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Abstract 

Background:  An increasing body of evidence suggests that cholesterol intake increases during pregnancy and 
may influence the risk of gestational diabetes mellitus (GDM). However, existing evidence remains controversial and 
limited. The present study aimed to determine the relation among dietary cholesterol, specifically egg consumption, 
in pregnant Chinese women and their risk of GDM.

Methods:  A population-based study that included 1617 pregnant women was conducted in 2017. At baseline, 
dietary information was collected by 24-hour dietary recalls over three days. GDM was diagnosed by a 75 g 2-hr oral 
glucose tolerance test (OGTT) at 24-28 weeks of gestation. Logistic regression models were used to examine the asso-
ciations of dietary cholesterol and egg intake with GDM. In addition, path analysis including cholesterol intake, plasma 
lipid profiles and GDM risk was conducted.

Results:  The average total cholesterol intake was 340.8 mg/d, and cholesterol from eggs accounted for 59.2%. The 
odds ratio (OR) of GDM risk was 1.48 for the highest quartile of total cholesterol intake compared to the lowest quar-
tile (95% CI 1.10-2.00; P trend = 0.015) after adjustment for potential risk factors for GDM. Moreover, cholesterol from 
eggs rather than from other foods was positively associated with incident GDM (OR=1.09, 95% CI 1.03-1.17). Each 
additional egg consumed per day was positively correlated with a higher risk of GDM (OR=1.32, 95% CI 1.11-1.58). 
Path analysis indicated that cholesterol intake not only increased the risk of GDM by elevating plasma total cholesterol 
(TC), but also increased the risk of GDM through other non hyperlipidemia pathways.

Conclusions:  Maternal dietary cholesterol intake was significantly associated with incident GDM, and egg consump-
tion was a major driver of the association in this population. More studies are needed to substantiate these findings 
and to explore the underlying mechanisms.
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Background
Gestational diabetes mellitus (GDM), one of the most 
common obstetric complications, is a condition in which 
carbohydrate intolerance develops during pregnancy 
[1]. The prevalence of GDM is increasing worldwide, 
and GDM has been associated with an increased risk of 
maternal and neonatal adverse outcomes [2], as well as 
metabolic diseases such as obesity and type 2 diabetes 
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mellitus (T2DM) in both mothers [3, 4] and their off-
spring [5, 6] in the long term. In 2015, the estimated cost 
of treating GDM and its complications in China was an 
astounding $5.59 billion [7].

Eggs and other cholesterol-rich foods are generally 
rich in high-quality protein and micronutrients; thus, 
pregnant women are encouraged to consume more. One 
survey in China showed that pregnant women’s dietary 
cholesterol intake could reach 379 mg/d [8]. Therefore, 
the effects of cholesterol intake during pregnancy war-
rant further analysis. Previous studies have indicated that 
dietary cholesterol increases the risk of GDM [9, 10], and 
a meta-analysis of five longitudinal studies has shown 
that high cholesterol intake is positively associated with 
the risk of developing T2DM [11]. However, some stud-
ies have reported no association between cholesterol and 
T2DM or GDM [12–15]. Therefore, the relation between 
cholesterol intake and GDM is still unclear. In addition, 
extrapolating findings from previous studies to popula-
tions in other regions requires extra caution, given the 
wide diversity in dietary habits and disease incidence 
in different regions. To the best of our knowledge, no 
studies investigating the impact of dietary cholesterol 
on pregnant women have been reported in Southwest 
China.

Cholesterol, saturated fat, and animal protein often 
coexist in diets [10]. The interaction between dietary cho-
lesterol and these nutrients with GDM remains uncer-
tain. In addition, it is unknown whether plasma lipids 
play an important role in the association between dietary 
cholesterol and GDM, and it is also unclear whether 
different dietary cholesterol resources are important. 
Eggs are a major source of dietary cholesterol, and a 
medium-sized egg (edible part weight≈50 g) contains 
approximately 292 mg of cholesterol [16]. Several previ-
ous studies have suggested that egg consumption may be 
associated with GDM [8, 9]. However, previously pub-
lished studies have yielded inconsistent findings [13–15]. 
The primary objective of the present study was to deter-
mine the association of dietary cholesterol and egg intake 
with GDM risk in pregnant Chinese women.

Methods
Study population and design
Participants for the present analysis were derived from 
a population-based prospective study conducted in 
Sichuan Provincial Hospital for Women and Children, 
Southwest China, which was designed to investigate the 
effects of maternal dietary, lifestyle and biochemical fac-
tors on the health of pregnant women. Pregnant women 
were invited to join this cohort during their first prena-
tal visit from February to September 2017. We recruited 
1842 healthy women who met the following inclusion 

criteria: singleton pregnancy, gestational age ranging 
from 6 to 14 weeks, and absence of chronic metabolic 
diseases. When recruited, all participants completed 
an interviewer-administered questionnaire and were 
interviewed face-to-face by trained investigators about 
their lifestyle and dietary intake. If the pregnant woman 
reported severe vomiting, we did not collect her dietary 
information. This study was approved by the Institu-
tional Ethics Committee of Sichuan University (reference 
k2017037) on March 14, 2017. All participants provided 
written informed consent.

