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Objective: As the high proportion of underweight pregnant women, omission of their
weight gain and blood lipids management during gestation might lead to adverse
pregnancy outcomes. This study aimed to determine the relationship between lipid
profile and risks for adverse pregnancy outcomes in pre-pregnancy underweight women.

Methods: This study was part of an ongoing cohort study including Chinese gravidas
delivered from January 2015 to December 2016. Included subjects were grouped into
underweight, normal-weight, and overweight by BMI before conception. Logistic
regression was used to assess the association between lipid profiles during second
trimester and adverse obstetric outcomes in each group. A subgroup analysis according
to the gestational weight gain, in which subjects in each group were divided into above
and within the Institute of Medicine (IOM) recommendations, was performed.

Results: A total of 6, 223 women were included. The proportion of underweight (19.3%)
was similar to that of overweight women (19.4%) in South China. Peripheral total
cholesterol (TC) level in underweight women was significantly higher than that in
overweight women (P <0.001). After adjusting maternal age, TC level was positively
correlated to the risk for large-for-gestational-age (LGA) [aOR =2.24, 95%CI (1.08, 4.63)],
and negatively related to the risk for small-for-gestational age (SGA) [aOR =0.71, 95%CI
(0.59, 0.85)] in underweight women, but not in normal-weight or overweight women. The
subgroup analysis showed that maternal TC level was positively correlated with the risk of
LGA only in underweight women who gained weight more than the IOM
recommendations.

Conclusion: Underweight pregnant women with high TC levels had a higher risk for LGA,
especially among women whose gestational weight gain were above the IOM
recommendations. Therefore, clinical management of lipids and weight gain during
gestation should also be recommended for underweight women.
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INTRODUCTION

Maternal overweight and obesity have drawn worldwide
attention increasingly in recent years. The 2011-2012 US
National Health and Nutrition Examination Survey
(NHANES) data showed that the prevalence of obesity in
women aged 20-39 years was 31.8% in the United State States
(1). Furthermore, 48% and 24% of women were overweight
before conception in the US and Germany, respectively, among
singleton term nulliparous women. In UK, about one-quarter of
women aged over 20 years were diagnosed with obesity,
according to the European Peristat Database and WHO data.
However, in Asia, the proportion of obesity among women of
childbearing age is not as high as in Western countries. In South
Korea, the proportion of women of reproductive age whose body
mass index (BMI) were more than 30 kg/m² was less than 10%. A
similar condition is found in China, especially in south China.
Using the cutoff for inclusion in overweight/obesity in Asia-
Pacific countries (overweight: BMI ≥23 kg/m2; obesity: BMI ≥25
kg/m2), 15.8% of pregnant women were diagnosed with obesity
at the first antenatal visit in Hong Kong. Although 10-24% of
pregnant women were reported to be overweight/obesity, a
similar proportion (11-13%) of underweight pregnant women
were also reported in China (2).

A high BMI is associated with increased risks of developing
pregnancy comorbidities such as gestational diabetes mellitus
(GDM), preeclampsia and cesarean section. Considering the
lower prevalence of obesity in China than that in western
countries, the incidences of pregnancy complications were
assumed to be lower in Chinese pregnant women. However,
the facts are on the contrary. The occurrence of GDM in China is
higher than that in many western countries, such as Northern
California (3), Louisiana (4) and Canada (5). Thus, the risk
factors for GDM or other complications in underweight women
might be different from those in women with obesity.

Dyslipidemia is a well-known risk factor of adverse pregnancy
outcomes, including GDM and large-for-gestational gestational age
(LGA) (6). Maternal triglyceride (TG) levels were elevated
throughout pregnancy, whereas high-density lipoprotein
cholesterol (HDL-c) levels were reduced during the late trimester,
in women with GDM compared with women without GDM (7). A
large community-based cohort study demonstrated that serum TG
levels during the first trimester of pregnancy were positively
associated with adverse obstetric outcomes, including gestational
hypertension, preeclampsia and LGA (8). Another retrospective
study in China showed that total cholesterol (TC) level during early
pregnancy was an independent risk factor for GDM, TG level for
GDM and preeclampsia, and low-density lipoprotein cholesterol
(LDL-c) level for GDM and preterm birth (9). However, rare studies
were concerned about whether the associations between maternal
and fetal morbidities and lipid profiles vary in different pre-
gestational BMI categories.

