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Abstract
Background  According to the theory of fetal-derived adult diseases, abnormal fetal development might affect the occur-
rence of diseases in adulthood, and appropriate fetal growth status intrauterine might have a beneficial effect on it. To adapt 
properly for fetal development, there are numerous changes in the maternal physiology during pregnancy, including blood 
lipid metabolism. The aim of this study is to evaluate the association between lipid profiles in the second and third trimesters 
of normal pregnancy and fetal birth weight.
Materials and methods  The study population was derived from 5695 pregnant women, who maintained routine prenatal care 
at the women’s hospital of Zhejiang University, School of medicine January 1, 2014, and December 31, 2014. The pregnant 
women in this study all carried uncomplicated singleton pregnancies to at least 37 weeks.
Results  The mean (standard deviation) birth weight was 3361.00 (385.94) g; 413 (7.3%) of the infants were large for gesta-
tional age, and 330 (5.8%) were macrosomia. On multiple linear regression analysis, positive determinants of birth weight 
were gravidity, parity, gestational age at delivery, male infant, maternal height, and weight before pregnancy, weight gain 
during pregnancy, fasting blood glucose (FBG) level, second-trimester cholesterol (TC) and third-trimester triglyceride (TG), 
gestational albumin (ALB), and third-trimester high-density lipoprotein (HDL-C) levels were each negatively associated with 
birth weight. On logistic regression analysis, the significant metabolic lipid predictors of delivering a large-for-gestational-
age infant were second- and third-trimester TG (aOR = 1.178, 95% CI 1.032–1.344, p = 0.015; aOR = 1.106, 95% CI 
1.043–1.173, p = 0.001, respectively) and second- and third-trimester HDL-C level (aOR = 0.655, 95% CI 0.491–0.874, p 
= 0.004; aOR = 0.505, 95% CI 0.391–0.651, p < 0.001, respectively). Third-trimester TG and HDL-C were stable predic-
tors of large-for-gestational-age infants in stratification analysis. High TG and low HDL-C level during third trimester could 
be considered as indicators of a high risk of large for gestational age (LGA) and macrosomia, regardless of infant gender.
Conclusion  These results suggest that future lifestyle programs in women of reproductive age with a focus on lowering TG 
levels (i.e., diet, weight reduction, and physical activity) may help to reduce the incidence of LGA and macrosomia.
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Introduction

According to the theory of fetal-derived adult diseases [1], 
abnormal fetal development might affect the occurrence of 
diseases in adulthood, and appropriate fetal growth status 
intrauterine might have a beneficial effect on it. To adapt prop-
erly for fetal development, there are numerous changes in the 
maternal physiology during pregnancy, including blood lipid 
metabolism [2]. Maternal serum lipid may play an important 
role in fetal growth, and the levels begin to increase during the 
9th–13th week of pregnancy, and gradually continue rising as 
the pregnancy progresses. Maternal serum lipid concentrations 
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peak during 31–36 weeks of gestation, decrease markedly 
over 24 h after delivery, and return to pre-pregnancy levels in 
4–6 weeks after birth [3].

Some studies have shown that altered lipid metabolism dur-
ing pregnancy results in increased levels of TC, TG, and LDL-
C, and decreased levels of HDL-C [4]. These lipid profiles 
seen in pregnancy might be due to the increased absorption of 
lipids in the gastrointestinal tract [5]. TG and TC concentra-
tions markedly increase due to two factors: increased hepatic 
lipase activity, leading to enhanced hepatic triglyceride syn-
thesis; and reduced lipoprotein lipase activity, resulting in 
decreased catabolism of adipose tissue [6].

Hyperlipidemia has numerous effects on the intrauterine 
environment, and can have a significant impact in fetal devel-
opment [7]. For example, elevated TG concentrations provide 
additional fetal glucose, and elevated LDL-C levels exert an 
effect on placental steroidogenesis. These metabolic changes 
represent adaptations to maternal–fetal physiology during 
pregnancy.

Several studies have reported the association between 
maternal TG and fetal birth weight [8, 9]. Pregnant women 
with higher levels of TG and LDL-C, along with lower levels 
of HDL-C have been to be associated with an elevated risk 
for macrosomia and large-for-gestational-age (LGA) neonates 
[10, 11]. Elevated maternal TG levels lead to excessive fetal 
growth and ultimately macrosomia. In addition, previous 
studies have suggested that elevated lipid levels in pregnancy 
could be significantly associated with a higher risk of gesta-
tional diabetes mellitus (GDM) and pre-eclampsia (PE) in the 
mother [12]. Some studies have suggested that low TG levels 
in early pregnancy are protective against GDM and LGA, and 
that low LDL-C levels were protective against preterm birth. 
Additionally, elevated TG levels were related to an increased 
risk of PE, while elevated LDL-C levels were a risk factor for 
macrosomia [13]. It has been reported that the concentrations 
of TG in mothers with GDM are positively associated to fetal 
birth weight, neonatal body mass index, and fat mass. Fur-
thermore, these overweight offspring may carry an increased 
risk of obesity and type 2 diabetes mellitus later in life [14].

