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Abstract

Background—Abnormal lipid profiles have been associated with gestational diabetes mellitus 

(GDM), but studies with longitudinal measures of lipids throughout pregnancy are sparse. We 

aimed to characterize the longitudinal changes in lipid profiles throughout pregnancy and 

prospectively examine the associations of plasma lipid levels with risk of GDM.

Methods—This is a nested case-control study including 107 GDM cases and 214 matched non-

GDM controls from participants in the NICHD Fetal Growth Studies-Singleton Cohort. Blood 

samples were longitudinally collected at gestational weeks 10–14, 15–26 (fasting sample), 23–31 

and 33–39. Plasma concentrations of triglycerides, total cholesterol, and high-density lipoprotein 

cholesterol (HDL-C) were measured by enzymatic assays. Low-density lipoprotein cholesterol 

(LDL-C) was calculated by the Friedewald's formula.

Results—Plasma levels of triglycerides, total cholesterol, and LDL-C increased as pregnancy 

progressed. At gestational weeks 10–14, the adjusted odds ratios (ORs) of GDM comparing the 

highest versus lowest quartile were 3.15 (95% confidence interval [CI] 1.38–7.15; P for trend = 

0.002) for triglycerides and 0.44 (95% CI 0.18–1.09; P for trend = 0.045) for HDL-C. At 

gestational weeks 15–26, the corresponding ORs were 6.57 (95% CI 2.25–19.17; P for trend = 

0.001) for triglycerides and 0.23 (95% CI 0.08–0.63; P for trend = 0.005) for HDL-C. We 

observed no significant associations for total cholesterol and LDL-C levels with risk of GDM.
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Conclusions—Higher plasma triglyceride and lower HDL-C concentrations in early and mid-

pregnancy were significantly associated with greater risk of GDM. Total cholesterol and LDL-C 

levels during pregnancy were not significantly associated with GDM risk.

The significant finding (s) of the study—Higher triglyceride and lower high-density 

lipoprotein cholesterol concentrations in early and mid-pregnancy are significantly related to 

greater risk of gestational diabetes mellitus. Total and low-density lipoprotein cholesterol levels 

during pregnancy were not associated with gestational diabetes risk.

This study adds—This study is based on longitudinal assessments of plasma lipid 

concentrations across pregnancy in a multiracial pregnancy cohort, which is uniquely suited to 

address temporal associations of plasma lipids in early and mid-pregnancy with the development 

of subsequent gestational diabetes.
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INTRODUCTION

Gestational diabetes mellitus (GDM), defined as glucose intolerance with onset or first 

recognition during pregnancy, is the most common metabolic condition during pregnancy.1 

In the United States, it complicates approximately 9% of all pregnancies2 and its prevalence 

is on the rise.3, 4 GDM is associated with short- and long-term adverse outcomes for both the 

mothers and their children.1, 5 During pregnancy, a continuous supply of nutrients, 

regardless of intermittent maternal food consumption, is required for the growing fetus. As a 

result, pregnant women normally experience physiological changes in carbohydrate and lipid 

metabolism.6, 7 Alterations of maternal lipid metabolism may be related to adverse 

pregnancy and neonatal outcomes.8, 9 However, previous studies on the associations of 

circulating lipid patterns during pregnancy with GDM risk have yielded mixed findings.10–19 

Most previous studies were designed as a cross-sectional comparison between women with 

GDM and those with normal pregnancies, with the majority using blood samples collected 

in the late second trimester or even the third trimester when GDM could have already been 

diagnosed.10 Therefore, such studies lack insights into the temporal relations between lipid 

disturbance and GDM incidence. Several prospective cohort studies have assessed 

circulating lipids at a certain time point in early pregnancy in relation to subsequent risk of 

GDM. However, the associations of longitudinal trends of circulating lipids throughout 

pregnancy with risk of GDM remain poorly understood.

The primary objective of this study was to prospectively examine the associations of 

maternal plasma lipids in the first and second trimesters with subsequent risk of GDM. In 

addition, we aimed to evaluate the longitudinal trend of plasma lipids across different 

trimesters in pregnancy.
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METHODS

The original cohort

This is a nested case-control study among participants from the Eunice Kennedy Shriver 
National Institute of Child Health and Human Development (NICHD) Fetal Growth Studies-

Singleton Cohort, which is a multicenter prospective cohort study conducted by the NICHD 

between 2009 and 2013.20 One of the secondary objectives was to collect blood samples 

throughout pregnancy for an etiologic study of GDM and related complications. The study 

was approved by the institutional review boards of all participating institutions. All 

participants signed written informed consents.