Therefore, a retrospective cohort study was performed to
evaluate the correlations between maternal lipid profiles and
adverse pregnancy outcomes after grouping pregnant women by
pre-pregnancy BMI as underweight, normal-weight and
overweight women.
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METHOD

Study Population
This study was part of an ongoing cohort study in which subjects
were recruited at the first prenatal visit and followed standard
obstetric management until 3 days after delivery in the First
Affiliated Hospital of Sun Yat-sen University. We retrospectively
included Chinese pregnant women, delivered from January 2015
to December 2016, at the time of antepartum screening for
GDM. Inclusion criteria were: 1) singleton pregnancy without
known chronic non-communicable diseases (except obesity); 2)
attending regular prenatal care in our hospital, and 3) had
integrated medical records. Women were excluded if they had
any of the following conditions: multiple pregnancy, preexisting
hypertension, preexisting diabetes, diseases of immune system or
other diseases that may influence the lipid profile, taking drugs
that affected lipid levels, i.e. glucocorticoids, before or during
pregnancy and missing data on crucial items like height, pre-
pregnancy and pre-partum weight, lipids profile during second
trimester, 75g oral glucose tolerance test (OGTT) results and
pregnancy outcomes.

Data Collection
A file including demographic and medical records was collected.
Demographic data included maternal age, gravidity, parity,
height, pre-pregnancy weight and gestational weight gain
(GWG). Besides, medical information, including lipid profiles
(TC, TG, HDL-c, and LDL-c) during the second trimester of
pregnancy, OGTT results, pregnancy complications (GDM and
preeclampsia), and obstetric outcomes (postpartum hemorrhage,
LGA, small-for-gestational-age e (SGA), and preterm birth),
were also collected.

Biochemical Parameters Measurement
Peripheral blood samples for lipid profiles measurement were
obtained between 08:00 and 09:00 in the morning after overnight
fasting. Biochemical parameters including TC, TG, HDL-c, and
LDL-c were measured with standard enzymatic procedures on an
automatic chemistry analyzer (Abbott Aeroset, Chicago,
IL, USA).

Definition
Pre-pregnancy body mass index (pre-BMI) was calculated as
dividing the pre-pregnancy body weight (kilograms) by the
square of height (meters). Included subjects were classified into
underweight (<18.5 kg/m2), normal-weight (18.5-22.9 kg/m2)
and overweight (≥23 kg/m2) based on the Asia-Pacific
classification of BMI (10). The GWG guidelines published by
the Institute of Medicine (IOM) recommends a GWG of 12.70 –
18.14 kg (28 – 40 lb) for underweight women, 11.34 – 15.88 kg
(25 – 35 lb) for normal-weight women, and 6.80 – 11.34 kg (15 –
25 lb) for overweight women (11). Women in each group were
divided into two subgroups according to the total GWG which
was categorized as above and within the IOM recommendations.

According to the diagnostic criteria, which was founded by
the Chinese Medical Association in 2014 (12), GDM was
diagnosed when any serum glucose value equaled or exceeded
November 2021 | Volume 12 | Article 760934

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Wang et al. Cholesterol in Underweight Women
the thresholds during OGTT:fasting blood glucose (FBG), 5.1
mmol/l; 1 hour, 10.0mmol/l; and 2 hour, 8.5mmol/l. However,
FBG ≥7.0mmol/l or 2-hour result ≥ 11.1mmo/l was considered
as pre-gestational diabetes mellitus and then excluded from
our study.

Preeclampsia was defined as new-onset hypertension (systolic
blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90
mmHg) with albuminuria (≥0.3g protein of urine in 24 hours or
positive detection of random urine protein) or other biochemical
or hematological abnormalities (13).

Postpartum hemorrhage was defined by the International
Federation of Gynecology and Obstetrics (14) criteria (24
hours postpartum bleeding ≥500 ml in vaginal delivery or
≥1000 ml in cesarean delivery).

Small for gestational age (SGA) was defined as neonatal birth
weight less than the 10th percentile for gestational age, and LGA
was above the 90th percentile (15).

Preterm birth was gestational age at delivery smaller than 37
weeks (16).