Proper maternal lipid profiles may provide suitable condi-
tion for fetal development. Rare studies had studied the rela-
tionship between maternal lipid levels of different trimester 
and fetal birth weight in normal pregnancy. The aim of our 
study is to shed more light on the alteration of lipid profiles 
in second and third trimester, and to analyze the relationship 
between maternal lipid levels and perinatal outcomes (LGA 
and macrosomia).

Methods

Study population

Between 1 Jan 2014 and 31 Dec 2014, pregnant women 
who attended regular prenatal health care and would be 
given birth in Women’s Hospital, Zhejiang University 
School of Medicine were invited to participate in the study. 
Before enrollment, approval of the study was obtained 
from the hospital’s Clinical Research Ethics Committee 
(the reference number: 20170160) and written informed 
consent was signed by every participant. We established 
the study cohort based on inclusion and exclusion criteria. 
Inclusion criteria of pregnant women were: (1) maternal 
age at delivery between 19 and 44 years; (2) had integrated 
medical records; and (3) singleton pregnancy. Exclusion 
criteria of pregnant women were: (1) had malignant tumor, 
diabetes mellitus, chromosomal abnormalities, and inher-
ited metabolic diseases before pregnancy; (2) experienced 
serious infection during early pregnancy; (3) used tobacco, 
consumed alcohol, or drugs that affect blood lipid metabo-
lism during pregnancy; and (4) pregnancy complications 
such as GDM, PE, and intrahepatic cholestasis of preg-
nancy (ICP).

All the women included were requested to complete a 
general medical record about sociodemographic charac-
teristics, including maternal age, gravidity, parity, height, 
pre-pregnancy weight, and other important information. 
Gestational age was calculated based on the last menstrual 
period and was confirmed by an ultrasonographic exami-
nation performed before 20 weeks of gestation. Fasting 
blood glucose (FBG) and lipid concentrations upon entry 
into the study were assessed and pregnancy complications 
(GDM, PE, ICP, etc.) were collected from medical records 
during gestation. Information on maternal weight before 
delivery, delivery mode, gestational age, newborn sex, 
birth weight, Apgar scores, and perinatal outcomes were 
recorded by midwives or obstetricians upon delivery and 
retrieved from medical records after delivery. Inclusion 
criteria for newborns were singleton and 5-min postpartum 
Apgar scores ≥ 7. Exclusion criteria for newborns were 
preterm births (before 37 completed weeks) or expired 
delivery (more than 41 completed weeks), chromosomal 
abnormalities, inherited metabolic diseases, and congeni-
tal abnormalities. In total, 5695 pairs of mothers and neo-
nates were included in our study.

Biochemical analyses

Venous blood samples for lipid assessment were taken 
after overnight fasting from all the participants at the 
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second (24–26 gestational weeks) and third (30–32 gesta-
tional weeks) trimester of pregnancy. Every sample was 
assayed for TC, TG, HDL-C, and LDL-C concentrations. 
TC and TG were assayed with the cholesterol oxidase-phe-
nol aminophenazone method, and glycerol-3-phosphatase 
oxidase-phenol aminophenazone method, respectively. 
HDL-C and LDL-C were measured by homogeneous 
enzymatic colorimetric assays. All the lipid measurements 
were performed on an automatic biochemical analyser 
(Abbott Architect C16000, Abbott Laboratories, USA), 
respectively, with TC, TG, HDL-C, and LDL-C detection 
kits (Abbott Diagnostic Kit, Abbott Laboratories, USA).

Definitions

BMI was calculated by dividing weight in kilograms by the 
square of height in meters. Maternal pre-pregnancy BMI 
was calculated from pre-pregnancy height and weight, 
and categorized into underweight (< 18.5 kg/m2), normal 
weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), 
and obese (≥ 30.0 kg/m2) groups on the basis of World 
Health Organization BMI classification [15]. Gestational 
weight gain (GWG) was calculated as pre-pregnancy weight 
subtracted from the measured weight recorded at the last 
prenatal visit before delivery. According to the new recom-
mendations from American Institute of Medicine, GWG was 
stratified into appropriate, inadequate, and excessive groups 
[16]. Based on different pre-pregnancy BMIs, appropriate 
GWG was defined as 12.5–18.0 kg in underweight women, 
11.5–16.0 kg in normal-weight women, 7.0–11.5 kg in over-
weight women, and 5.0–9.0 kg in obese women. Falling 
below the thresholds was defined as inadequate GWG, while 
exceeding the thresholds was defined as excessive GWG.