In the NICHD Fetal Growth Studies-Singleton Cohort, 2802 pregnant women representing 

four race-ethnic groups, aged 18–40 years, who had a singleton pregnancy and a pre-

pregnancy body mass index (BMI) ranging from 19–45 kg/m2, were recruited from 12 

clinical centers across the USA. Women with HIV or major chronic conditions such as pre-

pregnancy hypertension, pre-pregnancy diabetes, cancer, psychiatric, renal or autoimmune 

diseases were excluded. Women were followed up from enrollment until delivery using 

sonograms, anthropometric measurements and questionnaires at each visit. Maternal venous 

blood samples were longitudinally collected during four selected study visits, which were 

scheduled at 8–13, 16–22, 24–29 and 34–37 weeks of gestation during pregnancy, of which 

the second visit blood specimen was a fasting sample. In order to obtain weekly biomarker 

data, the participants were randomized to different follow-up schedules within each study 

visit time window. A few participants returned late for the originally scheduled visit, 

therefore the actual gestational weeks at blood collection went slightly beyond the planned 

time windows, ranging at 10–14, 15–26, 23–31 and 33–39 weeks respectively. Plasma 

samples were processed immediately after collection and stored at −80 °C until being 

assayed.

Selection of cases and controls in this nested case-control study

In this study, we included all GDM cases (n=107) identified from the NICHD Fetal Growth 

Studies-Singleton Cohort. GDM was diagnosed by the 3-h oral glucose tolerance test 

(OGTT) according to the American College of Obstetrics and Gynecologists criteria.21 A 

total of 214 non-GDM controls were randomly selected and matched 2:1 to cases on age 

(± 2 years), race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, Asian/

Pacific Islander) and gestational age at blood collection (± 2 weeks).

Exposure variables

Maternal plasma total cholesterol, high-density lipoprotein cholesterol (HDL-C), and 

triglycerides were measured by enzymatic assays using Roche COBAS 6000 Chemistry 

Analyzer (Roche Diagnostics, Indianapolis, IN). Analytical inter-assay coefficients of 

variation for total cholesterol, HDL-C, and triglycerides were 2.2%, 3.2% and 2.3%, 

respectively. Low-density lipoprotein cholesterol (LDL-C) was calculated by the 

Friedewald's formula:22 LDL-C = total cholesterol - HDL-C - triglycerides/5. All values of 

plasma lipid levels were expressed in mg/dl. All assays were performed at the University of 

Minnesota Advanced Research and Diagnostics Laboratory (Minneapolis, MN), without 
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knowledge of GDM status. For the first two visits prior to GDM diagnosis, levels of plasma 

lipids were measured among all GDM cases and controls. For the two visits during or after 

GDM diagnosis, plasma lipid measurements were performed among all cases and one of the 

matched controls.

Covariates

Information on maternal demographic, lifestyle, and medical characteristics was collected 

from questionnaires or retrieved from medical records. We included a priori selected 

covariates that are conventional risk factors for GDM: family history of diabetes and pre-

pregnancy body mass index (BMI) calculated from measured height and self-reported pre-

pregnancy weight. To obtain conservative risk estimates, we also included two matching 

factors that were only matched within a certain range (i.e., maternal age and gestational age 

at blood collection). Race/ethnicity was exactly matched between GDM cases and controls 

and was not included in the multivariable model. In addition, we did not include maternal 

smoking status in the multivariable model, because according to the original cohort design,20 

non-obese women who smoked in the 6 months prior to pregnancy were not eligible for the 

cohort and among obese participants, only 5 smoked in the 6 months prior to pregnancy.

Statistical analysis

Descriptive statistics were reported as mean ± standard deviation (SD) for continuous 

variables or frequencies for categorical variables. Comparisons of participant characteristics 

between GDM cases and controls were performed by mixed-effect linear regression models 

for continuous variables and binomial/multinomial logistic regression with generalized 

estimating equations for binary/multilevel categorical variables, accounting for matched 

case-control pairs.