Statistical Analysis
Data analyses were performed by the SPSS 20.0 (Inc., Chicago,
IL, USA). Normal continuous variables were presented as means
± standard deviation (SD), non-normal continuous variables
were presented as median (interquartile), and categorical
variables were presented as number (percentage). Differences
between groups were assessed by Mann-Whitney U test, Kruskal
Wallis test or Chi-square test as appropriate. Logistic regression
was used to assess the association between lipid profiles during
second trimester and risks for pregnancy complications or
adverse obstetric outcomes. Crude and adjusted analysis was
performed using maternal age as a continuous variable. P value
less than 0.05 was considered statistically significant.
RESULTS

Basic Characteristics and
Obstetric Outcomes
A total of 7, 699 pregnant women delivered in our hospital during
January 2015 and December 2015, and 6, 233 women were
included in this study. The detailed screening procedure is
shown in Figure 1. The proportion of underweight, normal-
weight and overweight women was 19.3% (1, 203/6, 233), 61.3%
(3, 821/6, 233) and 19.4% (1, 209/6, 233), respectively. Table 1
showed the basic characteristics of included subjects. There were
significant differences in maternal age among three groups (P
<0.001), thus the potential effects of maternal age were adjusted in
the following analysis. Gestational weight gain of overweight
women was significantly lower than that of underweight and
normal-weight women (P <0.001). Significantly increased
incidences of GDM and LGA were found in women with higher
pre-pregnancy BMI (P <0.001), whereas a significantly decreased
incidence of SGA was found in women with higher pre-pregnancy
BMI (P <0.001). The incidence of preeclampsia in overweight
women was significantly higher than that in underweight and
Frontiers in Endocrinology | www.frontiersin.org 3
normal-weight women (P <0.001), and the incidence of
postpartum hemorrhage in underweight women was significantly
lower than that in normal-weight women (P =0.007). No
significant differences were found in other comparisons.

Table 2 showed the biochemical biomarkers, including lipid
profiles and OGTT results during second trimester, in
underweight, normal-weight and overweight women
respectively. As our previous study suggested that TG/HDL-c
ratio could be a goodmarker to predict the risks of GDM and LGA
(17), TG/HDL-c ratio was also included in our analysis.
Concentration of TC of overweight women was significantly
lower than that of underweight and normal-weight women (P
<0.001). Concentrations of TG, fasting blood glucose, 1-hour and
2-hour blood glucose of OGTT in pre-pregnancy underweight
women were significantly lower than those in normal-weight and
overweight women (P <0.001), whereas HDL-c level in
underweight women was significantly higher than that in
normal-weight and overweight women (P <0.001) .
Concentration of LDL-c in overweight women was significantly
lower than that in normal-weight women (P =0.024).

Correlations Between Maternal Lipids
and Obstetric Outcomes Stratified by
Pre-Pregnancy BMI
Correlations between maternal lipid profiles during second
trimester and adverse pregnancy outcomes were displayed in
Figure 2. All odds ratios were adjusted for maternal age.

Among underweight women, TG/HDL-c ratio was found to
be positively correlated with the incidence of GDM [aOR =1.29,
95% CI (1.08, 1.53)]. TG level [aOR =1.73, 95% CI (1.10, 2.74)]
and TG/HDL-c ratio [aOR =1.54, 95% CI (1.00, 2.39)] were
positively correlated with the incidence of preeclampsia. TC level
was positively correlated with LGA incidence [aOR =2.24, 95%
CI (1.08, 4.64)]. The incidence of SGA was found to be negatively
correlated with TC [aOR =0.71, 95% CI (0.59, 0.85)], TG [aOR
=0.79, 95% CI (0.66, 0.94)], LDL-c [aOR =0.70, 95% CI (0.59,
0.84)] and TG/HDL-c ratio [aOR =0.79, 95% CI (0.66, 0.94)]. No
significant correlations between lipid profiles and incidence of
preterm birth/postpartum hemorrhage were found in
underweight women.