The World Health Organization (WHO) defined anemia 
during pregnancy as a hemoglobin concentration below 
110 g/L at any time point in the pregnancy [17]. Newborns 
were classified into appropriate for gestational age (AGA), 
small for gestational age (SGA), and large for gestational age 
(LGA) on the basis of Neonatal Birth Weight for Gestational 
Age and Percentile in 23 Cities of China [18]. Infants with 
birth weight above 90th percentile for gestational age were 
classified as LGA, and SGA was defined as the lowest 10th 
percentile; those having weight between 10 and 90th per-
centile were AGA. According to the birth weight, neonates 
could be stratified into low birth weight (< 2500 g), normal 
birth weight (2500 to < 4000 g), and macrosomia (≥ 4000 g) 
groups.

Statistical analysis

The data on continuous variables with normal distri-
bution were presented as mean ± SD, and median with 
inter-quartile range for variables not normally distributed. 

Categorical data were shown as counts and percentages. 
Characteristics between LGA group and AGA group 
were compared using one-way ANOVA (for continuous 
variables) or Chi-square test (for categorical variables). 
Serum TC, TG, LDL-C, and HDL-C concentrations at 
the second and third trimesters between LGA group and 
AGA group were compared using Mann–Whitney test. 
Maternal lipid (TC, TG, LDL-C, and HDL-C) increases 
from the second to third trimester were compared using 
Wilcoxon matched-pairs signed-rank test. The relation-
ships between lipids (continuous) in pregnancy and fetal 
birth weight were estimated by linear regression models. 
Logistic regression analysis was applied to explore the 
associations between maternal dyslipidemia and perinatal 
outcomes (LGA, macrosomia, SGA, and LBW). In the 
multivariable adjusted model, maternal age, marriage sta-
tus, race, gravidity, parity, gestational age at birth, infant 
gender, height, pre-pregnancy weight, gestational weight 
gain, anemia, FBG, and ALB levels were regarded as 
confounding variables. All the analyses were performed 
with R version 3.4.3 for Windows (The R Project; http://
www.r-proje​ct.org). p values < 0.05 were defined as sta-
tistically significant.

Results

Characteristics of the study sample

The process of inclusion and exclusion is shown in Supple-
mentary Fig. S1, and the maternal and neonatal characteris-
tics of our study population are shown in Table 1. Accord-
ing to the Institute of Medicine (IOM) recommendations for 
gestational weight gain, 53.9% met, 18.7% fell below, and 
27.4% exceeded the criteria. The newborns in our study had 
a mean (SD) birth weight of 3361.00 (385.94) g. 87.1% of 
them were AGA, 7.3% were LGA and 5.8% were macroso-
mia. The mean (SD) gestational age at birth was 39.69 (1.05) 
weeks. In addition, 2925 (51.4%) infants were boys.

Maternal factors associated with infant birth weight

The unadjusted associations between maternal and fetal fac-
tors and birth weight are shown in Table 2. Maternal age 
at delivery, gravidity, parity, gestational age at delivery, 
male infant, maternal height and weight before pregnancy, 
weight gain during pregnancy, FBG level, second-trimester 
TG and LDL-C, and third-trimester TG were all associated 
with higher birth weight. After adjustment for covariates, 
positive determinants of birth weight were gravidity, par-
ity, gestational age at delivery, male infant, maternal height 
and weight before pregnancy, weight gain during pregnancy, 

http://www.r-project.org
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FBG level, second-trimester TC, and third-trimester TG. 
Gestational ALB and third-trimester HDL-C were each neg-
atively associated with birth weight. This model explained 
30.2% of the variance in birth weight.

Comparison of maternal and neonatal 
characteristics across LGA and AGA group

Table 3 shows maternal and neonatal characteristics of our 
study population across LGA and AGA group. Compared to 
AGA group, maternal age at delivery, maternal height, pre-
pregnancy weight, gestational weight gain, gravidity, parity, 
gestational ALB/FBG levels, gestational age at birth, and 
infant sex is significantly different in LGA group.

Table 4 shows maternal lipid profile by trimester. TG in 
the second and third trimester is higher in LGA group, while 
HDL-C in the second and third trimester is lower in LGA 
group. In addition, in LGA and AGA groups, Serum TC, 
TG, and LDL-C levels were increased in the third trimester 
compared to the second trimester, while HDL-C decreased 
as pregnancy advanced (p < 0.001), the same scenery was 
discovered in AGA group. (Supplementary Table S2). Sup-
plementary Table S1 shows maternal lipid profile in percen-
tiles by trimester.

