
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:​​​//creativecommo​ns.​​org/lice​ns​e​s/by/4.0/.

Liu et al. Reproductive Biology and Endocrinology          (2024) 22:155 
https://doi.org/10.1186/s12958-024-01320-9

Reproductive Biology 
and Endocrinology

*Correspondence:
Berthold Hocher
berthold.hocher@medma.uni-heidelberg.de

Full list of author information is available at the end of the article

Abstract
Background & Objective  To analyze whether there is an association between pre-pregnancy lipid parameters 
and gestational diabetes mellitus (GDM) in women undergoing assisted reproductive technologies (ART), a group 
especially at risk for GDM, and if so, which parameter is associated the strongest.

Methods  Data was collected at the Reproductive and Genetic Hospital CITIC-Xiangya in Changsha, China from 
January 2017 to December 2018. The measured lipid parameters include LDL (low-density lipoprotein), HDL (high-
density lipoprotein), TC (total cholesterol), and TG (triglycerides).

Results  119 (15.5%) of the 767 patients developed GDM. On average, women who developed GDM were older, had 
a higher BMI, LDL, TC, and TG, and lower HDL. After adjusting for confounders, LDL and HDL showed a significant 
association with GDM (p < 0.05), but TC and TG did not. Binary LDL/HDL and TC/HDL ratios showed the strongest 
association with GDM incidence (OR 1.957 [95%CI 1.258–3.044] and 1.942 [1.243–3.034] respectively). Subgroup 
analysis showed that an elevated LDL/HDL ratio also increased GDM risk in subgroups with a typically lower 
prevalence of GDM, such as young women with a low BMI and low blood pressure. Both lipid ratios (LDL/HDL and TC/
HD) show strong interactions with baseline age, fasting plasma glucose, and LH.

Conclusions  In this cohort of Chinese women undergoing ART, pre-pregnancy LDL/HDL and TC/HDL were 
associated with GDM the strongest from the lipid parameters and could be useful to estimate GDM risk even before 
ART treatments and pregnancy.

Clinical trial number  NCT03503006 registered on the 21st of March 2018 (on clinicaltrials.gov). ​h​t​t​​p​s​:​/​​/​c​l​​i​n​​i​c​a​​l​t​r​i​​a​l​s​​.​g​​
o​v​/​​s​t​u​d​​y​/​N​​C​T​​0​3​5​​0​3​0​0​​6​?​l​​o​c​​S​t​r​=​C​h​a​n​g​s​h​a​,​%​2​0​H​u​n​a​n​,​%​2​0​C​h​i​n​a​&​c​o​u​n​t​r​y​=​C​h​i​n​a​&​s​t​a​t​e​=​H​u​n​a​n​&​c​i​t​y​=​C​h​a​n​g​s​h​a​&​c​o​n​
d​=​i​v​f​&​r​a​n​k​=​2​​​​​.​​
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Introduction
With the change in diet and an increasingly seden-
tary lifestyle, obesity and high lipid levels are becoming 
more and more prevalent. Especially China, which in the 
past had relatively low rates of dyslipidemia, has seen 
an increase to more than one-third of the general adult 
population [1]. Dyslipidemia can be diagnosed according 
to different lipid parameters: LDL (low-density lipopro-
teins), HDL (high-density lipoproteins), total cholesterol 
(TC), and/or triglycerides (TG).

Several studies have shown an association between dys-
lipidemia and gestational diabetes mellitus (GDM) [2, 3], 
which is one of the most common pregnancy complica-
tions with a comparably high incidence in Southeast Asia 
[4]. Another population group with an increased risk of 
developing GDM are women undergoing ART (assisted 
reproductive technologies), for which there are different 
hypotheses, including the influence of hormonal thera-
pies, as well as the factor that women undergoing ART 
commonly have certain baseline characteristics or diag-
noses causing infertility and associated with GDM such 
as a higher prevalence of PCOS compared to women 
conceiving naturally [5, 6]. In the last decades, the use of 
ART has significantly increased and has given more and 
more infertile couples the chance to have their own child 
[7]. From a scientific perspective, it also offers a unique 
opportunity to follow the course of a pregnancy before it 
even occurs.