Among normal-weight women, TG level was positively
correlated with the incidence of GDM [aOR =1.21, 95% CI
(1.10, 1.32)], preeclampsia [aOR =1.37, 95% CI (1.11, 1.70)],
preterm birth [aOR =1.20, 95% CI (1.05, 1.37)] and LGA
[aOR =1.44, 95% CI (1.22, 1.70)]. The ratio of TG/HDL-c was
positively correlated with the incidence of GDM [aOR =1.23,
95% CI (1.12, 1.34)], preeclampsia [aOR =1.31, 95% CI (1.06,
1.62)], preterm birth [aOR =1.32, 95% CI (1.15, 1.51)] and LGA
[aOR =1.45, 95% CI (1.22, 1.71)]. There were no significant
associations between TC, HDL-c or LDL-c and pregnancy
complications in normal-weight women.

Among overweight women, TG level was found to be
positively correlated with the incidence of GDM [aOR =1.35,
95% CI (1.17, 1.57)], preeclampsia [aOR =1.26, 95% CI (1.00,
1.58)] and LGA [aOR =1.33, 95% CI (1.04, 1.71)]. Positive
correlations between TG/HDL-c ratio and incidence of GDM
November 2021 | Volume 12 | Article 760934
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[aOR =1.27, 95% CI (1.10, 1.47)] and preeclampsia [aOR =1.35,
95% CI (1.06, 1.70)] were found in overweight women.

Subgroup Analysis According to
Gestational Weight Gain
Since the GWG among underweight and normal-weight women
were significantly higher than that among overweight women, we
did a subgroup analysis according to GWG. Women in each group
were divided into two subgroups according to the total GWGwhich
was categorized as above and within the IOM recommendations.

Differences in biochemical parameters among each group
were presented in Table 3. Among women with above GWG, no
significant difference in TC level was found, while the
concentrations of TG, fasting blood glucose, 1-hour and 2-
hour blood glucose of overweight women were significantly
higher than those of underweight and normal-weight women.
Frontiers in Endocrinology | www.frontiersin.org 4
Among women within GWG recommendations, maternal TC
and HDL-c levels of underweight women were significantly
higher than those of overweight women. Bes ides ,
concentrations of TG, fasting blood glucose, 1-hour and 2-
hour blood glucose of underweight women were significantly
lower than those of normal-weight and overweight women.

Figure 3 showed the correlations between lipid profiles and
adverse pregnancy outcomes.

Among underweight women who gained more weight beyond
the IOM recommendations, TG level was only found to be
positively correlated with the incidence of preterm birth [aOR =
6.32, 95% CI (1.27, 48.00)]. Meanwhile, TC was positively
correlated with LGA incidence [aOR =2.44, 95% CI (1.11, 5.91)],
but negatively correlated with SGA incidence [aOR =0.28, 95% CI
(0.06, 0.88)]. The associations between maternal TC and the
incidence of LGA and SGA remained after adjusting the GWG
FIGURE 1 | Flow chart of selecting eligible subjects. OGTT, oral glucose tolerance test.
TABLE 1 | Basic characteristics and obstetric outcomes of subjects included in the study (N =6, 233).

Underweight Normal-weight Overweight P value

N (% of total subjects) 1, 203 (19.3%) 3, 281 (61.3%) 1, 209 (19.4%)
Maternal age 29.5 ± 3.9 31.4 ± 4.3 32.6 ± 4.2 <0.001abc

Gravity 2.2 ± 1.2 2.1 ± 1.2 2.1 ± 1.2 0.532
Parity 0.5 ± 0.6 0.5 ± 0.6 0.4 ± 0.6 0.608
Height 1.60 ± 0.05 1.60 ± 0.05 1.60 ± 0.05 0.428
Pre-pregnancy weight 45.1 ± 3.2 52.8 ± 4.5 64.2 ± 7.1 <0.001abc

Pre-pregnancy BMI 17.5 ± 0.8 20.6 ± 1.2 25.1 ± 2.2 <0.001abc

GWG 13.7 ± 4.6 13.3 ± 4.3 11.4 ± 4.7 <0.001bc

GDM (% of each group) 205 (17.0%) 689 (21.0%) 355 (29.4%) <0.001abc

Preeclampsia (% of each group) 30 (2.5%) 105 (3.2%) 104 (8.6%) <0.001bc

Preterm birth (% of each group) 83 (6.9%) 266 (8.1%) 114 (9.4%) 0.219
PPH (% of each group) 54 (4.5%) 256 (7.8%) 80 (6.6%) 0.007a

