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Context: Lower LDL peak diameter and a predominance of small, dense LDL are associated with
type 2 diabetes, but it is unclear whether they are a risk factor for gestational diabetes mellitus
(GDM).

Objective: To evaluate whether pre-pregnancy lipid profile predicts development of GDM during
pregnancy.

Design: A nested case-control study among women who participated in a multiphasic health exam
where blood was collected and stored between 1984 and 1996 and then had a subsequent preg-
nancy between 1984 and 2009.

Setting: Kaiser Permanente Northern California.

Participants: Cases were 254 women who developed GDM. Two controls were selected for each
case and matched for year of blood draw, age at baseline, age at pregnancy, and number of
intervening pregnancies.

Main Outcome Measures: Pre-pregnancy LDL peak diameter and pre-pregnancy lipid subfraction
concentrations grouped according to size, and odds of developing GDM.

Results: Women in the lowest quartiles of LDL peak diameter and HDL had increased odds of GDM
compared with women in the highest quartiles [OR (95% CI): 2.60 (1.37–4.94) and 1.98 (1.01–3.86),
respectively], in multivariable adjusted models. Being in the highest quartile of small and very small
LDL sub-fractions also increased the odds of GDM [2.61 (1.35–5.03) and 2.44 (1.22–4.85),
respectively].

Conclusions: Lower LDL peak diameter size and HDL levels and higher levels of small and very small
LDL subfraction groups were present years before pregnancy in women who developed GDM. A
pre-pregnancy atherogenic lipid profile may help identify women at risk of GDM to target for
prevention.

Women with gestational diabetes mellitus (GDM) are
at increased risk for perinatal morbidities (1–3)

and developing type 2 diabetes (4), and their offspring are
at increased risk of childhood obesity and later diabetes as
well (5, 6). However, it has not been well established what
biomarkers can be used to detect risk of GDM before preg-
nancy, to help prevent adverse pregnancy and metabolic

outcomes in both mothers and their children. Prepreg-
nancy biomarkers may provide valuable insight into un-
derstanding the etiology of GDM, which can in turn in-
form GDM prevention strategies.

Having a predominance of small, dense low density
lipoprotein (LDL) particles and a small LDL peak particle
diameter has been associated with insulin resistance, type
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2 diabetes, and cardiovascular disease (7–10), but it is
unclear whether this adverse lipid profile is also a risk
factor for GDM. Past studies (11, 12) have only been able
to assess LDL particle size and lipid concentrations during
pregnancy, when lipid profile is known to change in re-
sponse to the hormonal and metabolic changes induced by
pregnancy (13). These two previous studies also had lim-
ited sample size, but they suggest that women with GDM
are more likely to have a smaller mean LDL particle di-
ameter (11) and higher concentrations of small, dense
LDL subfractions during pregnancy (12). To clarify the
temporal sequence of this association, it is important to
study prospectively how the prepregnancy LDL particle
profile is related to subsequent risk of GDM. In addition,
new techniques make it possible to assess the entire spec-
trum of LDL, high density lipoprotein (HDL), and other
lipoprotein particles and to better characterize and group
lipid subfractions by size (14). Therefore the objective of
this study was to evaluate whether LDL peak diameter and
specific LDL subfractions, HDL, Very Low Density Lipo-
protein (VLDL), and Intermediate Density Lipoprotein
(IDL) measured years before pregnancy are associated
with development of GDM.

Materials and Methods

The setting is Kaiser Permanente Northern California (KPNC),
an integrated health care delivery system that provides medical
care for about one third of the underlying population in the San
Francisco Bay Area. KPNC subscribers are representative of the
region (15).

The source population consisted of female KPNC members
who completed a voluntary Multiphasic Health Checkup
(MHC) at the Kaiser Permanente Oakland Medical Center be-
tween 1984 and 1996. KPNC members at this facility were in-
vited to complete a comprehensive health checkup upon enroll-
ment. The MHC consisted of a clinic visit for the completion of
questionnaires and clinical measurements, including blood pres-
sure (BP), weight, and serum glucose and cholesterol (measured
in serum obtained from a random blood draw). An extra serum
sample was collected and stored at –40°C for future use. The goal
of the MHC was to provide health maintenance through early
diagnosis (16).