Because GDM is such a common pregnancy complica-
tion with many short- and long-term complications for 
mother and child [8], it is important to assess potential 
risk factors. By identifying high-risk patients, it would 
be possible to take early preventative measures. To date, 
more attention has been paid to the effects of maternal 
age and body mass index (BMI) on GDM [9]. There have 
also been studies on the effects of lipid parameters but to 
a much lesser extent.

Additionally, these findings have not been studied in 
women undergoing in-vitro fertilization (IVF) or intracy-
toplasmic sperm injection (ICSI), which is a population 
especially at risk for GDM. Therefore, this study aims to 
and is the first to investigate the association between pre-
pregnancy lipid levels and GDM in this specific cohort. 
Our objective is firstly, to identify whether and which 
lipid parameters are associated with GDM in IVF/ICSI 
patients and therefore which parameter is the most suit-
able for tracking lipid status, even before pregnancy, to 
identify patients with a high-risk profile for this preg-
nancy complication.

Methods
Study design
Data for this retrospective study was collected in a time 
period of two years from January 2017 to December 

2018 at the Reproductive and Genetic Hospital CITIC-
Xiangya in Changsha, China. The primary study focused 
on the effect of vitamin D levels on IVF/ICSI outcomes 
[10]. The study was conducted according to the Declara-
tion of Helsinki for Medical Research involving Human 
Subjects and was approved by the hospital’s ethics com-
mittee (approval number: LL-SC-2018-014). All patients 
gave their informed consent prior to study participation.

Study population
From a total of 2569 patients included in the initial study, 
767 patients were included in this analysis, as patients 
who did not achieve a successful pregnancy and those 
with incomplete data regarding lipids were excluded. All 
participants underwent their first IVF/ICSI treatment, 
were all primigravida, and were aged between 18 and 40 
years. Patients were excluded, as previously described 
[10], in any of the following cases: [1] if they had received 
oocyte donation, 2) uterine malformation, 3) endome-
triosis, 4) uterine adhesions, 5) untreated hydrosalpinx, 
6) uterine myoma, 7) Cushing syndrome, 8) adult-onset 
adrenogenital syndrome, 9) hypothalamic or pituitary 
disease causing infertility, 10) diabetes mellitus type 1 or 
2 prior to pregnancy, or 11) hypertension prior to preg-
nancy. Further details on patient selection can be seen in 
Supplementary Fig. 1.

Measurement of study end points
The lipid parameters (LDL, HDL, TC, and TG) were mea-
sured at baseline in a fasting state – before pregnancy and 
any IVF/ICSI procedures – in the central hospital labora-
tory as part of the routine evaluation of the patients. All 
clinical chemical analyses in this laboratory are part of 
strict quality controls for clinical chemistry according to 
the laws of the People’s Republic of China. In addition, 
we also calculated lipid ratios, which are not routinely 
assessed in a clinical context but may be better indicators 
of lipid status than measured lipid parameters [11]. Dur-
ing IVF, patients receive ovarian hyperstimulation, after 
which oocytes are retrieved, cultured, and inseminated 
(if necessary, using ICSI). The created embryos are cul-
tured and then transferred into the uterus.

If a successful pregnancy was achieved, the patients 
were followed up during and after their pregnancy 
through self-reports and phone calls. All patients under-
went a GDM screening (oral glucose tolerance test) 
during their pregnancy. GDM was diagnosed accord-
ing to the IADPSG (International Association of Diabe-
tes in Pregnancy Study Groups) 2010 guidelines [12]: if 
the measured plasma glucose was either 1) ≥ 5.1mmol/L 
(92  mg/dL) before, 2) ≥ 10.0mmol/L (180  mg/dL) one 
hour after, or 3) ≥ 8.5mmol/L (153  mg/dL) two hours 
after taking a 75 g glucose solution.
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Statistical analysis
To test for normality, we created histograms and used 
the Kolmogorov-Smirnov as well as the Shapiro-Wilk 
test. Patient characteristics are represented as fre-
quency (%) or median (interquartile range, IQR). To 
test for a significant difference in population character-
istics between GDM and non-GDM patients, we used 
the Chi-square (χ2) test for categorical variables and the 
Mann-Whitney U test for continuous variables. Multi-
variate logistic regression considered all significant fac-
tors from Table 1 (age, BMI, fasting plasma glucose, LH, 
and estrogen) in Model A and risk factors for GDM from 
the literature in Model B (age, BMI, fasting plasma glu-
cose measured before embryo transfer, multiparity, total 
testosterone, antral follicle count (AFC), anti-Müllarian 
hormone (AMH), and vitamin D). Since we did not have 
documentation of the presence of polycystic ovary syn-
drome (PCOS), which are patients with an elevated risk 
of GDM [13], we included three surrogate parameters 
in the multivariate regression: total testosterone, which 
is a biochemical parameter for hyperandrogenism, one 
of the main diagnostic criteria of PCOS [14, 15], AFC, 
which corresponds to the polycystic ovarian morphology 
(PCOM), another criterion of PCOS, and AMH, which 
is a biochemical parameter that is often increased in 
women with PCOS as it correlates with PCOM [16]. We 
also included vitamin D in the analysis, as some studies 
have also found a correlation between low vitamin levels 
and GDM [17, 18]; however, the association is uncertain 
as there have been contrasting findings [19, 20].