Associations between maternal lipid profile 
and perinatal outcomes (LGA and macrosomia)

Tables 5, 6 display the associations between maternal sec-
ond- and third-trimester lipid profile and LGA. In our study, 
the incidence of LGA was 7.3%. Table 5 shows that there 
was positive association between second- and third-trimes-
ter TG and LGA, negative association between second- and 
third-trimester HDL-C, third-trimester LDL-C and LGA, 
and no significant association between second- and third-
trimester TC and LGA. However, Table 6 reports different 
associations between maternal lipids levels and LGA. Mul-
tivariate analysis discovered that adjusted for maternal age, 
gravidity, parity, maternal height, weight before pregnancy, 
gestational weight gain, infant gender, anemia, ALB and 
FBG, and second- and third-trimester TG level was associ-
ated with an increased risk for LGA (aOR = 1.178, 95% CI 
1.032–1.344, p = 0.015; aOR = 1.106, 95% CI 1.043–1.173, 
p = 0.001, respectively), while second- and third-trimester 
HDL-C level was associated with a decreased risk for LGA 
(aOR = 0.655, 95% CI 0.491–0.874, p = 0.004; aOR = 0.505, 
95% CI 0.391–0.651, p < 0.001, respectively) (Fig. 1, top 
panel). In contrast, there were no significant associations 
between second- and third-trimester TC and LDL-C levels 
and LGA in multivariate analysis.

Table S3 and Table S4 display the associations between 
maternal second- and third-trimester lipid profile and 
macrosomia. After adjustment for covariates, second- 
and third-trimester LDL-C level was associated with an 
increased risk for macrosomia (aOR = 1.093, 95% CI 
1.033–1.155, p = 0.002; aOR = 1.271, 95% CI 1.009–1.601, 
p = 0.042; aOR = 1.224, 95% CI 1.064–1.409, p = 0.005, 
respectively), while second- and third-trimester HDL-C 

Table 1   Characteristics of the study sample

SD standard deviance, n frequency, % proportion, BMI body mass 
index, ALB albumin, FBG fasting blood glucose, SGA/AGA/LGA 
small/appropriate/large for gestational age

Characteristics Mean ± SD or n (%)

Maternal characteristics n = 5695
 Maternal age at delivery (years) 28.78 ± 3.22
 Maternal height (m) 1.61 ± 0.05
 Pre-pregnancy weight (kg) 52.94 ± 7.12
 Weight before delivery (kg) 67.75 ± 7.82
 Pre-pregnancy BMI (kg/m2) 20.39 ± 2.52
  Underweight (< 18.5) 1294 (22.72)
  Normal weight (18.5 to < 25.0) 4146 (72.80)
  Overweight or obesity (≥ 25.0) 255 (4.48)

 Gestational weight gain (kg) 14.81 ± 3.93
  Inadequate 1062 (18.65)
  Appropriate 3071 (53.92)
  Excessive 1562 (27.43)

 Gravidity
  1 3575 (62.77)
  2 1452 (25.50)
   ≥ 3 668 (11.73)

 Parity
  Nulliparous 5094 (89.45)
  Multiparous 601 (10.55)

 Anemia 1945 (34.15)
 ALB (g/L) 38.40 ± 2.21
 FBG (mmol/L) 4.39 ± 0.30
 Delivery mode
  Vaginal delivery 1835 (32.22)
  Cesarean section 3860 (67.78)

Infant characteristics n = 5695
 Gender
  Male 2925 (51.36)
  Female 2770 (48.64)

 Gestational age at birth (days) 277.83 ± 7.34
 Birth weight (g) 3361.00 ± 385.94
   < 2500 34 (0.60)
  2500–4000 5331 (93.60)

   ≥ 4000 330 (5.80)
 Weight for gestational age
  SGA 321 (5.64)
  AGA​ 4961 (87.11)
  LGA 413 (7.25)
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level was associated with a decreased risk for macrosomia 
(aOR = 0.551, 95% CI 0.394–0.772, p = 0.001; aOR = 0.432, 
95% CI 0.322–0.580, p < 0.001, respectively) (Fig. 1, bot-
tom panel).

Because pregnancy women delivered male infant were 
found to have a greater risk of gender-specific large-for-
gestational-age infants compared with women delivered 
female infant, we repeated the logistic regression analysis 
stratified by infant gender (Table 7). In this analysis, third-
trimester TG and HDL-C again emerged as significant pre-
dictors of large-for-gestational-age infants in both male and 
female infant layer; second- and third-trimester LDL-C level 
also reached significance in female infant layer. Stratifica-
tion analysis were also conducted by different gestational 
weight gain (GWG) and different pre-pregnancy BMIs (Sup-
plementary Table S5 and S6). In adequate and appropriate 
GWG layers, second- and third-trimester TG again emerged 
as significant predictors of large-for-gestational-age infants, 
while in excessive GWG layer, second- and third-trimester 
HDL-C were the protective predictors. Across different pre-
pregnancy BMI layers, third-trimester HDL-C was the stable 
protective factor.