In the present study, we considered the participants 
with the lowest quartile of cholesterol intake as the con-
trol group and the other participants as the exposure 
group. N1/P1 and N2/P2 are the numbers of partici-
pants/incidence rate of GDM in the exposure group and 
control group, respectively; we set N1/N2 = 3:1, aim-
ing to explore the influence of three quartiles of cho-
lesterol intake on GDM risk by comparing them to the 
lowest quartile of cholesterol intake (the control group). 
According to previous studies, the incidence of GDM in 
China was 17.5-18.9% [17, 18]. Compared to the lowest 
quintile, the ORs for GDM were 1.30-2.03 in other quin-
tiles of cholesterol intake [8]. Therefore, we set P1=20%, 
and P2=12% in the present study. We then used PASS 
15.0 (NCSS, LLC, Kaysville, UT, USA) to calculate the 
sample size (α = 0.05 (two-sided), 1-β = 0.90), and the 
minimum sample size (N = N1+N2) required was 1200 
participants.

Of these participants, 225 were excluded for preges-
tational diabetes (n = 8), history of GDM at baseline (n 
= 39), missing data on GDM diagnosis (n = 51), miss-
ing/incomplete data on dietary information (n = 104), 
and absence of other important information (n = 4). 
Pregnant women who reported implausible total energy 
intake (<2090 or >14630 kJ/d; n = 19) [19–21] were also 
excluded (n = 19). Therefore, 1617 pregnant women were 
eventually obtained for the statistical analyses. A flow-
chart providing a detailed breakdown of the sample size 
for this study is shown in Fig. 1.

Dietary assessment
Dietary information was assessed by well-trained inter-
viewers who had majored in nutrition through 24-h die-
tary recalls for three days, including two business days 
and one holiday. Detailed information about the types 
and amounts of food that participants ate and drank 
over the past 24-h period was obtained through face-to-
face interviews at recruitment. Estimation tools such as 
standard serving bowls, cups, spoons, and food pictures 
of various portion sizes were used to assist quantification 
and reduce participant recollection bias. Dietary infor-
mation for the remaining two days was collected from 
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specialized interviewers by telephone in a structured 
manner.

Nutrition calculator v.2.7.3 was utilized to calculate the 
average daily intake of nutrients and energy based on the 
China Food Composition Database [16]. Dietary glycae-
mic load (GL) was calculated according to International 
Tables of Glycaemic Index [22] and the China Food Com-
position Database [16]. One egg was calculated as 50 g of 
edible part.

Outcome assessment
Between gestational weeks 24 and 28, the participants 
were routinely screened using an oral glucose tolerance 
test (OGTT) to diagnose GDM. According to the crite-
ria of the International Association of Diabetic Preg-
nancy Study Group guidelines [23], GDM was diagnosed 
if any of the glucose values on the 75g 2-hr OGTT met 
or exceeded the following thresholds: fasting plasma glu-
cose ≥ 5.1 mmol/L (92 mg/dL), 1-h plasma glucose ≥ 
10.0 mmol/L (180 mg/dL), or 2-h plasma glucose ≥ 8.5 
mmol/L (153 mg/dL).

Other variables
At baseline, information on maternal sociodemographic, 
clinical, and lifestyle factors was collected by trained 

investigators through face-to-face interviews with struc-
tured questionnaires. Prepregnancy weight was self-
reported. Maternal height was measured by the standard 
method. The measurement accuracy was 0.1 cm, and the 
average of two consecutive measurements was used for 
analysis. Body mass index (BMI) was calculated by divid-
ing height by the square of weight. Weight gain from 
pregnancy to OGTT (WGPO) was calculated as maternal 
weight at OGTT minus the prepregnancy weight. Physi-
cal activity was assessed using the pregnancy physical 
activity questionnaire (PPAQ), which has high reliability 
and validity [24]. A family history of diabetes was defined 
as having one or more first-degree relatives with diabe-
tes. The plasma lipid profile concentration was measured 
at 12±1 gestational weeks after participants fasted over-
night and within 2 hours after sampling. Fasting plasma 
glucose (FPG) was measured using the glucosidase 
method at 12±1 gestational weeks. Pregestational diabe-
tes was diagnosed if the FPG ≥ 7.0 mmol/L (126 mg/dL )
[25]. All tests were performed in the same laboratory and 
followed standard protocols.

Statistical analyses
Continuous variables are presented as the means and 
standard deviations, and categorical variables are 

Fig. 1  Flowchart for inclusion and exclusion of the study participants
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summarized as frequencies and percentages. Analysis of 
variance (ANOVA) and chi-square tests were used to com-
pare the maternal characteristics according to cholesterol 
and egg consumption. Logistic regression models were 
used to examine the associations among cholesterol con-
sumption, egg consumption, and GDM, and the results are 
presented as odds ratios (ORs) with 95% confidence inter-
vals (CIs). We performed tests for linear trends by entering 
the median value of each category of cholesterol and egg 

intake as a continuous variable in the models. Generalized 
linear models were conducted to examine the association 
of total cholesterol and egg intake (per 100 mg/d and one 
egg/d increase, respectively) with FPG, 1-h postprandial 
plasma glucose (PPG), and 2-h PPG, and the results are 
presented as coefficients (β) with 95% CIs. We specifically 
selected confounding factors from the literature.