Receiver operating characteristic (ROC) analysis was 
used to determine optimal cut-off values for binary 

analysis. Furthermore, we created a forest plot to rep-
resent the results of subgroup analyses and 3D plots to 
show interactions between lipids and other risk factors 
for GDM.

All data was analyzed using SPSS (Statistical Pack-
age for Social Sciences), version 29.0 (IBM Corpora-
tion, Armonk, New York, USA). We created Fig. 1 using 
GraphPad Prism 6 (GraphPad Software Inc., San Diego, 
California, USA) and Figs.  2a-b and 3 using SPSS. The 
statistical significance level was set to p < 0.05.

Fig. 2  3D Plots – Effects of LDL/HDL ratio and other GDM risk factors on 
GDM incidence in women undergoing IVF/ICSI. LDL/HDL ratio is displayed 
with fasting plasma glucose (a) and LH (b). Comparing the group’s lowest 
vs. highest tertile of LDL/HDL ratio and blood glucose, 7.9% developed 
GDM in the lowest and 25.5% in the highest group (p < 0.001). Women in 
the lowest LDL/HDL tertile and highest LH tertile had a GDM rate of 6.6%, 
whilst women in the highest LDL/HDL tertile and lowest LH tertile had a 
GDM rate of 28.2% (p < 0.001). Abbreviations GDM = gestational diabetes 
mellitus; E2 = estradiol; ICSI = intracytoplasmic sperm injection; IVF = in-vi-
tro fertilization; LDL = low-density lipoproteins; LH = luteinizing hormone; 
HDL = high-density lipoproteins. 3D Plots for age, BMI, and estradiol can be 
seen in Supplementary Fig. 2a-c

 

Fig. 1  LDL/HDL levels in GDM versus non-GDM patients. Plots are pre-
sented as median and IQR (interquartile range). p-values were calculated 
with the Mann-Whitney U test. Abbrevations GDM = gestational diabetes 
mellitus; LDL = low-density lipoproteins; HDL = high-density lipoproteins. 
Plots for other lipid parameters can be seen in Supplementary Fig. 4a-f
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Results
Of the 767 patients included in this study, 119 (15.5%) 
developed GDM during their pregnancy. All measured 
pre-pregnancy lipid parameters (LDL, HDL, TC, and 
TG) were not normally distributed (Supplementary 
Fig.  2a-d), which was also confirmed by the statistical 
Kolmogorov-Smirnov and Shapiro-Wilk tests for nor-
mality (all p < 0.001). 15.0% of the patients had elevated 
LDL levels, 9.0% had low HDL, 8.2% had elevated TC, 
and 15.5% had elevated TG levels according to the AACE 
(American Association of Clinical Endocrinologists and 
American College of Endocrinology) 2017 guidelines [21] 
and Chinese guidelines [22] (Supplementary Fig.  3). In 
total, 233 women (30.4%) had at least one pathological 
lipid measurement to be diagnosed with dyslipidemia.