To assess the association of each plasma lipid variable with risk of GDM, women were 

grouped according to quartiles based on the distribution of the lipid variable among the 

controls, with the lowest quartile as the referent group. To ensure that biomarker 

measurements preceded the diagnosis of GDM, we excluded one GDM case at gestational 

weeks 10–14 and five GDM cases at gestational weeks 15–26 from the final analysis, since 

their blood samples were collected after the diagnosis of GDM. We calculated odds ratios 

(ORs) of GDM and 95% confidence intervals (CIs) using multivariable conditional logistic 

regression models. We adjusted for age (continuous), gestational age at blood collection 

(continuous), family history of diabetes (yes/no), and pre-pregnancy BMI (<25.0, 25.0–25.9, 

30.0–34.9, 35.0–44.9 kg/m2). Tests for linear trends in the ORs across quartiles of plasma 

lipids were conducted by assigning a median value for each quartile and fitting them as a 

continuous variable in the model.

We performed interaction tests with multiplicative terms to evaluate whether the associations 

of maternal plasma lipids with GDM risk were modified by pre-pregnancy body weight 

status and family history of diabetes. To visualize the longitudinal changes of plasma lipids 

levels throughout pregnancy in GDM cases and controls, mean levels and standard errors 

(SE) of each biomarker were plotted against gestational-age intervals of 2–3 weeks. 
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Comparisons of the longitudinal changes between GDM cases and controls were performed 

using mixed-effect linear regression models accounting for matched case-control pairs.

All statistical analyses were performed using the SAS software version 9.4 (SAS Institute, 

Cary, NC) program. A P-value < 0.05 was considered statistically significant.

RESULTS

Participant characteristics among GDM cases and matched controls in this study have been 

described in a previous report.23 In brief, compared to controls, women who developed 

GDM had greater pre-pregnancy BMI and were more likely to have a family history of 

diabetes. No statistical differences were observed in terms of education, type of health 

insurance, marital status, parity, smoking, and alcoholic beverage consumption 

(Supplementary Table 1).

Women who developed GDM had higher plasma levels of triglycerides, but lower levels of 

HDL-C (Figure 1). There was no significant difference in total cholesterol or LDL-

cholesterol levels. Plasma levels of triglycerides and HDL-C at both 10–14 and 15–26 weeks 

of gestation were significantly associated with subsequent risk of GDM (Table 1). In the 

multivariable model, the adjusted ORs of GDM for plasma lipids across increasing quartiles 

were 1.00 (reference), 0.95, 1.92, and 3.15 (P for trend = 0.002) for triglycerides and 1.00 

(reference), 0.61, 0.46 and 0.44 (P for trend = 0.045) for HDL-C at gestational weeks 10–14. 

At gestational weeks 15–26, the corresponding ORs were 1.00 (reference), 2.92, 5.32, and 

6.57 (P for trend = 0.001) for triglycerides and 1.00 (reference), 0.97, 0.73 and 0.23 (P for 

trend = 0.005) for HDL-C. Additional adjustment for other lipid fractions modestly 

attenuated the observed associations. For instance, at gestational weeks 10–14, the ORs of 

GDM comparing the highest versus lowest quartile were 2.70 (1.15–6.35) for triglycerides 

and 0.71 (0.28–1.81) for HDL-C after additional adjustment for other lipid fractions. At 

gestational weeks 15–26, the corresponding ORs were 6.75 (2.06–22.1) for triglycerides and 

0.49 (0.15–1.59) for HDL-C. We observed no significant associations for plasma total 

cholesterol and LDL-C levels with risk of GDM. No significant effect modification by pre-

pregnancy body weight status or family history of diabetes was observed (data not shown).

In the analyses of longitudinal trends of plasma lipids throughout pregnancy, we observed a 

consistently lower level of HDL-C in GDM cases compared to controls, with significant 

differences at gestational weeks 13–15, 20–23, 24–27 and 32–35. For triglycerides, GDM 

cases showed a higher level on average than controls in the first and second trimesters, but 

there was no significant difference afterward (Figure 2). Longitudinal changes of total 

cholesterol and LDL-C were not significantly different between GDM cases and controls 

across pregnancy.