Nutrients correlated with dietary cholesterol (satu-
rated fat, unsaturated fat, animal protein, and fibre) 

Table 1  Characteristics and dietary intake of participants according to quartile of total cholesterol intake

BMI body mass index, WGPO Weight gain from pregnancy to OGTT, TG triglyceride, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density 
lipoprotein cholesterol, GDM gestational diabetes mellitus, MET metabolic equivalent

Characteristic Overall Quartile of total cholesterol intake (mg/d) P -value

Q1(≤186.0) Q2(186.1-
332.0)

Q3(332.1-
464.0)

Q4(>464.0)

N 1617 408 404 401 404

Age, years (mean, SD) 28.6 4.1 28.0 3.8 28.5 3.9 29.0 4.4 28.9 4.1 0.001

Prepregnancy BMI, kg/m2 (mean, SD) 21.1 3.1 21.2 3.2 21.1 3.1 21.3 3.0 20.9 3.0 0.249

Parity (N, %)

  Primiparous 1157 71.6 290 71.1 286 70.8 293 73.1 288 71.3 0.890

  Multiparous 460 28.4 118 28.9 118 29.2 108 26.9 116 28.7

Family history of diabetes (N, %) 162 10.0 40 9.8 40 9.9 41 10.2 41 10.1 0.997

Education (N, %)

  High school or lower 387 23.9 103 25.2 109 27.0 96 23.9 79 19.6 <0.001

  Junior college 590 36.5 175 42.9 135 33.4 146 36.4 134 33.2

  University or higher 640 39.6 130 31.9 160 39.6 159 39.7 191 47.3

Monthly income of the family per capita, yuan (N, %)

  ≤5000 535 33.1 147 36.0 125 30.9 134 33.4 129 31.9 0.215

  5000~9999 743 45.9 192 47.1 191 47.3 184 45.9 176 43.6

  ≥10000 339 21.0 69 16.9 88 21.8 83 20.7 99 24.5

Smoking before pregnancy (N, %) 61 3.8 17 4.2 10 2.5 12 3.0 22 5.5 0.119

Alcohol consumption before pregnancy (N, %) 131 8.1 34 8.3 23 5.7 28 7.0 46 11.4 0.021

WGPO, kg (mean, SD) 6.20 3.31 5.64 3.26 6.43 3.25 6.27 3.26 6.44 3.40 0.001

Physical activity, MET-h wk-1 (mean, SD) 106.8 46.4 105.3 48.8 108.7 49.0 105.8 41.9 107.4 45.5 0.710

Plasma TG, mmol/L (mean, SD) 1.32 0.50 1.30 0.47 1.31 0.45 1.36 0.52 1.30 0.57 0.257

Plasma TC, mmol/L (mean, SD) 4.14 0.64 4.05 0.66 4.13 0.61 4.17 0.63 4.21 0.67 0.002

Plasma LDL-C, mmol/L (mean, SD) 2.05 0.9 2.03 0.52 2.05 0.48 2.06 0.48 2.04 0.48 0.932

Plasma HDL-C, mmol/L (mean, SD) 1.67 0.34 1.60 0.34 1.66 0.34 1.68 0.32 1.75 0.35 <0.001

GDM (N, %) 571 35.3 118 28.9 146 36.1 151 37.7 156 38.6 0.016

Dietary intake
  Eggs, number/d (mean, SD) 0.71 0.58 0.12 0.21 0.49 0.29 0.89 0.31 1.34 0.56 <0.001

  Red meats, g/d (mean, SD) 59.5 50.5 39.3 39.0 59.5 41.7 61.0 51.1 78.3 59.7 <0.001

  Poultry, g/d (mean, SD) 12.5 29.2 6.3 17.7 11.2 22.4 13.5 29.2 19.3 40.8 <0.001

  Fish/shellfish, g/d (mean, SD) 18.6 41.8 6.9 19.3 14.1 33.5 17.6 41.6 35.8 57.8 <0.001

  Total dairy products, g/d (mean, SD) 138.5 132.8 93.8 116.2 132.6 129.5 149.4 124.7 178.7 145.0 <0.001

  Animal organs, g/d (mean, SD) 5.4 17.3 3.2 14.8 4.6 11.5 4.5 13.6 9.1 25.4 <0.001

  Dietary glycaemic load, g/d (mean, SD) 153.3 59.4 147.3 58.7 152.7 53.6 158.4 67.6 154.8 56.7 0.061

  Energy intake, kcal/d (mean, SD) 1848.1 530.5 1600.1 486.6 1819.1 510.2 1901.2 475.4 2074.9 535.9 <0.001