The stratified analyses identified the same independent 
predictors (third-trimester TG and HDL-C) on multiple 

linear regression and logistic regression as those in Table 2 
and Fig. 1, respectively.

Finally, we got the results that the significant metabolic 
lipid predictors of delivering a large-for-gestational-age 
infant were second- and third-trimester TG and HDL-C 
level. Third-trimester TG and HDL-C were stable predictors 
of large-for-gestational-age infants in stratification analysis. 
High TG and low HDL-C level during third trimester could 
be considered as indicators of a high-risk of large for ges-
tational age (LGA) and macrosomia, regardless of infant 
gender.

Discussion

In our population-based study, we comprehensively explored 
the relationship of maternal fasting glucose and lipid con-
centrations with fetal birth weight in Chinese reproductive-
age women without pregnancy complications. Gestational 
age at delivery, male infant, maternal height, weight before 
pregnancy, weight gain during pregnancy, FBG level, 
second-trimester TC, and third-trimester TG were directly 
associated with newborn size in our study. And gestational 
ALB and third-trimester HDL-C levels were each negatively 

Table 2   Change in infant birth 
weight in relation to maternal 
and fetal factors

Change in infant birth weight per unit change in indicated variable. For example, infant birth weight 
increased by 18.125 g per additional day of gestation after adjustment for the other variables
a Adjusted for all other variables listed; Unadjusted R2 = 0.3045, Adjusted R2 = 0.302

Variable Change in infant birth weight, g (95% CI)

Crude Adjusteda

Age (years) 3.374 (0.257, 6.491) − 0.628 (− 3.492, 2.237)
Gravidity 39.650 (27.847, 51.453) 20.379 (8.637, 32.121)
Multiparous (v. nulliparous) 55.621 (23.018, 88.224) 51.560 (17.487, 85.633)
Gestational age at delivery (days) 18.670 (17.393, 19.947) 18.125 (16.946, 19.304)
Female infant − 114.550 (− 134.391, − 94.714) − 122.824 (− 139.628, − 106.019)
Height (cm) 12.241 (10.078, 14.405) 4.092 (2.032, 6.152)
Pre-pregnancy weight (kg) 13.144 (11.777, 14.511) 11.699 (10.353, 13.046)
Gestational weight gain (kg) 23.536 (21.061, 26.012) 19.818 (17.586, 22.049)
Anemia 32.014 (10.887, 53.140) 43.056 (25.112, 61.000)
FBG (mmol/L) 167.910 (134.890, 200.922) 97.568 (69.113, 126.024)
ALB (g/L) − 4.982 (− 9.525, − 0.438) − 5.042 (− 9.014, − 1.070)
Second trimester
 TC (mmol/L) 7.156 (− 2.704, 17.017) 30.219 (7.455, 52.983)
 TG (mmol/L) 45.289 (33.101, 57.476) 10.444 (− 3.737, 24.625)
 HDL-C (mmol/L) − 34.069 (− 53.271, − 14.867) 20.869 (− 5.061, 46.799)
 LDL-C (mmol/L) 15.455 (3.764, 27.145) − 3.309 (− 27.239, 20.622)

Third trimester
 TC (mmol/L) − 2.909 (− 8.472, 2.654) 0.661 (− 5.417, 6.739)
 TG (mmol/L) 30.717 (24.649, 36.786) 10.582 (4.103, 17.061)
 HDL-C (mmol/L) − 114.144 (− 132.509, − 95.779) − 101.608 (− 123.040, − 80.176)
 LDL-C (mmol/L) − 14.339 (− 24.300, − 4.377) − 1.485 (− 15.929, 12.960)
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associated with birth weight. Third-trimester TG and 
HDL-C were stable predictors of LGA infants in stratifica-
tion analysis.

Our findings of maternal fasting glucose levels within 
a non-diabetic range and higher birth weight are consist-
ent with previous report by the HAPO studies [19, 20]. 
Tessa’s study also reported that maternal glucose levels 
in late pregnancy are particularly important for neonatal 
fat accretion and that this association is not confounded 
or modified by maternal BMI [21]. During the last third 
of gestation, due to the demands of the placental-fetal 

unit and rapid depletion of glycogen stores, the mother 
switches to a catabolic state in which glucose is the pre-
dominant nutrient crossing the placenta and maternal adi-
pose tissue lipolytic activity is enhanced [22]. This result 
was also supported by experiment that among pregnant 
women infused with glucose labeled with stable iso-
topes several hours before delivery, was shown that 95% 
of infant plasma glucose after birth was from maternal 
plasma [23]. Since our maternal fasting glucose levels 
were tested in the second trimester, we believed that this 
interaction began earlier.