LGA (% of each group) 23 (1.9%) 177 (5.4%) 89 (7.4%) <0.001abc

SGA (% of each group) 200 (16.6%) 318 (9.7%) 70 (5.8%) <0.001abc
N
ovember 2021 | Volume 12 | Artic
BMI, body mass index; GWG, gestational weight gain; GDM, gestational diabetes mellitus; PPH, postpartum hemorrhage; LGA, large for gestational age; SGA, small for gestational age.
a, b, cindicates a significant difference between underweight and normal weight, underweight and overweight, and normal weight and overweight, respectively.
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and maternal age (Supplementary Tables 1 and 2). Among
underweight women within IOM recommended GWG, a positive
correlation between GDM incidence and TG [aOR =1.25, 95% CI
(1.02, 1.66)] and TG/HDL-c ratio [aOR =1.48, 95% CI (1.05, 2.10)]
was found. Besides, TC level was found to be negatively correlated
with SGA incidence [aOR =0.80, 95% CI (0.67, 0.95)], but no
significant association with the incidence of LGA.

Among normal-weight women whose GWG were above the
IOM recommendations, the concentrations of TC [aOR =1.25,
95% CI (1.00, 1.56)], TG [aOR =1.45, 95% CI (1.11, 1.90)], LDL-c
[aOR =1.54, 95% CI (1.11, 2.13)] and TG/HDL-c ratio [aOR =1.64,
95% CI (1.08, 2.44)] were positively correlated with the incidence
of GDM. HDL-c level was negatively correlated with the incidence
of preterm birth [aOR =0.36, 95% CI (0.13, 0.94)]. TG level
[aOR =1.62, 95% CI (1.23, 2.13)] and TG/HDL-c ratio [aOR
=2.56, 95% CI (1.71, 3.87)] were positively correlated with the
incidence of LGA, whereas HDL-c level was negatively correlated
with LGA incidence [aOR =0.27, 95% CI (0.13, 0.55)]. No
significant associations between lipids and incidence of
preeclampsia, postpartum hemorrhage or SGA were observed.
Among women within IOM recommended GWG, a positive
correlation between GDM incidence and TG [aOR =1.16, 95% CI
(1.04, 1.30)] and TG/HDL-c ratio [aOR =1.16, 95% CI (1.00, 1.35)]
Frontiers in Endocrinology | www.frontiersin.org 5
was found. In addition, TG level was found to be positively
correlated with the incidence of preeclampsia [aOR =1.25, 95% CI
(1.03, 1.49)], preterm birth [aOR =1.22, 95% CI (1.07, 1.40)] and
LGA [aOR =1.26, 95% CI (1.05, 1.50)].

Among overweight women whose GWG were above the IOM
recommendations, TG was found to be positively correlated with
the incidence of GDM [aOR =1.33, 95% CI (1.04, 1.71)], preterm
birth [aOR =1.66, 95% CI (1.17, 2.33)] and LGA [aOR =1.47, 95%
CI (1.05, 2.02)]. The ratio of TG/HDL-c was positively correlated
with the incidence of preeclampsia [aOR =1.62, 95% CI (1.01, 2.52),
preterm birth [aOR =1.76, 95% CI (1.01, 2.92)] and LGA [aOR =
1.97, 95% CI (1.21, 3.16)]. No significant association between other
lipids and pregnancy complications was observed. On the other
hand, there was no significant association between lipid profiles and
pregnancy complications in overweight women within IOM
recommended GWG.
DISCUSSION

Main Findings
In the present study, we conducted a large retrospective cohort
study to assess the association between lipid profiles during the
TABLE 2 | Maternal biochemical markers during second trimester stratified by pre-pregnancy BMI.