Detailed characteristics of the study cohort are dis-
played in Table 1. Overall, the median age was 29.0 years 
(IQR 27.0–31.0), and the median BMI was 21.33  kg/m2 
(IQR 19.53–23.01). For the lipid parameters, median LDL 
was 2.23 mmol/L (IQR 2.66–3.10), median HDL was 1.43 
mmol/L (IQR 1.22–1.67), median TC was 4.13 mmol/L 
(IQR 3.67–4.60), and median TG was 1.00 mmol/L (IQR 
0.73–1.14). Table  1 also compares these characteris-
tics between patients with and without the diagnosis of 
GDM. Women who developed GDM were statistically 
older (30.0 versus 29.0 years, p < 0.001), had a higher 

BMI (21.91 versus 21.23 kg/m2, p = 0.005), fasting glucose 
(5.21 versus 5.10 mmol/L, p = 0.002), LDL (2.90 versus 
2.62 mmol/L, p = 0.004), TG (1.12 versus 0.98 mmol/L, 
p = 0.010), and lower HDL (1.32 versus 1.44 mmol/L, 
p < 0.001), LH (luteinizing hormone) (3.26 versus 3.73 
mIU/mL, p = 0.003), and estradiol (32.00 versus 33.00 pg/
mL, p = 0.046).

Figure 1 graphically illustrates the comparison of LDL/
HDL between GDM and non-GDM patients and Supple-
mentary Fig.  4a-f further show this for measured lipid 
parameters and other lipid ratios, including TC/HDL 
and TG/HDL. Along with LDL, HDL, and TG, all three 
lipid ratios show a significant difference between the two 
groups (p < 0.05), whilst TC was not statistically different 
(p = 0.059).

In further analysis, we performed multivariate logistic 
regression, creating Model A (considering confounders 
that were statistically significant in Table  1: age, BMI, 
fasting plasma glucose, LH, and estradiol) and Model B 
(considering confounders previously described in litera-
ture [8]: age, BMI, fasting plasma glucose, multiparity, 
total testosterone, AFC, AMH, and total vitamin D). Both 
models showed that continuous LDL, HDL, LDL/HDL 
ratio, and TC/HDL ratio were still significantly different 
in GDM versus non-GDM patients (Table 2). The ratios 
LDL/HDL and TC/HDL displayed higher odds ratios 

Fig. 3  Forest plot – subgroup analysis of GDM prevalence and the association between LDL/HDL ratio and GDM. The first part of the table shows the 
prevalence of GDM in each of the subgroups. p* = represents the significance of a difference in GDM rate between the subgroups, calculated using the 
Chi-squared test. OR and p** show the effect size of a high LDL/HDL ratio (cut-off calculated using the Youden-Index) on the GDM rate in each of the 
subgroups. Abbreviations BMI = body mass index; CI = confidence interval; DiaRR = diastolic blood pressure; E2 = estradiol; GDM = gestational diabetes 
mellitus; LDL = low-density lipoproteins; LH = luteinizing hormone; HDL = high-density lipoproteins; N = no GDM; OR = odds ratio; SysRR = systolic blood 
pressure
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Table 1  Clinical characteristics of study participants by GDM incidence
Parameters All

(n = 767)
GDM
(n = 119)

Non-GDM
(n = 648)