Table 3   Comparison of 
the maternal and neonatal 
characteristics across LGA and 
AGA group

BMI body mass index, ALB albumin, FBG fasting blood glucose, AGA/LGA appropriate/large for gesta-
tional age
a p values were calculated using one-way ANOVA (for continuous variables) or Chi-square test (for cat-
egorical variables), and p < 0.05 indicates that the mean values (for continuous variables) or proportions 
(for categorical variables) of a variable were significantly different between AGA group and LGA group

Variable, Mean ± SD or n (%) All participants AGA​ LGA p valueb

Total n 5695 4961 413
Maternal characteristics
 Maternal age at delivery (years) 28.78 ± 3.22 28.74 ± 3.18 29.42 ± 3.55  < 0.001
   < 25 365 (6.4) 318 (6.4) 26 (6.3)  < 0.001
  25–29 3292 (57.8) 2888 (58.2) 202 (48.9)
  30–34 1733 (30.4) 1500 (30.2) 150 (36.3)
   ≥ 35 305 (5.4) 255 (5.1) 35 (8.5)

 Maternal height (m) 1.61 ± 0.05 1.61 ± 0.05 1.62 ± 0.05  < 0.001
 Pre-pregnancy weight (kg) 52.94 ± 7.12 52.86 ± 7.03 56.41 ± 7.48  < 0.001
 Weight before delivery (kg) 67.75 ± 7.82 67.60 ± 7.64 72.90 ± 7.74  < 0.001
 Pre-pregnancy BMI (kg/m2) 20.39 ± 2.52 20.37 ± 2.50 21.43 ± 2.72  < 0.001
  Underweight (< 18.5) 1294 (22.7) 1141 (23.0) 44 (10.7)  < 0.001
  Normal weight (18.5 to < 25.0) 4146 (72.8) 3611 (72.8) 328 (79.4)
  Overweight or obesity (≥ 25.0) 255 (4.5) 209 (4.2) 41 (9.9)

 Gestational weight gain (kg) 14.81 ± 3.93 14.75 ± 3.90 16.49 ± 4.23  < 0.001
  Inadequate 1062 (18.6) 929 (18.7) 37 (9.0)  < 0.001
  Appropriate 3071 (53.9) 2719 (54.8) 173 (41.9)
  Excessive 1562 (27.4) 1313 (26.5) 203 (49.2)

 Gravidity  < 0.001
  1 3575 (62.8) 3148 (63.5) 199 (48.2)
  2 1452 (25.5) 1240 (25.0) 138 (33.4)
   ≥ 3 668 (11.7) 970 (19.5) 76 (18.4)

 Parity  < 0.001
  Nulliparous 5094 (89.4) 4446 (89.6) 341 (82.6)
  Multiparous 601 (10.6) 515 (10.4) 72 (17.4)

 Anemia 1945 (34.2) 1708 (34.4) 150 (36.3) 0.438
 ALB (g/L) 38.40 ± 2.21 38.43 ± 2.19 38.10 ± 2.25 0.004
 FBG (mmol/L) 4.39 ± 0.30 4.39 ± 0.30 4.46 ± 0.31  < 0.001

Infant characteristics
 Gender  < 0.001
  Male 2925 (51.4) 2537 (51.1) 272 (65.9)
  Female 2770 (48.6) 2424 (48.9) 141 (34.1)

 Gestational age at birth (days) 277.83 ± 7.34 277.70 ± 7.34 279.48 ± 7.44  < 0.001
 Birth weight (g) 3361.00 ± 385.94 3342.53 ± 295.67 4111.23 ± 240.31  < 0.001
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Our study found that maternal TG levels in the second 
and third trimester were positively associated with fetal 
birth weight, especially the third-trimester TG was stable 
predictor of large-for-gestational-age infants. Previous stud-
ies also had shown a similar correlation between maternal 
TG levels and neonatal birth weight [8, 14]. These results 
suggested that TG had a prolonged influence on fetal growth. 
Misra et al. [24] assessed the relationship between maternal 
serum lipid levels and birth weight among 143 women-infant 
pairs from Michigan and reported TG levels were positively 
associated with birth weight, although only among normal-
weight women. The Pune Maternal Nutrition Study [25] 
found that maternal glucose, total cholesterol, and TG lev-
els at both 18 and 28 week gestation were associated with 
higher birth weight among a population of women with low 
pre-pregnancy BMI. Crume’s study reported that TG lev-
els in late pregnancy were associated with birth weight, but 
were not independent of pre-pregnancy BMI [21].

