the mediated pro-
portion was 6.7%, indicating that both are important for
the effect of maternal obesity on LGA. With this analysis,
we provide data on how maternal circulating energy sub-
stances, including fasting glucose levels and triglycerides,
mediate the association between maternal overweight/
obesity and LGA in nondiabetic pregnancies. Based on
these studies, it is suggested that circulating lipid levels,
such as triglycerides, are as important as glucose levels
in influencing birth weight in women with overweight/
obesity.

Fetal growth depends on maternal factors (includ-
ing maternal health status, nutritional status, smoking,
drug use, etc.), fetal factors (genetic composition) and
placental function [28]. The delivery of excess mater-
nal nutrients to the fetus is known to increase the risk
of macrosomia, even among infants of women with-
out gestational diabetes mellitus [29]. LGA infants may
have increased intrauterine exposure to excess nutrients,
especially glucose, which can lead to hyperinsulinemia,
increased use of oxygen and glucose, and oxidative stress,
resulting in increased lipolysis and reduced insulin sensi-
tivity at birth [30, 31]. Fetal metabolic abnormalities may
lead to complications such as hypoglycemia, polycythe-
mia and asphyxia [31]. LGA offspring of diabetic mothers
were at significant risk of developing metabolic syndrome
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in childhood with a predisposition to develop cardiovas-
cular disease and diabetes in adulthood [32].

Pedersen’s hypothesis is that elevated maternal blood
sugar levels can cross the placenta and stimulate the
secretion of insulin by fetal islet cells, leading to hyper-
insulinemia. Increasing glucose utilization, promoting
protein and fat synthesis and inhibiting lipolysis lead to
fetal weight gain [33]. In addition, pregnant women are
prone to abnormal lipid metabolism during pregnancy.
Maternal lipoproteins do not cross the placenta but are
hydrolyzed by placental lipoprotein lipase. Derived fatty
acids in pregnant women enter the fetal blood circulation
through the placenta from the mother and then take up
synthesized triglycerides through the fetal liver, which
can promote fetal fat accumulation [34, 35]. maternal
lipid concentrations may exert in utero influences on
infant body composition [36].

Maternal prepregnancy overweight/obesity appears to
be the most influential upstream metabolic risk factor
affecting maternal and neonatal metabolic health [37]. In
addition, maternal glucose levels have been extensively
studied and are believed to have a significant effect on
offspring birth weight even in the absence of maternal
diabetes [38]. Using a secondary analysis of a subgroup
of women in the HAPO study, the study found that a
higher maternal BMI category was associated with higher
odds of neonatal birth weight and obesity and that fast-
ing glucose metabolism was the strongest mediator of
the association between maternal BMI and neonatal size
and weight during OGTT at 24—32 weeks of gestation in
normal-glycemic pregnancies [39]. The effect of maternal
overweight or obesity on larger offspring size has been
attributed mainly to higher pregnancy glucose levels [38].

In addition, the lipid profile suffers adaptive changes
during pregnancy due to estrogen stimulation and insulin
resistance. Studies have shown that prepregnancy BMI
and fasting serum TG were independently associated
with birth weight in normal glucose tolerance mothers
[40]. Lu et al. reported that mTG mediates the associa-
tion of prepregnancy BMI with the risk of fetal macro-
somia, which highlights the importance of the role that
maternal circulating mTG during pregnancy plays in the
development of fetal macrosomia [41]. Similarly, Song et
al. found that nondiabetic women who were overweight/
obese before pregnancy were at increased risk of devel-
oping a giant fetus, and this positive association was
mediated in part by high maternal TG levels [42].

At present, ultrasonic measurement and clinical evalu-
ation based on maternal uterine height are used to pre-
dict fetal weight. Some studies have suggested using
two-dimensional ultrasound during the second trimester
to measure fetal epicardial adipose tissue and the vis-
ceral fat structure between the right ventricular pericar-
dium and the heart muscle to predict the development of
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macrosomia [43]. Fetal epicardial fat thickness is a focus
of concern in diabetic pregnancy and is also considered
an indicator of fetal growth [44].

Our study found that prepregnancy overweight/obe-
sity increased the risk of birth LGA and was partially
mediated by FPG and TG levels from 24 to 28 weeks of
gestation. In addition, studies have also found that 50 g
GCT can be used to identify women at risk of delivering
overweight infants or small for gestational age neonates
[45, 46]. Excess birth weight has been found to be associ-
ated with increased 50 g GCT values in pregnant women
delivering large for gestational age babies [46]. In Finland
and Poland, 50 g GCT is preferred for universal screening
of GDM [47]. It is economical, practical and tolerable to
patients. These screening tests may provide useful infor-
mation about the growth potential of the fetus, helping to
identify those at high risk for LGA birth. We also need to
explore more ways to predict the occurrence of LGA and
intervene early.

This finding implies that pregnant women who are
overweight or obese before pregnancy may benefit from
the management of circulating mTG to prevent fetal
overgrowth. Clinicians help guide pregnant women in
achieving reasonable dietary nutrition during preg-
nancy and reduce patients’ sugar intake on the premise
of ensuring maternal and infant nutritional needs [48].
In addition, women without contraindications should be
encouraged to engage in aerobic exercise and strength
training during pregnancy to reduce the risk of macro-
somia [1]. Clinicians also need to closely monitor the gly-
cemic and lipid levels of pregnant women, especially TG,
FBG and other indicators, to effectively provide guidance
and intervention in advance.

This study involved a large sample size of people, and
maternal BMI was calculated on the basis of weight
and height measured in early pregnancy, which reduces
the risks of recall and selection bias. This serial mul-
tiple mediation simultaneously assessed the mediat-
ing effect of FPG and mTG in the associations between
maternal overweight/obesity and LGA, which helps to
discern markers that exhibit a greater individual medi-
ating effect. However, several limitations of the study
should be acknowledged. We analyzed fasting blood
glucose and triglycerides only in the second trimester
of pregnancy and did not perform a longitudinal assess-
ment of dynamic changes throughout pregnancy. We
failed to include sufficient information on dietary nutri-
tion intake. Thus, additional studies are needed to clarify
the relationship between maternal dietary structure and
pregnancy outcome. Due to the floating population in
Shenzhen and incomplete data collection on LGA his-
tory in pregnant women, we have not included informa-
tion about LGA history. In the future, we need to further
explore other ways through which maternal BMI leads to
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the occurrence of macrosomia to find controllable factors
to reduce the occurrence of macrosomia.

Conclusions

This study found that in nondiabetic women, mater-
nal overweight/obesity was positively associated with
the occurrence of LGA, and this positive association
was partly mediated by FPG and mTG, emphasizing the
important role of maternal overweight/obesity and the
potential role of maternal circulating fuels in fetal growth.
Both FPG and mTG were strong mediators of these asso-
ciations, suggesting that mTG is as important as FPG and
deserves the attention of clinicians. Future close moni-
toring of triglycerides during pregnancy may be required
in the care of women who are overweight or obese during
pregnancy even without a diagnosis of diabetes.
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