p-Value

Age, years 29.0 (27.0–31.0) 30.0 (28.0–33.0) 29.0 (27.0–31.0) < 0.001
Weight, kg 53.00 (48.00–58.00) 54.50 (49.00–60.00) 53.00 (48.00–58.00) 0.142
BMI, kg/m2 21.33 (19.53–23.01) 21.91 (20.20-23.74) 21.23 (19.44–22.86) 0.005
TC, mmol/L 4.13 (3.67–4.60) 4.25 (3.74–4.76) 4.10 (3.65–4.57) 0.059
LDL, mmol/L 2.23 (2.66–3.10) 2.90 (2.31–3.30) 2.62 (2.21–3.09) 0.004
HDL, mmol/L 1.43 (1.22–1.67) 1.32 (1.12.1.55) 1.44 (1.23–1.68) < 0.001
TG, mmol/L 1.00 (0.73–1.41) 1.12 (0.78–1.60) 0.98 (0.72–1.38) 0.010
Fasting glucose, mmol/L 5.12 (4.87–5.37) 5.21 (4.99–5.49) 5.10 (4.86–5.35) 0.002
Gestational hypertension, n (%) 26 (3.4%) 5 (4.2%) 21 (3.2%) 0.594
Systolic RR, mmHg 115 (108–121) 117 (109–124) 115 (108–121) 0.200
Diastolic RR, mmHg 76 (70–81) 77 (70–81) 76 (70–81) 0.308
AMH, ng/mL 6.23 (4.06–10.28) 5.24 (3.73–10.62) 6.49 (4.19–10.28) 0.096
FSH, mIU/mL 5.64 (4.81–6.64) 5.51 (4.58–6.42) 5.69 (4.85–6.66) 0.191
LH, mIU/mL 3.65 (2.59–5.09) 3.26 (2.29–4.46) 3.73 (2.67–5.13) 0.003
Estradiol, pg/mL 33.00 (27.00–43.00) 32.00 (24.00–40.00) 33.00 (27.00–43.00) 0.046
Testosterone, ng/mL 0.27 (0.21–0.34) 0.27 (0.20–0.34) 0.27 (0.21–0.34) 0.789
AFC 15.00 (12.00–21.00) 14.00 (11.00–20.00) 15.00 (12.00–22.00) 0.109
Infertility type 0.787
  1° 449 (58.5%) 71 (59.7%) 378 (58.3%)
  2° 318 (41.5%) 48 (40.3%) 270 (41.7%)
Fertilization method 0.459
  IVF 509 (66.4%) 84 (70.6%) 425 (65.6%)
  ICSI 132 (17.2%) 16 (13.4%) 116 (17.9%)
  IVF + ICSI 126 (16.4%) 19 (16.0%) 107 (16.5%)
Pregnancy type 0.332
  Singleton 496 (64.7%) 412 (63.6%) 84 (70.6%)
  Multiple 262 (34.2%) 227 (35.0%) 35 (29.4%)
Delivery method 0.337
  Normal 213 (27.8%) 36 (30.3%) 177 (27.3%)
  Cesarean 544 (70.9%) 83 (69.7%) 461 (71.1%)
Data is presented as frequency, n (%) or median (IQR, interquartile range). p-values were calculated with the Chi-square (χ2) test for categorical variables and the 
Mann-Whitney U test for continuous variables. Abbreviations: AFC = antral follicle count; AMH = anti-Müllarian hormone; BMI = body mass index; GDM = gestational 
diabetes mellitus; FSH = follicle-stimulating hormone; HDL = high-density lipoproteins; ICSI = intracytoplasmic sperm injection; IVF = in-vitro fertilization; LDL = low-
density lipoproteins; LH = luteinizing hormone; RR = blood pressure; TC = total cholesterol; TG = triglycerides

(OR) (OR 1.628 for LDL/HDL and 1.452 for TC/HDL in 
Model A), as well as more significant p-values (p < 0.001) 
than continuous LDL (OR 1.351 and p = 0.035 in Model 
A). HDL, which is inversely proportional to GDM inci-
dence, also still showed a significant difference between 
GDM and non-GDM patients (OR 0.431, p = 0.013 in 
Model A). However, the other lipid parameters, TC, TG, 
and TG/HDL ratio, were not significantly associated with 
GDM after adjustment for confounders (p = 0.171, 0.341, 
and 0.253 in Model A, respectively). Full tables of the 
multivariate regression can be seen in Supplementary 
Tables 1–5.

To find an optimal cut-off value, we performed ROC 
analyses and calculated the Youden-Index. The cut-off 
values were as follows: LDL 2.95 mmol/L, HDL 1.32 
mmol/L, LDL/HDL 2.02, and TC/HDL 3.15. In binary 
multivariate logistic regression, these cut-offs were 
shown to have better odds ratios – for LDL (OR 1.812 in 

Model A) and the lipid ratios (OR LDL/HDL 1.957; TC/
HDL 1.942; TG/HDL 1.710), but not for HDL (OR 0.553) 
(Table 2).