Furthermore, maternal HDL-C levels in the second 
and third trimester were found to have an inverse rela-
tionship with neonatal birth weight, and third-trimester 
HDL-C was stable predictor of large-for-gestational-age 
infants. Consistent with our results, Misra et al. [24] also 

Table 4   Comparison of maternal lipid profile by trimester among 
AGA and LGA groups

Maternal lipid levels and increases were presented as median (IQR) 
mmol/L
TC total cholesterol, TG triglycerides, LDL-C/HDL-C low-density/
high-density lipoprotein-cholesterol, AGA/LGA appropriate/large for 
gestational age
a p values were calculated using Mann–Whitney test, and p < 0.05 
indicates that the median values of lipid variables were significantly 
different between LGA group and AGA group

Trimester AGA​ LGA p valuea

Second
 TC 6.16 (5.52–6.85) 6.17 (5.52–6.87) 0.899
 TG 2.05 (1.62–2.58) 2.30 (1.81–2.90)  < 0.001
 HDL-C 2.32 (2.05–2.78) 2.24 (1.94–2.56)  < 0.001
 LDL-C 3.36 (2.85–3.91) 3.41 (2.90–4.01) 0.142

Third
 TC 6.64 (5.85–7.46) 6.52 (5.70–7.48) 0.320
 TG 3.05 (2.40–4.00) 3.60 (2.85–4.60)  < 0.001
 HDL-C 2.07 (1.78–2.38) 1.90 (1.65–2.19)  < 0.001
 LDL-C 3.63 (3.02–4.30) 3.55 (2.82–4.28) 0.040

Table 5   Univariate logistic 
regression analysis of LGA

OR odds ratio, CI confidence interval, BMI body mass index, ALB albumin, FBG fasting blood glucose, TC 
total cholesterol, TG triglycerides, LDL-C/HDL-C low-density/high-density lipoprotein-cholesterol, AGA/
LGA appropriate/large for gestational age

Variate Unadjusted OR 95% CI of OR p value

LL UL

Age (years) 1.065 1.034 1.096  < 0.001
Gravidity 1.349 1.221 1.485  < 0.001
Multiparous (v. nulliparous) 1.823 1.382 2.374  < 0.001
Gestational age at delivery (days) 1.034 1.020 1.049  < 0.001
Female infant 0.543 0.438 0.669  < 0.001
Height (cm) 1.057 1.034 1.080  < 0.001
Pre-pregnancy weight (kg) 1.065 1.051 1.078  < 0.001
Pre-pregnancy BMI (kg/m2) 1.159 1.119 1.202  < 0.001
Gestational weight gain (kg) 1.107 1.082 1.134  < 0.001
Anemia 1.086 0.880 1.337 0.438
FBG (mmol/L) 2.256 1.606 3.175  < 0.001
ALB (g/L) 0.935 0.894 0.979 0.004
Second trimester
 TC (mmol/L) 1.001 0.907 1.105 0.978
 TG (mmol/L) 1.359 1.224 1.506  < 0.001
 HDL-C (mmol/L) 0.607 0.491 0.747  < 0.001
 LDL-C (mmol/L) 1.109 0.991 1.236 0.067

Third trimester
 TC (mmol/L) 0.966 0.892 1.027 0.362
 TG (mmol/L) 1.196 1.134 1.261  < 0.001
 HDL-C (mmol/L) 0.437 0.349 0.543  < 0.001
 LDL-C (mmol/L) 0.896 0.808 0.992 0.037
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reported an inverse relationship between HDL-C levels 
and birth weight among overweight/obese women, but not 
normal-weight women. In a nested case–control study of 
risk factors associated with macrosomia in Oslo, Norway, 
Clausen et al. [26] found that HDL-C were associated 
with an increased risk of macrosomia. While Boghossian 
et al. [19] found that HDL-C was associated with reduced 

neonatal size, and that TC and TG may be associated with 
larger size, they concluded that using these lipids as bio-
markers may not be clinically useful and is unlikely to 
change clinical decision-making.

The mechanism of how HDL-C concentrations linked to 
abnormal fetal birth weight has not yet been studied. The 
fundamental function of HDL-C is to remove cholesterol and 
other lipids from peripheral tissues [27]. In our study, the 
inverse correlation between HDL-C and triglycerides in the 
second and third trimester was observed which has been well 
demonstrated in the previous research [28]. This correlation 
in the first half of pregnancy (17–19 weeks) has also been 
reported by Clausen et al. [26] in a large cohort of non-dia-
betic women. Hence, it can be hypothesized that the effect 
of dyslipidemia on abnormal fetal growth, especially the 
stable effect of HDL-C and TG, continued throughout the 
whole pregnancy even before pregnancy. Early monitoring 
of lipid metabolism disorder might prevent the fetus from 
overgrowth of weight. However, the standard normal mater-
nal lipid levels were difficult to establish and it still remained 
controversial over the world. Some studies have shown that 
altered lipid profiles in mothers are associated with adverse 
pregnancy outcomes, such as GDM, PE, spontaneous pre-
term delivery, ICP, LGA, and macrosomia [29–31], which 
made it hard to predict neonatal size only by lipid levels. We 
assume that lipid levels in pregnancy without any complica-
tions and chronic diseases giving birth to appropriate weight 
infants can be defined as normal range of maternal lipid 
levels. Lipid profiles in pregnant women with GDM should 
also be analyzed in future studies to enlarge the reference 
range of lipids levels because of the interaction of maternal 
glucose and lipids. And cesarean section rate might also be 