Underweight Normal-weight Overweight P value

TC 6.55 ± 1.16 6.49 ± 1.10 6.29 ± 1.18 <0.001bc

TG 2.10 ± 1.61 2.30 ± 0.91 2.61 ± 1.30 <0.001abc

HDL-c 2.10 ± 0.37 2.03 ± 0.36 1.94 ± 0.35 <0.001abc

LDL-c 3.69 ± 0.80 3.68 ± 1.61 3.53 ± 0.74 0.024c

TG/HDL-c 1.03 ± 0.53 1.19 ± 0.67 1.42 ± 0.81 <0.001abc

OGTT-0h 4.32 ± 0.35 4.42 ± 0.37 4.57 ± 0.45 <0.001abc

OGTT-1h 7.51 ± 1.66 7.87 ± 1.64 8.33 ± 1.66 <0.001abc

OGTT-2h 6.76 ± 1.42 6.99 ± 1.37 7.28 ± 1.35 <0.001abc
November 2021 | Volume 12 | Artic
BMI, body mass index; TC, total cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; OGTT, oral glucose tolerance test.
a, b, cindicates a significant difference between underweight and normal weight, underweight and overweight, and normal weight and overweight, respectively.
FIGURE 2 | Lipid profiles during second trimester and pregnancy complications stratified by pre-pregnancy BMI. BMI, body mass index; aORs, adjusting odd ratios;
CI, confidence interval; GDM, gestational diabetes; PPH, postpartum hemorrhage; LGA, large for gestational age; SGA,small for gestational age. Included subjects
were grouped into underweight (<18.5 kg/m2), normal-weight (18.5-22.9 kg/m2), and overweight (≥23 kg/m2) by BMI before conception based on the WHO criteria
for Asian populations. All ORs were adjusted for maternal age.
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second trimester and adverse pregnancy outcomes in women
grouped by pre-pregnancy BMI. We found that, in South China,
the proportion of pre-pregnancy underweight women (19.3%)
was similar to that of overweight women (19.4%) according to
the WHO criteria for Asian populations. Moreover, maternal TC
levels in underweight women were significantly higher than
normal-weight and overweight women. Maternal TC level was
found to be positively correlated with the incidence of LGA and
negatively correlated with the incidence of SGA in underweight
but not in normal-weight or overweight women. Besides, a
subgroup analysis according to GWG showed that the positive
association between maternal TC concentration and LGA
incidence was found in underweight women with higher GWG
but not those within the IOM recommended GWG.

Our previous study showed that women in the BMI range of
25 to 28 kg/m2 are at high risks, similar to women with BMI
≧28kg/m2, for adverse obstetric outcomes, suggesting that a
lower BMI cut-off for defining obesity would be better for
pregnant women in China, especially in South China (18).
Thus the WHO criteria specifically for Asian-Pacific countries
were used in our study. The increasing prevalence of maternal
obesity and related complications necessitates focusing clinical
management on lipids profiles during gestation. The similar
proportion of underweight to that of overweight women, but
the still high incidence of pregnancy complications in our study,
demonstrated that metabolic management might also be
necessary for underweight women.

We found that circulating TC levels in underweight women
were significantly higher than that in normal-weight and
overweight women. Our finding was consistent with research in
Pune, which showed that TC concentrations elevated during 18
and 28 gestational weeks in underweight women (19). Cholesterol
acts as a precursor to many hormones, including estrogen and
progesterone. Lassance et al. (20) found that serum concentrations
Frontiers in Endocrinology | www.frontiersin.org 6
of estradiol and progesterone were significantly lower in pregnant
women with obesity (BMI 30–35 kg/m2) than in normal-weight
pregnant women (BMI 19–25 kg/m2). Cholesterol is essential for
fetal growth, steroid synthesis and neurodevelopment, supported
by the observations that abnormal cholesterol metabolism was
related to impaired neurodevelopment (21), low birthweight (22),
and fetal growth restriction (23). The fetus is unable to synthesize
cholesterol due to the immature liver and adrenal gland. Thus, the
physiological hyperlipidemia could be an adaptive response to
satisfy the increased fetal demand with advancing gestation (24,
25). Taken together with a significantly lower incidence of SGA in
underweight than normal-weight and overweight women, we
speculate that the increase in circulating TC levels might be a
compensatory response to ensure the sufficient cholesterol supply
to the fetal growth.

Our results demonstrated TC levels were positively correlated
with the incidence of LGA and negatively correlated with the
incidence of SGA in underweight but not in normal-weight or
overweight women. Consistently, Kulkarni et al. reported that TC
levels were positively related to the newborn birth size, including
birth weight, abdominal circumference and mid-upper-arm
circumference, in rural underweight women, and a 1-SD-higher
TC during second trimester was associated with a 39-g-higher
birthweight (19). A recent cohort study in Japan demonstrated that
an increase in maternal TC was linearly associated with LGA and a
decrease in maternal TC was associated with SGA after adjusting
several confounders, including maternal age, pre-pregnancy BMI,
GWG, and glucose level (26). However, inconsistent findings were
reported. M.Mudd et al. demonstrated that low cholesterol was
associated with lower birthweight in women with BMI <25kg/m2,
but not in women with BMI ≧25 kg/m2 (27). The inconsistency
with our study might be because included subjects were classified
into normal-weight and overweight, but no underweight women
were further divided in M.Mudd et al. (27). Krstevska et al. showed
TABLE 3 | Maternal biochemical markers during second trimester stratified by pre-pregnancy BMI.