The 3D plots (Fig.  2a-b and Supplementary Fig.  5a-c) 
further show that the pre-pregnancy LDL/HDL ratio is 
strongly related to GDM, but also show interactions with 
other risk factors for GDM identified in Table 1. The data 
shows that 7.9% of the women developed GDM if they 
were in the lowest tertiles for LDL/HDL ratio and fasting 
glucose, whilst 25.5% developed GDM if they were in the 
highest tertiles for both categories. 6.6% of women in the 
lowest tertile for LDL/HDL ratio and the highest tertile 
of LH received the diagnosis of GDM, compared to 28.2% 
of women in the highest LDL/HDL ratio tertile and low-
est LH tertile. Statistically, this was also confirmed using 
the Mann-Whitney U test, showing a significant differ-
ence in GDM-rates (p < 0.001) in both cases. This shows 
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that the interaction between these factors significantly 
affects GDM risk.

Analysis of subgroups (displayed in Fig. 3) showed that 
there was a higher prevalence of GDM in women above 
the age of 29 years, with a high BMI, high fasting plasma 
glucose, and blood pressure. The rate of GDM was 9.8% 
in women aged < 29 years compared to 20.0% in women 
aged ≥ 29 years. However, the odds ratios show that an 

elevated LDL/HDL ratio also had a relevant effect on 
GDM occurrence in women who were younger, had a 
lower BMI, and had lower blood pressure.

Discussion
From the measured lipid parameters, LDL and HDL were 
significantly different in GDM vs. non-GDM patients 
even after adjustment for confounders. The LDL/HDL 
and TC/HDL ratios were most significantly associated 
with the incidence of GDM in women undergoing IVF/
ICSI.

119 (15.5%) of the 767 patients were diagnosed with 
GDM. This corresponds to the results of a large-scale 
meta-analysis, which estimated China’s overall GDM 
rate to be at 14.8% [23]. However, there are significant 
regional differences: several similar studies with pregnant 
women in different cities of China found the prevalence 
of GDM to be at 15.2% [24] and 19.7% in Beijing [25], 
and 10.5% in Shanghai [26]. Concerning lipid parameters, 
the prevalence of dyslipidemia amongst adults in China 
has been estimated to be 34.0%, though it is significantly 
higher in men and older people [1]. In this cross-sec-
tional analysis, the average age of the participants was 
50.24 years, and the rates of dyslipidemia were signifi-
cantly higher in men (41.9%) than in women (32.5%). In 
our cohort of women undergoing IVF/ICSI, 30.4% of the 
study participants had at least one lipid parameter out-
side the recommended values of the AACE 2017 [21] and 
Chinese guidelines from 2016 [22], which is comparable 
to observed dyslipidemia rates in China.

Recorded factors that were significantly associated with 
GDM were age, BMI, fasting glucose, LH, and E2 (all 
p < 0.05). Age and BMI are known from the literature as 
risk factors for GDM [8], as well as hyperglycemia before 
pregnancy, which is represented by the pre-pregnancy 
fasting glucose measurement. One study suggested that 
the FSH/LH ratio could be an early predictor of GDM 
for women undergoing IVF [27]. A possible explana-
tion could be the relationship between LH and estro-
gen, whereby the latter is known to be a protective factor 
against diabetes and modify insulin resistance [28]. Low 
levels of SHBG (sex hormone binding globulin), which 
are also closely interrelated with LH levels, are also asso-
ciated with increased insulin resistance and therefore 
with the occurrence of GDM [29]. However, the exact 
mechanisms remain to be further explored.

From the initial univariate analysis, three of the four 
measured lipid parameters, LDL, HDL, and TG, were sig-
nificantly different in GDM versus non-GDM patients. Of 
these, HDL showed the strongest association (p < 0.001), 
whilst TC was not significantly different (p = 0.059). After 
adjusting for confounding factors, TG also did not show a 
significant association with GDM (in both Models A and 
B).

Table 2  Multivariate logistic regression for lipid parameters and 
GDM incidence