Table 6   OR (95% CIs) in LGA associated with blood lipids in multivariate logistic models

aOR adjusted odds ratio, CI confidence interval, TC total cholesterol, TG triglycerides, LDL-C/HDL-C low-density/high-density lipoprotein-
cholesterol, LGA large for gestational age
a Adjusted for maternal age, gravidity, parity, gestational age at birth, and infant gender
b Model 2 is model 1 plus adjustment for maternal height, weight before pregnancy, and gestational weight gain
c Model 3 is model 2 plus adjustment for anemia, ALB, and FBG

Lipids Unadjusted OR (95% CI) p value Model 1a Model 2b Model 3c

aOR (95% CI) p value aOR (95% CI) p value aOR (95% CI) p value

Second
 TC 1.001 (0.907–1.105) 0.978 0.953 (0.779–1.166) 0.641 1.001 (0.812–1.234) 0.993 1.007 (0.815–1.244) 0.947
 TG 1.359 (1.224–1.506)  < 0.001 1.207 (1.063–1.371) 0.004 1.175 (1.030–1.340) 0.016 1.178 (1.032–1.344) 0.015
 HDL-C 0.607 (0.491–0.747)  < 0.001 0.689 (0.523–0.907) 0.008 0.639 (0.480–0.852) 0.002 0.655 (0.491–0.874) 0.004
 LDL-C 1.109 (0.991–1.236) 0.067 1.221 (1.006–1.483) 0.043 1.215 (0.993–1.487) 0.058 1.198 (0.977–1.468) 0.082

Third
 TC 0.966 (0.892–1.027) 0.362 0.994 (0.932–1.060) 0.851 1.000 (0.941–1.063) 0.999 1.004 (0.946–1.064) 0.903
 TG 1.196 (1.134–1.261)  < 0.001 1.115 (1.051–1.183)  < 0.001 1.107 (1.042–1.175) 0.001 1.106 (1.043–1.173) 0.001
 HDL-C 0.437 (0.349–0.543)  < 0.001 0.533 (0.415–0.683)  < 0.001 0.496 (0.384–0.640)  < 0.001 0.505 (0.391–0.651)  < 0.001
 LDL-C 0.896 (0.808–0.992) 0.037 1.041 (0.917–1.181) 0.537 1.119 (0.985–1.272) 0.085 1.104 (0.972–1.253) 0.129

Fig. 1   Independent predictors of having a large-for-gestational-age or 
macrosomia infant among pregnancy women. An odds ratio greater 
than 1.00 is associated with an increased risk of having a large-for-
gestational-age or macrosomia infant. Odds ratios for blood lipids 
were adjusted for maternal age, gravidity, parity, gestational age at 
birth, infant gender, maternal height, weight before pregnancy, gesta-
tional weight gain, anemia, ALB, and FBG. For example, the adjusted 
odds ratio for having a large-for-gestational-age infant increased by 
1.178 per 1  mmol/L increase in TG during second trimester. aOR 
adjusted odds ratio, Tri. Trimester, CI confidence interval, TC total 
cholesterol, TG triglycerides, LDL-C/HDL-C low-density/high-den-
sity lipoprotein-cholesterol, LGA large for gestational age
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reduced in China since the controlling fetal weight by early 
intervention of maternal lipids levels.

However, the present study still exited some limitations. 
There is outlier in birth weight and missing values in lipid 
measurements. However, because of our large sample, we 
think that this would have minor influence on our results, 
although we cannot rule out some residual confounding. We 
were not able to adjust for physical activity during preg-
nancy or family history of gestational diabetes, two factors 
that could confound our results. Our study collected the 
serum in the second trimester (24th–26th gestational age) 
and third trimester (30th–32th gestational age), which was 
suggested to be better to collect the maternal lipids con-
centrations across the whole pregnancy and even before 
pregnancy. It is important to pay attention to the possible 
impact of pre-gestational lipid levels on lipid profiles during 
pregnancies, particularly in obese patients which were not 
explored in this study. Furthermore, umbilical blood lipid 
levels could be collected for further investigation into the 
mechanisms behind the associations discussed in our study. 
More underlying physiology and molecular mechanisms 
should be provided by further basic research to make the 
markers more credible.
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