  Saturated fat, unsaturated fat, g/d (mean, SD) 68.8 24.8 53.0 19.1 66.6 23.5 72.0 20.3 83.6 25.6 <0.001

  Animal protein, g/d (mean, SD) 25.4 15.4 12.8 8.2 22.7 10.4 27.3 12.2 39.1 16.4 <0.001

  Fibre, g/d (mean, SD) 12.9 6.3 11.9 6.5 12.9 6.7 13.0 5.8 13.7 5.9 <0.001
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were adjusted individually or in combination with 
Model 2 covariates to evaluate the independent effect 
of cholesterol on GDM. To determine whether cer-
tain cholesterol-containing foods were major drivers 
of the association, we individually adjusted for eggs, 
red meat, fish/shellfish, poultry, total dairy products, 
and animal organs. To determine whether the effect of 
total cholesterol on GDM is related to elevated plasma 
lipids, the concentrations of plasma triglyceride (TG), 
total cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C), and high-density lipoprotein choles-
terol (HDL-C) were further adjusted individually or in 
combination.

To evaluate the modification effect by potential risk 
factors for GDM, including maternal age (<30 or ≥30 

years), prepregnancy BMI (<24 or ≥24 kg/m2), par-
ity (primiparous or multiparous), physical activity 
(<Median or ≥Median), family history of diabetes (yes 
or no), concentration of plasma TG, TC, LDL-C, and 
HDL-C (<Median or ≥Median), we conducted strati-
fied analyses by these potential factors and estimated P 
values for interaction terms. In addition, path analysis, 
including total cholesterol intake, plasma TG, TC, LDL-
C, HDL-C levels, and GDM risk, was conducted. Age 
and prepregnancy BMI were included as possible con-
founding factors. All analyses were performed using the 
statistical package R (http://​www.R-​proje​ct.​org; 3.4.3 
version) and Empower (R) (www.​empow​ersta​ts.​com, 
X&Y Solutions, Inc. Boston MA). Statistical significance 
was accepted at a two-sided P value of <0.05.

Table 2  Associations between total cholesterol intake per day and GDM

TG triglyceride, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, GDM gestational diabetes mellitus
a  Crude model
b  Adjusted for energy intake, age, prepregnancy BMI, education, income of family, parity, family history of diabetes, smoking before pregnancy, alcohol consumption 
before pregnancy, physical activity, dietary glycaemic load, weight gain from pregnancy to OGTT​
c  Nutrients correlated with dietary cholesterol (saturated fat, unsaturated fat, trans fat, animal protein and fibre) were adjusted individually or in combination, in 
addition to Model 2 covariates
d  To determine if certain cholesterol-containing foods were major determinants for the associations, eggs, red meat, poultry, fish and shellfish, total dairy products 
and edible offal were adjusted individually in addition to Model 2 covariates
e  To determine whether the effect of total cholesterol on GDM is related to the increase of plasma lipid profiles, the concentrations of plasma TG, TC, LDL-C and HDL-C 
were further adjusted individually or in combination in addition to Model 2 covariates

Continuous 
variable (each 
additional 100 
mg/d)

Quartile of total cholesterol intake (mg/d) P for trend

Q1 Q2 Q3 Q4

OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Median, mg/d 332.0 103.0 268.0 394.0 571.5 -

Model 1a 1.08 1.03-1.14 1.00 - 1.39 1.04-1.87 1.48 1.11-1.99 1.55 1.15-2.07 0.004

Model 2b 1.07 1.02-1.13 1.00 - 1.39 1.03-1.88 1.40 1.04-1.89 1.48 1.10-2.00 0.015

Model 2 plus nutrients c

  Saturated fat, unsaturated fat 1.07 1.01-1.13 1.00 - 1.37 1.01-1.86 1.37 1.00-1.87 1.42 1.02-1.98 0.049

  Animal protein 1.10 1.03-1.18 1.00 - 1.43 1.05-1.96 1.45 1.04-2.00 1.61 1.11-2.34 0.019

  Fibre 1.07 1.02-1.13 1.00 - 1.40 1.03-1.89 1.40 1.04-1.90 1.49 1.10-2.01 0.014

  All previous nutrients 1.10 1.02-1.17 1.00 - 1.42 1.04-1.94 1.42 1.02-1.97 1.59 1.09-2.32 0.024

Model 2 plus cholesterol-containing foods d

  Eggs 1.01 0.92-1.11 1.00 - 1.26 0.91-1.73 1.13 0.77-1.64 1.05 0.66-1.66 0.941

  Red meats 1.08 1.02-1.14 1.00 - 1.39 1.02-1.88 1.41 1.04-1.91 1.51 1.11-2.07 0.013

  Poultry 1.08 1.02-1.14 1.00 - 1.38 1.02-1.87 1.41 1.04-1.91 1.52 1.12-2.06 0.010

  Fish/shellfish 1.07 1.02-1.13 1.00 - 1.39 1.03-1.89 1.40 1.04-1.90 1.48 1.09-2.02 0.018