Underweight Normal-weight Overweight P value

Above IOM recommended GWG
N 136 834 606
TC 6.58 ± 1.09 6.55 ± 1.05 6.38 ± 1.27 0.059
TG 2.12 ± 0.63 2.26 ± 0.78 2.54 ± 0.95 <0.001bc

HDL-c 2.05 ± 0.36 2.08 ± 0.37 1.97 ± 0.35 <0.001c

LDL-c 3.75 ± 0.81 3.67 ± 0.70 3.57 ± 0.76 0.035
TG/HDL-c 1.07 ± 0.40 1.14 ± 0.51 1.35 ± 0.63 <0.001bc

OGTT-0h 4.38 ± 0.48 4.42 ± 0.43 4.50 ± 0.43 0.006c

OGTT-1h 7.43 ± 1.58 7.66 ± 1.58 8.05 ± 1.63 <0.001bc

OGTT-2h 6.59 ± 1.32 6.71 ± 1.26 7.04 ± 1.26 <0.001bc

Within IOM recommended GWG
N 1067 2447 603
TC 6.55 ± 1.17 6.47 ± 1.12 6.20 ± 1.08 <0.001bc

TG 2.10 ± 1.70 2.31 ± 0.95 2.68 ± 1.58 <0.001abc

HDL-c 2.11 ± 0.38 2.02 ± 0.36 1.90 ± 0.33 <0.001abc

LDL-c 3.68 ± 0.80 3.68 ± 1.82 3.49 ± 0.72 0.089
TG/HDL-c 1.02 ± 0.54 1.21 ± 0.72 1.48 ± 0.96 <0.001abc

OGTT-0h 4.28 ± 0.47 4.42 ± 0.40 4.61 ± 0.56 <0.001abc

OGTT-1h 7.48 ± 1.76 7.93 ± 1.69 8.56 ± 1.75 <0.001abc

OGTT-2h 6.73 ± 1.54 7.06 ± 1.45 7.45 ± 1.49 <0.001abc
November 2021 | Volume 12 | Artic
BMI, body mass index; TC, total cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; OGTT, oral glucose tolerance test.
a, b, cindicates a significant difference between underweight and normal weight, underweight and overweight, and normal weight and overweight, respectively.
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that TC levels were negatively correlated, whereas LDL-c positively
correlated, with LGA in women complicating diabetes (28). Adank
et al. reported remnant cholesterol in early pregnancy, which was
calculated by TC minus HDL-c and LDL-c, was positively
associated with risk of LGA independent of pre-pregnancy BMI,
but no association between lipids in early pregnancy and SGA (29).
A systematic review reported a positive correlation between
maternal TG and LGA, a positive correlation between maternal
HDL-c and SGA and a negative correlation between maternal TG
and SGA, but no other significant correlation between other lipids
and LGA/SGA were found (30). The inconsistency might be
explained by the variations in study design (stratifying by pre-
pregnancy BMI), or different timing of tests such as early or
mid-pregnancy.
Frontiers in Endocrinology | www.frontiersin.org 7
On the other hand, the GWG of underweight women was
significantly higher than that in normal-weight and overweight
women. A previous large multi-center study demonstrated that in
comparison to GWG within the IOM recommendations, GWG
above was associated with increased risks for LGA and reduced
risk for SGA (31). So we did a further subgroup analysis, in which
the subjects in each group were divided into above and within the
IOM recommendations, to eliminate the potential effects from
GWG. Our results showed that the positive association between
maternal TC level and LGA incidence was observed in
underweight women above the IOM recommendations only,
and a negative association between maternal TC level and SGA
incidence was found in underweight women disregard the GWG.
In addition, these associations remained after adjusting the effects
of GWG, suggesting that higher maternal TC level was related to
increased risk for LGA, especially in underweight women whose
GWG was above the IOM recommendations, and GWG might
contribute less significantly to this association.