Among women 15–45 years of age (median age of 34) who
participated in the MHC from 1985–1996 (n � 27,743 with
clinical and questionnaire data, as well as an extra serum sam-
ple), we identified 4098 women who subsequently delivered an
infant as of 2010 by searching the KPNC hospitalization data-
base and the Pregnancy Glucose Tolerance and GDM Registry
(17), an active surveillance registry that annually identifies all
pregnancies resulting in a livebirth or stillbirth among KPNC
members. Women with recognized prepregnancy diabetes (18)
are excluded from the GDM Registry; therefore, women who
had been diagnosed with diabetes prior to the index pregnancy
were not eligible to be included. The Pregnancy Glucose Toler-
ance and GDM Registry captures the results of all screening and

diagnostic tests for GDM from KPNC’s electronic laboratory
database (data available since 1994).

Study Design
This is a nested case-control study, within a cohort of 4098

women who took part in an MHC examination, had an extra
tube of serum stored for future use, and had a subsequent preg-
nancy, on average, 7 years after the MHC examination. All co-
hort members who went on to develop GDM were included as
cases; 2 controls were selected for each case from among women
not meeting the GDM case definition.

GDM case definition
267 women with GDM were identified through the KPNC

electronic databases. Cases had either 1) glucose values obtained
during a standard 100-g, 3-hour oral glucose tolerance test
(OGTT) that met the Carpenter-Coustan plasma glucose thresh-
olds for GDM (19) in the laboratory database (n � 228), or 2)
a hospital discharge diagnosis of GDM in the electronic hospital
discharge database for pregnancies occurring before the elec-
tronic laboratory data were available (prior to 1994; n � 39).
Standardized medical chart review was conducted by trained
abstractors to confirm that all 267 cases had a 100-g, 3-hour
OGTT meeting the Carpenter-Coustan criteria (19) for GDM
[plasma glucose thresholds: fasting, 5.3 mmol/l (95 mg/dl);
1-hour, 10.0 mmol/l (180 mg/dl); 2-hour, 8.6 mmol/l (155 mg/
dl); 3-hour, 7.8 mmol/l (140 mg/dl)] and to assess possible inel-
igibility. Cases were excluded if, at the time of the MHC exam-
ination, they had a random glucose � 200 mg/dl (n � 6) or no
indication of GDM during the index pregnancy (n � 5). In ad-
dition 2 cases were excluded because of an unmeasurable lipid
sample (n � 2), leaving a total of 254 confirmed cases of GDM
with valid lipid measurements.

Control Selection and Matching Criteria
Among women without an indication of GDM, controls were

randomly selected; two controls were individually matched to
each case on year of MHC serum collection date (�3 months),
age at MHC serum collection (�2 years), number of intervening
pregnancies (0, 1, �2), and age at delivery of the index pregnancy
(�2 years). Matching for the year of serum collection was re-
quired to account for any potential degradation in the quality of
the serum over time, thereby assuring the sample storage time
was approximately the same for cases and controls. Since GDM
is more common in older women, age at serum collection and age
at delivery were used for matching. To account for any differ-
ences in pregnancies between baseline examination and the index
pregnancy, cases and controls were matched by number of preg-
nancies. Controls were excluded from the analysis if they had
glucose values diagnostic of GDM found during medical chart
abstraction (n � 5), had an abnormal screening glucose but no
follow-up diagnostic glucose test (n � 5), had one abnormal
glucose value on the diagnostic glucose test suggestive of ‘mild’
GDM (n � 5), or an unmeasurable lipid sample (n � 7). Of the
508 matched controls identified, 490 were eligible.