DISCUSSION

Among women who were longitudinally followed up from early pregnancy until delivery, 

we observed a positive association between plasma triglyceride levels and subsequent risk of 

GDM and an inverse association between plasma HDL-C levels and risk of GDM. 

Comparing the longitudinal trends in plasma lipid levels throughout pregnancy in women 
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who developed GDM with those who did not, we found that plasma HDL-C levels in GDM 

cases were consistently lower from early to late pregnancy and that plasma triglyceride 

levels were higher among GDM cases in the first and second trimesters than controls.

To our knowledge, only two previous studies have profiled longitudinal changes of 

circulating lipid levels during pregnancy in women with and without GDM.11, 12 However, 

both prior studies were based on a small sample size (one with 9 and the other with 12 GDM 

cases), potentially compromising the statistical power required to identify significant 

associations between plasma lipids and GDM risk. The study by Montelongo et al,11 

including only 9 GDM cases and 12 healthy controls, observed a significantly lower level of 

HDL-C in GDM cases than controls without finding significant difference in triglyceride 

levels between cases and controls. Paradisi et al enrolled 50 high risk pregnant women, of 

whom 12 developed GDM.12 A significantly greater risk of GDM was found in association 

with higher levels of triglycerides in the second trimester and LDL cholesterol in the third 

trimester, while there were no significant associations between plasma lipid levels and risk 

of GDM during the first trimester.12

Our findings on the prospective associations of plasma lipid levels in the first and second 

trimesters with risk of GDM were consistent with some, but not all previous prospective 

studies. Similar to our results, Enquobarie et al13 observed a positive association between 

triglyceride levels at on average 13 weeks of gestation and risk of developing GDM. 

However, they did not find a significant association for other lipids. Savvidou et al14 and 

Makgoba et al15 found that women who developed GDM had higher levels of triglycerides 

and lower levels of HDL-C in the first trimester. Zhou et al16 reported that lower HDL-C 

levels and higher triglyceride levels at 20 weeks of gestation were associated with the 

development of GDM. In a previous study among obese pregnant women only, there was no 

significant associations for lipids in the first and early second trimesters with GDM.17 In our 

subgroup analysis with obese women, we found a positive association between plasma 

triglyceride levels at gestational weeks 10–14 with subsequent risk of GDM (data not 

shown). Other studies, for example, Sanchez-Vera et al18 and Nolan et al19 reported higher 

levels of triglycerides in women who developed GDM than controls in the univariate 

analysis but the association was not significant in multivariable analysis. The difference in 

these study findings may be, at least partly, due to heterogeneity in the study design and 

study methods, such as differences in gestational age at blood collection, fasting status, and 

diagnostic criteria for GDM, inconsistent or inadequate control for confounding, and 

variations in population characteristics. Consistent with our findings, a recent meta-analysis 

showed that women who developed GDM, compared with those without insulin resistance 

during pregnancy, had higher triglycerides across all three trimesters of pregnancy.10 HDL-C 

levels were significantly lower in women with GDM compared with women with normal 

pregnancy, but this difference was not observed in the first trimester.10 More longitudinal 

studies with a large sample size are warranted to establish the role of lipids metabolism in 

the development of GDM across populations.

The observed associations of plasma lipids with GDM in this study are biologically 

plausible, although precise mechanisms remain to be elucidated. During pregnancy, there are 

significant physiological changes in glucose and lipid metabolism. Alteration of lipids and 
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lipoproteins could be a result of increased maternal hormone levels and other maternal 

factors such as pre-pregnancy BMI and gestational weight gain.24–27 Diareme et al reported 

that the rate of changes in individual plasma lipids varied during normal pregnancy, with 

triglycerides showing the largest increase and HDL-C the smallest.28 Similar to previous 

reports,24 we observed an initial slow slope in the increase of triglyceride levels in the first 

trimester, followed by a large increase towards the second trimester and doubled levels in the 

third trimester, although not all triglyceride levels in our study were measured in fasting 

samples. Human data illustrate that excessive triglyceride accumulation within skeletal 

muscles is linked with decreased insulin sensitivity,29 which in turn may contribute to the 

development of GDM.