Our findings imply that underweight women with high and
low maternal TC levels during mid-pregnancy might have a
higher risk of LGA and SGA respectively, and maternal TC level
might be useful in identifying high-risk for LGA or SGA. Among
underweight women who disregard the GWG within or beyond
the IOM recommendations, low maternal TC was associated
with an increased risk of SGA. Although the effects of nutrition
intakes on maternal TC levels were not studied in our studies,
our findings suggested that low maternal TC might reflect
undernutrition and deficiency in micronutrients essential for
fetal development, and undernutrition indicated by low maternal
TC level during the second trimester of gestation should be
avoided to prevent SGA. However, excessive maternal
cholesterol might also be associated with an increased risk of
LGA, especially in underweight women whose GWG were
beyond the IOM recommendations. It has been demonstrated
that women with higher cholesterol intake were more likely to
have LGA infants than women with lower cholesterol intake,
suggesting that dietary intake of cholesterol during gestation also
affects fetal growth (32). Moreover, given the similar proportion
of underweight and overweight women and the high risk of
metabolic disorders in “metabolically obese” women, we should
pay equivalent attention to pregnant women with obesity on
underweight women. Therefore, lifestyle interventions for
controlling gestation weight gain should be emphasized not
only in overweight women or women with obesity, but also in
pre-pregnancy underweight women.

On the other hand, our findings demonstrated that maternal
TG level was positively correlated with the incidence of GDM,
preeclampsia and preterm birth disregard the pre-pregnancy BMI,
which were in accordance with previous studies (33–35). These
observations suggested that metabolic management of lipids
during gestation should be implemented in all pregnant women.

Strengths and Limitations
The main strength of this study was that we divided the included
subjects by pre-pregnancy BMI based on a proper criterion, and
investigated the association between lipid profiles during mid-
pregnancy and adverse obstetric outcomes. Associations
FIGURE 3 | Lipid profiles during second trimester and pregnancy complications
stratified by pre-pregnancy BMI and gestational weight gain. BMI, body mass
index; aORs, adjusting odd ratios; IOM, Institute of Medicine; GWG, gestational
weight gain; GDM, gestational diabetes mellitus; PPH, postpartum hemorrhage;
LGA, large for gestational age; SGA, small for gestational age; TC, total
cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; LDL-c,
low-density lipoprotein cholesterol. Included subjects were grouped into
underweight (<18.5 kg/m2), normal-weight (18.5-22.9 kg/m2), and overweight
(≥23 kg/m2) by BMI before conception based on the WHO criteria for Asian
populations first. Subjects in each group were divided into two subgroups
according to the total GWG which was categorized as above and within the
IOM recommendations. All ORs were adjusted for maternal age.
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identified in our study were more reliable after eliminating the
effects of pre-pregnancy BMI and GWG. Additionally, we
focused on the associations between cholesterol level and
adverse obstetric outcomes in underweight women, which have
not been well investigated before. Thus, findings in our study
provided evidence that clinical management of lipids was also
necessary for underweight women. Besides, a large sample size
with more than 6, 000 subjects was also a strength of our study.

There were some limitations in our study. Demographic
information including height and weight were recalled and
self-reported by included subjects, which might cause recall
bias in data analysis. Also, diet before the test might affect the
lipid and glucose levels, supported by the observations that the
amount and composition of dietary fat were associated with lipid
concentrations (36, 37). Proper diet guidance before blood tests
should be given to pregnant women. On the other hand, women
diagnosed as GDMmight voluntarily adjust their lifestyle during
gestation, which might improve the pregnancy outcomes and
affect the associations between lipid profiles and adverse obstetric
outcomes we measured in this study.
CONCLUSION AND IMPLICATIONS

We found that the proportion of underweight women was nearly
equivalent to that of overweight women, using the WHO criteria
specific for Asian populations. Maternal TC levels of underweight
women were significantly higher than those of normal-weight and
overweight women. Besides, a positive association between
maternal TC levels and incidence of LGA and a negative
association between TC levels and the incidence of SGA was
found in underweight but not in normal-weight or overweight
women, especially among underweight women who gained weight
above the IOM recommendations. Our findings provided evidence
that clinic management on lipids and weight gain during gestation
should also be recommended to underweight women.
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