B OR 95% CI Standard Error p-Value
LDL
  Continuous LDL
  Model A 0.301 1.351 [1.021, 1.788] 0.143 0.035
  Model B 0.404 1.499 [1.074, 2.091] 0.170 0.017
  Binary LDL(cut-off 2.95mmol/L)
  Model A 0.594 1.812 [1.196, 2.745] 0.212 0.005
  Model B 0.710 2.033 [1.255, 3.293] 0.246 0.004
HDL
  Continuous HDL
  Model A -0.842 0.431 [0.221, 0.839] 0.340 0.013
  Model B -0.991 0.371 [0.168, 0.821] 0.405 0.014
  Binary HDL(cut-off 1.32mmol/L)
  Model A -0.593 0.553 [0.355, 0.860] 0.226 0.009
  Model B -0.619 0.539 [0.321, 0.902] 0.263 0.019
LDL/HDL
  Continuous LDL/HDL
  Model A 0.487 1.628 [1.244, 2.130] 0.137 < 0.001
  Model B 0.560 1.750 [1.286, 2.383] 0.157 < 0.001
  Binary LDL/HDL(cut-off 2.02)
  Model A 0.671 1.957 [1.258, 3.044] 0.225 0.003
  Model B 0.782 2.186 [1.308, 3.656] 0.262 0.003
TC/HDL
  Continuous TC/HDL
  Model A 0.373 1.452 [1.164, 1.811] 0.113 < 0.001
  Model B 0.429 1.536 [1.196, 1.973] 0.128 < 0.001
  Binary TC/HDL(cut-off 3.15)
  Model A 0.664 1.942 [1.243, 3.034] 0.228 0.004
  Model B 0.817 2.264 [1.346, 3.807] 0.265 0.002
TG/HDL
  Continuous TG/HDL
  Model A 0.119 1.126 [0.919, 1.381] 0.104 0.253
  Model B 0.148 1.160 [0.927, 1.451] 0.114 0.194
  Binary TG/HDL(cut-off 0.68)
  Model A 0.537 1.710 [1.104, 2.649] 0.223 0.016
  Model B 0.731 2.076 [1.240, 3.475] 0.263 0.005
p-values were calculated using multivariate logistic regression. Binary cut-
offs were determined with ROC analysis. Model A: adjusted to all significant 
factors in Table  1 (age, BMI, pre-pregnancy fasting plasma glucose, LH, 
and E2); Model B: adjusted to risk factors from literature (age, BMI, pre-
pregnancy fasting plasma glucose, multiparity, total testosterone, antral 
follicle count, anti-Müllarian hormone, and total vitamin D). Abbreviations: 
B = Regression coefficient; BMI = body mass index; CI = Confidence Interval 
for OR; GDM = gestational diabetes mellitus; HDL = high-density lipoproteins; 
LDL = low-density lipoproteins; LH = luteinizing hormone; OR = odds ratio; 
ROC = receiver operating characteristic; TC = total cholesterol; TG = triglycerides. 
The full tables can be found in Supplementary Tables 1–5
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The lipid ratios LDL/HDL and TC/HDL showed strong 
associations with GDM incidence, even after adjustment 
for confounders. Looking at binary LDL/HDL for exam-
ple, it showed a significant odds ratio (OR 1.957 [95%CI 
1.258, 3.044], even higher than for BMI with GDM (Sup-
plementary Tables 3a-d)). Our findings suggest that ana-
lyzing lipid ratios, along with other known risk factors 
such as age, baseline fasting glucose, and LH, could be a 
cost-efficient method to identify women undergoing IVF/
ICSI who have a high risk for developing GDM.

Previous studies that also measured the same four lipid 
parameters as in our study, but in a normally conceived 
pregnancy, have found that TG and HDL were signifi-
cantly associated with GDM, but not TC and LDL [2, 
30]. Another study in China by Shen et al. [26] found that 
whilst TG was associated with GDM throughout preg-
nancy, TC and LDL were only higher in the first trimes-
ter in women who developed GDM. This indicates how 
lipid parameters also significantly change throughout the 
course of pregnancy. Even though our analysis showed 
differing results, whereby TG was only significantly asso-
ciated with GDM in univariate analysis but not after 
adjustment for confounders, we also found that there was 
a strong, inverse association with HDL, as well as a posi-
tive association with LDL. In addition, many studies did 
not assess lipid ratios, which, in our study, had the stron-
gest statistical association with GDM. For further studies, 
it would be meaningful to include calculated lipid ratios, 
as they may be a better indicator of lipid status [11].