This study has several strengths. It is nested in a prospective cohort with longitudinal 

assessments of maternal plasma lipid levels throughout pregnancy, which not only allows 

assessment of the temporal relation between lipid levels and the development of GDM, but 

also provides a unique opportunity to profile the longitudinal, gestational changes in lipids 

among GDM cases and matched controls. Compared to previous longitudinal studies on 

circulating lipids and GDM,11, 12 this study was relatively larger in sample size and better 

powered to detect the associations. This study was conducted in a multiracial cohort, which 

may help establish generalizability of our findings. In addition, a fasting sample was taken 

during the study visit at 15–26 weeks of gestation in this study, which reduces potential 

influence of food intake on plasma lipid levels.

We acknowledge that there are several limitations. First, we were unable to collect fasting 

samples for study visits other than 15–26 weeks of gestation, given the feasibility issues and 

that it is particularly difficult women to fast during pregnancy. As a result, the longitudinal 

trends of plasma lipid levels during pregnancy in this study should be interpreted with 

caution. However, fasting status is unlikely to have appreciable influence on the observed 

association. Several large population-based studies have determined that fasting times show 

little association with lipid subclass levels30, 31 and fasting has little impact on the overall 

association with clinical outcomes.32, 33 Recently, a joint consensus statement from several 

European Societies even recommended routine use of non-fasting blood samples for the 

assessment of plasma lipid profiles, and emphasized that non-fasting and fasting blood lipids 

should be complementary.34 Second, the prospective and longitudinal nature of this study 

will reduce, but could not fully exclude, the possibility of reverse causation. It should also be 

noted that by design, this study excluded women with major chronic conditions such as 

diabetes and cardiovascular diseases from the enrollment, which further lowers the 

possibility of reverse causation. Further investigation on the causal role of plasma lipids in 

GDM development is needed, especially given that a recent study35 showed an inverse 

association of genetically elevated LDL-C, HDL-C, and triglycerides with type 2 diabetes 

risk. Third, although we have considered major confounders in the analysis, we could not 

rule out the possibility of potential residual confounding. For instance, maternal adiposity is 

a shared risk factor for lipid disorders and GDM; although we adjusted for pre-pregnancy 

BMI, there may still be residual confounding from maternal adiposity.

In conclusion, in a longitudinal study of pregnant women of multi race/ethnicity, we 

observed that higher plasma triglyceride and lower HDL-C concentrations in early and mid-
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pregnancy are significantly related to greater subsequent risk of GDM. Future research is 

warranted to investigate the interplays of dyslipidemia with biomarkers in other pathways in 

the etiology of GDM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Mean plasma levels of (A) total cholesterol, (B) triglycerides, (C) HDL-C, and (D) LDL-
C among women with gestational diabetes (n = 107) and their matched controls (n = 214) at 
gestational weeks 10–14 and 15–26
HDL-C denotes HDL cholesterol; LDL-C, LDL cholesterol; GW, gestational weeks.

P values for case-control comparisons were obtained by mixed-effect linear regression 

models accounting for matched case-control pairs at gestational weeks 10–14 and 15–26, 

respectively.
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Figure 2. Mean plasma levels (± SE) of total cholesterol (A), HDL-C (B), LDL-C (C), and 
triglycerides (D) according to gestational-age intervals among women with gestational diabetes 
(squares, solid line) and their matched controls (circles, dashed line)
HDL-C denotes HDL cholesterol; LDL-C, LDL cholesterol.

*P <0.05; **P <0.01; ***P <0.001 for case-control comparisons obtained by mixed-effect 

linear regression models accounting for matched case-control pairs at each gestational-age 

interval.
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Table 1

Risk of gestational diabetes according to quartiles of plasma lipid concentrations at gestational weeks 10–14 

and 15–26, the NICHD Fetal Growth Studies-Singleton Cohort

GDM Case n Control n Crude model Multivariable model*

Gestational weeks 10–14†

Total cholesterol, mg/dL

  Q1: 109.0–158.0‡ 21 53 1.00 1.00

  Q2: 159.0–179.0 25 54 1.16 (0.59, 2.28) 1.23 (0.59, 2.56)

  Q3: 180.0–199.0 34 52 1.83 (0.92, 3.64) 2.31 (1.06, 5.03)

  Q4: 200.0–289.0 20 53 1.00 (0.49, 2.05) 0.96 (0.44, 2.11)