  Total dairy products 1.07 1.01-1.12 1.00 - 1.38 1.02-1.86 1.37 1.01-1.86 1.44 1.06-1.96 0.031

  Animal organs 1.07 1.02-1.13 1.00 - 1.37 1.01-1.85 1.38 1.02-1.87 1.46 1.08-1.98 0.019

Model 2 plus plasma lipid profiles (mmol/L) e

  TG 1.08 1.02-1.14 1.00 - 1.41 1.03-1.92 1.37 1.00-1.87 1.54 1.10-2.14 0.021

  TC 1.08 1.02-1.14 1.00 - 1.40 1.03-1.91 1.38 1.01-1.88 1.49 1.07-2.08 0.029

  LDL-C 1.08 1.02-1.15 1.00 - 1.41 1.04-1.92 1.39 1.02-1.91 1.53 1.10-2.13 0.019

  HDL-C 1.08 1.02-1.14 1.00 - 1.40 1.03-1.91 1.38 1.01-1.89 1.50 1.08-2.09 0.027

  All previous measurements 1.08 1.01-1.14 1.00 - 1.40 1.03-1.91 1.36 1.00-1.86 1.51 1.08-2.11 0.028

http://www.r-project.org
http://www.empowerstats.com
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Results
Study population characteristics
The basic characteristics and dietary intake of the 1617 
pregnant women are shown in Table 1 and Table S1. Most 
of the pregnant women were Han Chinese (97.4%). The 
average total cholesterol intake was 340.8 mg/day. Choles-
terol from eggs accounted for 59.2% followed by red meat 
(12.1%), poultry (6.4%), fish/shellfish (6.4%), dairy prod-
ucts (6.2%), animal organs (2.8%), and other foods (6.9%).

Associations between maternal cholesterol intake 
and GDM
After adjusting for potential confounders, each addi-
tional 100 mg/d of total dietary cholesterol was sig-
nificantly and positively associated with a higher risk of 
GDM (OR=1.07, 95% CI 1.02-1.13; Table  2). The ORs 
for GDM were 1.39 (95% CI: 1.03, 1.88), 1.40 (95% CI: 
1.04, 1.89) and 1.48 (95% CI: 1.10, 2.00) for successive 
quartiles of total cholesterol intake (P trend=0.015) com-
pared to the lowest quartile (Table 2). These associations 
remained significant after further adjustment for plasma 

lipid profiles, dietary fats, animal protein, fibre, red 
meats, poultry, fish/shellfish, total dairy products, and 
animal organs. However, the association between total 
cholesterol consumption and the risk of GDM was no 
longer significant after adjustment for egg consumption 
(OR=1.01, 95% CI 0.92-1.11; Table 2). The ORs were 1.26 
(95% CI: 0.91, 1.73), 1.13 (95% CI: 0.77, 1.64), and 1.05 
(95% CI: 0.66, 1.66) for successive quartiles of total cho-
lesterol intake after adjustment for egg consumption (P 
trend=0.941). The associations between total cholesterol 
intake and blood glucose levels are shown in Table S2.

We further divided total cholesterol into cholesterol 
from eggs and cholesterol from other foods (except eggs) 
to explore the potentially unique contributions of egg 
intake. Cholesterol from eggs was positively associated 
with incident GDM in fully adjusted models. The ORs 
for GDM were 1.14 (95% CI: 0.90, 1.46) and 1.43 (95% 
CI: 1.08, 1.90) for successive tertiles of cholesterol from 
egg intake (P trend=0.019) compared to the lowest tertiles 
(Table  3). However, the association between cholesterol 
from other foods (except eggs) and GDM was not signifi-
cant (P > 0.05; Table 3).

Table 3  Associations of cholesterol from eggs and other foods per day with GDM

GDM gestational diabetes mellitus
a  Crude model
b  Adjusted for energy intake, age, prepregnancy BMI, education, income of family, parity, family history of diabetes, smoking before pregnancy, alcohol consumption 
before pregnancy, physical activity, dietary glycaemic load, weight gain from pregnancy to OGTT​
c  Nutrients correlated with dietary cholesterol (saturated fat, unsaturated fat, trans fat, animal protein, and fibre) were adjusted individually or in combination in 
addition to Model 2 covariates.
d  Other foods included red meat, poultry, fish and shellfish, dairy products, animal organs and the others (except eggs)

Continuous variable 
(each additional 100 
mg/d)

Tertiles of cholesterol intake (mg/d) P for trend

Q1 Q2 Q3

OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Cholesterol from eggs
  Median, mg/d 194.7 107.0 127.3 128.3

  Model 1a 1.11 1.04-1.17 1.00 - 1.22 0.97-1.55 1.50 1.15-1.97 0.003

  Model 2b 1.09 1.03-1.17 1.00 - 1.14 0.90-1.46 1.43 1.08-1.90 0.019

Model 2 plus nutrients c

  Saturated fat, unsaturated fat 1.09 1.03-1.16 1.00 - 1.12 0.88-1.44 1.40 1.05-1.86 0.027