The subgroup analysis in our cohort confirmed that 
older women, women with a higher BMI, higher pre-
pregnancy fasting plasma glucose, blood pressure, as 
well as low LH showed a higher prevalence of GDM. As 
seen in Fig. 3, the LDL/HDL ratio also had a significant 
effect on GDM risk in women who were younger, with 
a lower BMI, and lower blood pressure. Contrastingly, 
O’Malley et al. found that the association between dyslip-
idemia and GDM was only present in patients with obe-
sity [3]. Our study indicates that there might be a high 
significance of lipid levels in our study cohort of Chi-
nese women undergoing IVF/ICSI and in women with 
a low risk of GDM. While the median BMI in our study 
cohort was well within the normal range at 21.33 kg/m2, 
O’Malley’s study focused on women with at least one risk 
factor for GDM and the cohort had an overall obesity 
rate of 57.4%.

The 3D plots (Fig. 2a-b and Supplementary Fig. 5a-c), 
which display the relationship between LDL/HDL with 
other GDM risk factors on the incidence of GDM, show 
that in our cohort, the LDL/HDL ratio was an even stron-
ger predictor for GDM incidence than BMI. However, the 
analyzed factors also interact with each other, meaning 
that there are complex underlying mechanisms related 
to the development of GDM. For example, women in 

our cohort with a high LDL/HDL ratio and a high pre-
pregnancy fasting glucose level had a much higher risk 
of developing GDM, compared to women with low LDL/
HDL and fasting glucose (Fig. 2a).

Concerning the association between lipids and GDM 
development, there are several explanations and hypoth-
eses, but the exact mechanisms remain unclear. Eppel 
et al. found that high levels of TG were associated with 
insulin resistance as well as β-cell dysfunction [31], which 
are both factors that play a significant role in the patho-
genesis of GDM. In combination, impaired β-cells can-
not compensate for the increased insulin resistance, thus 
leading to higher plasma glucose levels and the develop-
ment of diabetes. Another mechanism is an alteration 
in the lipid metabolism during pregnancy, whereby lipid 
levels increase at the beginning of pregnancy as a result of 
the anabolic metabolism and then are broken down again 
[32]; increased fatty acids and glycerol are transferred 
from the breakdown of adipose tissue to the placenta as 
well as to the liver for gluconeogenesis [33] – thus, pro-
ducing more glucose and leading to GDM. Another case-
control study found that women who developed GDM 
had lower pre-pregnancy LDL peak diameter size as well 
as lower HDL levels [34]. Smaller LDL particles are more 
prone to oxidation, leading to β-cell dysfunction, which 
could also contribute to increased GDM risk. Further 
research into the exact pathomechanisms is required to 
fully understand how lipids contribute to the develop-
ment of GDM, especially in women undergoing IVF/
ICSI, a subgroup of women with a very high GDM risk.

There are several study limitations, including that the 
family history of diabetes, the diagnosis of PCOS, and 
the use of medication, which are important risk factors 
for GDM, as well as pre-pregnancy HbA1c, were not 
recorded because this was a retrospective analysis of a 
previously prospective study focusing on IVF/ICSI out-
comes. However, we have corrected for the biochemical 
diagnostic criteria for PCOS in the form of total tes-
tosterone concentration, as well as AFC and AMH in 
Model B of the multivariate logistic regression. Another 
limitation is that baseline blood tests were performed 
at different times before conception. As lipid levels can 
be significantly influenced by lifestyle factors such as 
diet and physical activity as well as uncontrollable fac-
tors, it could be beneficial to have several measurements 
from each study individual and evaluate their average. 
Furthermore, it is important to note that our study was 
a single-center study with only Chinese women, which 
is important because GDM has different prevalences in 
different regions and ethnicities. Therefore, the findings 
need to be studied in other cohorts to generalize our 
conclusions.

Strengths of this study include that this is the first study 
focusing on the effects of pre-pregnancy lipid levels on 
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GDM incidence specifically in women undergoing ART. 
Furthermore, we measured four different lipid param-
eters and compared them, in addition to three different 
lipid ratios.

Conclusions
From all lipid measurements and ratios, pre-pregnancy 
LDL/HDL and TC/HDL ratios were most significantly 
associated with GDM incidence in this post-hoc analy-
sis of women undergoing IVF/ICSI. Analysis of pre-
pregnancy LDL/HDL and TC/HDL might be a novel and 
cost-effective tool to identify women at high GDM risk in 
daily clinical practice in IVF centers.
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