  P-for-trend 0.792 0.791

HDL–C, mg/dL

  Q1: 18–54.9 40 53 1.00 1.00

  Q2: 55.1–63.6 26 53 0.63 (0.34, 1.15) 0.61 (0.31, 1.19)

  Q3: 63.7–72.6 16 53 0.37 (0.17, 0.79) 0.46 (0.20, 1.07)

  Q4: 73.2–125.4 18 53 0.42 (0.20, 0.87) 0.44 (0.18, 1.09)

  P-for-trend 0.011 0.045

LDL–C, mg/dL

  Q1: 1.4–70.4 23 53 1.00 1.00

  Q2: 70.5–88.2 25 53 1.10 (0.56, 2.16) 1.43 (0.66, 3.09)

  Q3: 88.4–105.4 28 53 1.26 (0.66, 2.43) 1.63 (0.79, 3.33)

  Q4: 105.9–170.3 24 53 1.04 (0.54, 2.01) 1.05 (0.49, 2.23)

  P-for-trend 0.829 0.726

Triglycerides, mg/dL

  Q1: 56.0–93.0 14 53 1.00 1.00

  Q2: 94.0–119.0 15 54 0.96 (0.43, 2.17) 0.95 (0.38, 2.34)

  Q3: 120.0–155.0 25 53 1.70 (0.79, 3.64) 1.92 (0.82, 4.49)

  Q4: 157.0–389.0 46 52 3.20 (1.54, 6.66) 3.15 (1.38, 7.15)

  P-for-trend <0.001 0.002

Gestational weeks 15–26†

Total cholesterol, mg/dL

  Q1: 118.0–177.0 24 54 1.00 1.00

  Q2: 178.0–207.0 35 53 1.31 (0.68, 2.51) 1.28 (0.62, 2.67)

  Q3: 209.0–230.0 17 55 0.61 (0.29, 1.26) 0.63 (0.28, 1.39)

  Q4: 231.0–358.0 17 51 0.66 (0.31, 1.40) 0.78 (0.35, 1.77)

  P-for-trend 0.099 0.299

HDL–C, mg/dL

  Q1: 12.3–58.1 32 54 1.00 1.00

  Q2: 58.3–70.1 28 53 0.84 (0.42, 1.67) 0.97 (0.45, 2.10)

  Q3: 70.2–82.7 24 53 0.73 (0.34, 1.53) 0.73 (0.30, 1.77)

  Q4: 83.0–124.3 9 53 0.25 (0.10, 0.59) 0.23 (0.08, 0.63)
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GDM Case n Control n Crude model Multivariable model*

  P-for-trend 0.002 0.005

LDL–C, mg/dL

  Q1: 11.6–82.7 24 54 1.00 1.00

  Q2: 82.9–104.4 31 53 1.23 (0.61, 2.50) 1.12 (0.50, 2.48)

  Q3: 104.4–125.4 18 53 0.80 (0.39, 1.66) 0.87 (0.39, 1.93)

  Q4: 125.9–214.4 20 53 0.78 (0.38, 1.59) 0.81 (0.37, 1.76)

  P-for-trend 0.326 0.486

Triglycerides, mg/dL

  Q1: 64.0–104.0 9 57 1.00 1.00

  Q2: 105.0–134.0 17 50 1.89 (0.76, 4.73) 2.92 (0.98, 8.75)

  Q3: 136.0–170.0 32 53 3.53 (1.52, 8.23) 5.32 (1.84, 15.39)

  Q4: 171.0–378.0 35 53 3.94 (1.68, 9.25) 6.57 (2.25, 19.17)

  P-for-trend 0.001 0.001

LDL-C, LDL cholesterol (mg/dL); HDL-C, HDL cholesterol (mg/dL); Q, quartile.

Multivariable conditional logistic regression models were used to estimate odds ratios (ORs) of GDM and 95% confidence intervals (CIs).

*
Adjusted for maternal age (years), gestational age at blood collection (weeks), parity, family history of diabetes (yes/no), and pre-pregnancy body 

mass index (<24.9, 25.0–25.9, 30.0–34.9, 35.0–44.9 kg/m2).

†
Timing of blood sample collection preceded the diagnosis of gestational diabetes.

‡
Range of biomarker concentrations within each quartile among non-gestational diabetes controls.
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