  Animal protein 1.10 1.03-1.17 1.00 - 1.14 0.89-1.47 1.42 1.07-1.90 0.022

  Fibre 1.09 1.03-1.16 1.00 - 1.14 0.89-1.45 1.42 1.07-1.88 0.021

  All previous nutrients 1.10 1.03-1.17 1.00 - 1.13 0.88-1.45 1.42 1.06-1.90 0.025

Cholesterol from other foods d

  Median, mg/d 121.0 51.0 121.0 216.0

  Model 1a 1.02 0.93-1.13 1.00 - 1.34 1.04-1.73 1.30 1.00-1.59 0.047

  Model 2b 0.99 0.88-1.12 1.00 - 1.33 0.98-1.80 1.28 0.93-1.45 0.102

Model 2 plus nutrients c

  Saturated fat, unsaturated fat 0.96 0.85-1.09 1.00 - 1.26 0.92-1.72 1.23 0.88-1.40 0.240

  Animal protein 0.95 0.81-1.12 1.00 - 1.40 0.97-2.03 1.36 0.96-1.58 0.103

  Fibre 0.98 0.87-1.11 1.00 - 1.32 0.97-1.02 1.28 0.92-1.44 0.126

  All previous nutrients 0.93 0.79-1.10 1.00 - 1.34 0.92-1.94 1.31 0.90-1.54 0.181



Page 7 of 11Zhang et al. BMC Pregnancy and Childbirth           (2022) 22:45 	

Associations between maternal egg intake and GDM
After adjusting for potential confounders, each addi-
tional egg consumed per day was significantly and posi-
tively associated with a higher risk of incident GDM 
(OR=1.32, 95% CI 1.11-1.58; Table 4). The ORs for GDM 
were 1.00 (95% CI reference), 1.48 (95% CI 1.11, 1.99), 
1.39 (95% CI 1.03, 1.87), and 1.59 (95% CI 1.18, 2.14) 
for successive quartiles of egg intake (P trend=0.006) 
(Table  4). These associations remained significant after 
further adjustment for plasma lipid profiles, dietary fats, 
animal protein, and fibre.

Subgroup analyses
The association between total cholesterol intake (per 
100 mg/day) and incident GDM was stronger in par-
ticipants with plasma TG, TC, and LDL-C levels above 
the median (P interaction=0.019, 0.006 and 0.022, 
respectively; Table  5) as well as stronger in partici-
pants over the age of 30 (P interaction=0.048; Table 5). 
The association of both total cholesterol and egg 
intake with GDM risk was not significantly modified 
by prepregnancy BMI, parity, physical activity, family 
history of diabetes, or plasma HDL-C level (P interac-
tion >0.05) (Table 5).

Path analysis
Figure  2 shows the results of path analysis, including 
total cholesterol intake, plasma TG, TC, LDL-C, HDL-C 
levels, and GDM risk. The paths from total cholesterol 
intake to the concentrations of TC and HDL-C as well as 
the paths from the concentrations of TG, TC, and LDL-C 
neuroticism to GDM risk were statistically significant 
(P<0.05). In addition, the direct path from total choles-
terol intake to GDM risk was also statistically significant 
(standardized path coefficient: 0.070, P = 0.010).

Discussion
In the present study, we observed a significant positive 
association between total cholesterol intake during preg-
nancy and incident GDM after adjusting for potential 
risk factors for GDM, including fat amount and animal 
protein. Similarly, cholesterol intake before pregnancy 
positively correlated with the risk of GDM in a large 
cohort study, including 13475 women of childbearing age 
in the United States [26]. Moreover, Qiu et al. [9] found 
an increased GDM risk of 1.35 times in mothers with 
cholesterol intake of more than 294 mg/d compared to 
mothers with dietary cholesterol intake of less than 151 
mg/d. Wu et  al. [8] reported similar results in a cohort 

Table 4  Associations between maternal dietary egg intake per day and GDM

TG triglyceride, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, GDM gestational diabetes mellitus
a  Crude model
b  Adjusted for energy intake, age, prepregnancy BMI, education, income of family, parity, family history of diabetes, smoking before pregnancy, alcohol consumption 
before pregnancy, physical activity, dietary glycaemic load, weight gain from pregnancy to OGTT​
c  Nutrients correlated with egg (saturated fat, unsaturated fat, trans fat, animal protein and fibre) were adjusted individually or in combination, in addition to Model 2 
covariates.
d  To determine whether the effect of egg intake on GDM is related to the increase of plasma lipid profiles, the concentrations of plasma TG, TC, LDL-C and HDL-C were 
further adjusted individually or in combination

Continuous 
variable (each 
additional egg/d)

Quartile egg intake (number/d) P for trend

Q1 Q2 Q3 Q4

OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Median, number/d 0.7 0 0.5 1.0 1.3 -

Model 1a 1.36 1.14-1.62 1.00 - 1.48 1.11-1.98 1.46 1.09-1.96 1.64 1.22-2.20 0.002

Model 2b 1.32 1.11-1.58 1.00 - 1.48 1.11-1.99 1.39 1.03-1.87 1.59 1.18-2.14 0.006

Model 2 plus nutrientsc

  Saturated fat, unsaturated fat 1.30 1.08-1.56 1.00 - 1.47 1.09-1.97 1.35 1.00-1.84 1.54 1.13-2.09 0.013

  Animal protein 1.33 1.10-1.60 1.00 - 1.48 1.11-1.99 1.39 1.02-1.89 1.59 1.16-2.17 0.008

  Fibre 1.32 1.11-1.58 1.00 - 1.48 1.11-1.99 1.39 1.03-1.88 1.59 1.18-2.15 0.005

  All previous nutrients 1.32 1.10-1.60 1.00 - 1.48 1.10-1.98 1.38 1.02-1.88 1.58 1.16-2.17 0.009

Model 2 plus plasma lipid profiles (mmol/L) d

  TG 1.30 1.10-1.60 1.00 - 1.57 1.16-2.12 1.46 1.07-1.99 1.65 1.20-2.25 0.009

  TC 1.31 1.09-1.58 1.00 - 1.61 1.19-2.18 1.45 1.06-1.98 1.64 1.20-2.24 0.011

  LDL-C 1.33 1.11-1.60 1.00 - 1.62 1.20-2.19 1.46 1.07-1.99 1.68 1.23-2.30 0.007

  HDL-C 1.31 1.09-1.58 1.00 - 1.60 1.19-2.16 1.44 1.06-1.96 1.64 1.20-2.25 0.011

  All previous measurements 1.30 1.08-1.56 1.00 - 1.58 1.17-2.13 1.46 1.07-1.99 1.63 1.19-2.23 0.011
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study involving 2124 pregnant Chinese women. How-
ever, no correlation between cholesterol intake and GDM 
was found in three case-control studies in Iran [13–15], 
which may account for the low level of cholesterol intake.

It is widely acknowledged that the pathogenesis of 
GDM is similar to that of T2DM. Previous studies have 
shown that cholesterol intake is positively associated 
with T2DM [11, 27]. However, neither dietary choles-
terol nor egg intake was associated with T2DM in a large 
cohort study of 3898 people over 65 years of age with an 
average follow-up of 11.3 years in the United States [12]. 
At present, much controversy surrounds the correlation 
between dietary cholesterol and T2DM.

No association between dietary cholesterol and GDM 
was found after adjustment for egg intake rather than 

other foods, suggesting that eggs maybe the major driver 
of the association. We further explored the correlation 
of cholesterol from eggs and other foods (except eggs) 
with GDM. Cholesterol from eggs was positively asso-
ciated with incident GDM, while cholesterol from the 
other foods was not associated with incident GDM. We 
speculated that the inconsistent results may be due to dif-
ferences in the proportion of dietary cholesterol sources. 
In the present study, cholesterol from eggs accounted 
for 59.2% of dietary cholesterol. Moreover, we further 
explored the correlation between egg intake and GDM 
and found that each additional egg consumed per day 
was significantly and positively associated with GDM 
after adjusting for potential risk factors for GDM, includ-
ing fat amount and animal protein. As a high cholesterol 

Table 5  Stratified analyses of potential modification effect for the impact of total cholesterol and egg intake on GDM

BMI body mass index, TG triglyceride, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, GDM gestational 
diabetes mellitus, MET metabolic equivalent
a  Adjusted for energy intake, age, prepregnancy BMI, education, income of family, parity, family history of diabetes, smoking before pregnancy, alcohol consumption 
before pregnancy, physical activity, dietary glycemic load, weight gain from pregnancy to OGTT​

Stratification factors Total cholesterol intake
(each additional 100 mg/d) a

Egg intake (each additional egg/d) a

N OR 95%CI P for interaction OR 95%CI P for interaction

All participants 1617 1.07 1.02-1.13 - 1.32 1.11-1.58 -

Age (years)

  <30 969 1.02 0.95-1.10 0.048 1.12 0.89-1.42 0.036

  ≥30 648 1.24 1.12-1.32 1.66 1.24-2.22

Prepregnancy BMI (kg/m2)

  <24 1369 1.07 1.02-1.14 0.985 1.31 1.08-1.58 0.676

  ≥24 248 1.06 0.91-1.24 1.50 0.86-2.61

Parity

  Primiparous 1157 1.06 1.00-1.13 0.575 1.28 1.03, 1.58 0.673

  Multiparous 460 1.11 1.0-1.22 1.46 1.04, 2.05

Physical activity (MET-h wk-1)

  <Median 809 1.48 1.14-1.93 0.396 1.11 1.02, 1.20 0.262

  ≥Median 808 1.21 0.94-1.54 1.05 0.98, 1.13

Family history of diabetes

  Yes 162 1.03 0.87-1.21 0.994 1.16 0.67, 2.00 0.964

  No 1455 1.07 1.02-1.13 1.32 1.09, 1.60

Plasma TG (mmol/L)

  <Median 828 1.06 0.97-1.15 0.019 1.29 0.97-1.71 0.260

  ≥Median 789 1.10 1.01-1.19 1.33 1.04-1.70

Plasma TC (mmol/L)

  <Median 894 1.03 0.95-1.11 0.006 1.19 0.93-1.53 0.011

  ≥Median 723 1.14 1.04-1.25 1.51 1.14-2.01

Plasma LDL-C (mmol/L)

  <Median 893 1.02 0.95-1.09 0.022 1.10 0.86-1.40 0.023

  ≥Median 724 1.15 1.07-1.24 1.68 1.28-2.21

Plasma HDL-C (mmol/L)

  <Median 808 1.02 0.94-1.10 0.119 1.17 0.90-1.52 0.241

  ≥Median 809 1.11 1.04-1.20 1.47 1.14-1.89
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food, limiting egg intake to a reasonable level in pregnant 
women may help reduce the risk of GDM.

The mechanisms underlying the effect of dietary cho-
lesterol on blood glucose metabolism have not been 
fully determined. Many studies have documented that 
plasma lipids play an important role in blood glucose 
homeostasis [28–30]. Some animal experiments have 
found that elevated plasma cholesterol levels may acti-
vate the proinflammatory signal cascade, and excessive 
cholesterol intake may elevate the serum levels of the 
amyloid A inflammatory marker, suggesting that exces-
sive cholesterol intake increases serum cholesterol con-
centration, promotes the inflammatory response, and 
leads to insulin resistance [31, 32]. Another study has 
suggested that cholesterol accumulation in islets may 
cause damage to the function of pancreatic β-cells [33]. 
In the present study, after adjustment for plasma lipid 
levels, the association was still present, suggesting that 
the effect of dietary cholesterol on blood glucose is not 
entirely due to hyperlipidaemia. Path analysis showed 
that cholesterol intake not only increased the risk of 
GDM by elevating plasma TC, but also increased the 
risk of GDM through other pathways.

The 2015-2020 Dietary Guidelines for Americans [34] 
does not specify a daily cholesterol intake limit but rec-
ommends consuming as little dietary cholesterol as pos-
sible while consuming a healthy eating pattern. In 2013, 
the Chinese Nutrition Society removed the upper limit of 
recommended dietary cholesterol intake from the DRIs 
[35]. These recommendations might lead to excessive 

dietary cholesterol and egg consumption in the general 
population, leading to an increase in the incidence of 
GDM or T2DM. The dietary cholesterol intake of Chi-
nese adults has gradually increased over the past 20 years 
from 165.8 mg/d in 1991 to 266.3 mg/d in 2011 [36]. In 
the present study, the average dietary cholesterol intake 
in early pregnancy, mainly from egg consumption, was 
340.8 mg/d. Current evidence suggests that overcon-
sumption of cholesterol can have deleterious effects in 
pregnant women. Thus, cholesterol intake should be lim-
ited to reasonable levels in pregnant women to reduce 
the risks of GDM.

There were several strengths in the present study. Our 
prospective study provided evidence of the association 
between dietary cholesterol intake and GDM, and it 
avoided reverse causality bias. Because cholesterol-con-
taining foods are usually rich in saturated fat and ani-
mal protein, adjustment for these factors substantiated 
the effect of cholesterol on GDM. In addition, evidence 
from our study suggested that dietary cholesterol leads to 
elevated blood glucose by not only affecting lipid metab-
olism but other pathways as well. Although this finding 
needs further validation, our study provides a basis for 
future studies exploring the mechanisms underlying the 
effect of dietary cholesterol on blood glucose metabolism.

The present study had several limitations that should 
be considered. First, the participants in this study only 
came from a hospital with good medical resources in 
Southwest China, which may lead to an unrepresenta-
tive sample. Accordingly, similar studies need to be 

Fig. 2  Results of path analysis with cholesterol intake (mg/d), lipid profiles (mmol/L) and GDM risk adjusting for maternal age and prepregnancy 
BMI. The solid arrows represent statistically significant direct paths, and the dotted arrows represent nonsignificant direct paths. The numbers 
beside the arrows show the standardized path coefficients. *p < 0.05, **p < 0.01. TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; GDM, gestational diabetes mellitus; BMI, body mass index
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conducted in other populations. In addition, consist-
ent with other observational studies, the possibility of 
residual confounding from unmeasured or unknown 
covariates cannot be ruled out, although adjustment for 
multiple potential confounders was included in the anal-
yses. Moreover, the three-day 24-h dietary recalls did not 
assess the frequency of food intake and, hence, did not 
reflect a long-term diet. However, estimates of the abso-
lute magnitude of energy and food intake recalls were 
generally choice methods. If data documenting at least 
two days of food intake per person were available, the 
true distribution of food intake for the population could 
be estimated [37].

Conclusions
During pregnancy, high dietary cholesterol consump-
tion was significantly associated with a higher risk of 
GDM, and egg consumption was a major driver of the 
association in this population. More studies are needed 
to validate these findings and to explore the underlying 
mechanisms. The present study indicated that over-
consumption of cholesterol warrants concern among 
pregnant women. Maternal cholesterol intake should 
be limited to reasonable levels to minimize the risks of 
GDM.
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