Exposure Variables
Lipoprotein particle analysis was performed by Dr. Ronald

Krauss’s lab at the Children’s Hospital Oakland Research Insti-
tute. Lipid subfraction concentrations (nmol/L) were measured
by ion mobility, as was peak LDL diameter (Å) (20). LDL sub-
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fractions were grouped as a function of particle diameter as de-
scribed previously: LDL-Large (22.0 –23.3 nm); LDL-Medium
(21.4–22.0 nm); LDL-Small (20.8–21.4 nm); LDL-Very Small
(18.0–20.8 nm). Subfractions of IDL, VLDL, and HDL were
grouped together and analyzed as the following size ranges: To-
tal HDL as both HDL-Small and HDL-Large (7.7–14.5 nm), IDL
as both IDL-Small and IDL-Large (23.3–29.6 nm), and VLDL as
VLDL-Small, VLDL-Medium, and VLDL-Large (29.6–52.0
nm) (21).

Covariate data
Body mass index (BMI) at the time of MHC examination was

calculated as kg/m2; height was measured using a stadiometer
and weight using a balance beam scale. To calculate weight
change (kg/y) from the MHC examination to the start of preg-
nancy, prepregnancy weight was abstracted from the medical
record, or self-reported prepregnancy weight was used if mea-
sured was unavailable. Information on age, race/ethnicity, fam-
ily history of diabetes, alcohol consumption (�1 drink/d vs � 1
drink/d), and time since food ingestion (divided into 2-hour in-
crements since last food ingestion at the time of the MHC up to �
10 hours) was collected using self-administered questionnaires
(16). Total cholesterol was assessed using a Kodak Ektachem
Chemistry analyzer by the regional laboratory of KPNC at the
time of the MHC. This laboratory participates in the College of
American Pathologists’ accreditation and monitoring program.
Serum samples were thawed, aliquoted and transported in
batches on dry ice to Dr. Peter Havel’s laboratory at the Uni-
versity of California, Davis, for measurement of insulin by ra-
dioimmunoassay (RIA) (Millipore). The intra-assay and inter-
assay CVs are � 4.0% and � 10%, respectively. Insulin
resistance was calculated based on the homeostasis model as-
sessment-estimated insulin resistance (HOMA-IR) using the fol-
lowing equation: (fasting glucose x fasting insulin)/22.5, where
glucose was measured in mmol/liter and insulin in �U/ml (22).

Statistical Analysis
Conditional logistic regression was used to obtain odds ratios

(ORs) to estimate the risk of GDM continuously by 1 standard
deviation (SD) change in lipid size or concentration, and by quar-
tile of concentration for each lipid subfraction group of interest
(see Table 1 for list). LDL peak diameter was modeled in the same
manner. We chose potential confounders a priori including: race/
ethnicity, prepregnancy BMI, alcohol use, family history of di-
abetes, HOMA-IR, and time since last food intake (in 2-hour
increments with the final category � 10 hours fasting), all as-
sessed at the time of the MHC. To examine the effect of weight
gain during pregnancy up to the time of GDM diagnosis, this
variable was also added to the adjusted conditional logistic re-
gression model. P-values for tests for trend for each lipid group
were obtained to examine if there were significant trends with
increasing or decreasing quartiles in the adjusted models.

To assess the potential modifying effects of prepregnancy
BMI [overweight or obese (�25 kg/m2) vs not overweight or
obese (�25 kg/m2)], race-ethnicity (white, Asian, Hispanic and
African American), and median time since MHC examination
(�6.2 years vs � 6.2 years), we included appropriate interaction
terms in the fully adjusted regression model with 1 standard
deviation decrease of LDL peak diameter.

This study was approved by the Institutional Review Board of
the Kaiser Foundation Research Institute.

Results

Table 1 summarizes the demographic, anthropometric,
reproductive, and metabolic characteristics of the study
participants by case/control status. There were higher pro-
portions of Asians and Hispanics among cases. Compared
to controls, women with GDM had higher levels of several
cardiometabolic risk factors, including a family history of
diabetes, a higher prepregnancy BMI, and higher weight
gain before pregnancy. Cases had higher glucose, choles-
terol, insulin, and calculated HOMA-IR values at their
MHC examination conducted on average 7 years before
pregnancy. Prepregnancy LDL peak diameter was, on av-
erage, 1.4 Å smaller in cases (230.6 � 5.6 Å) compared to
controls (232.0 � 4.7 Å). Cases had higher concentrations
of all LDL subfractions and lower concentrations of total
HDL compared to controls.

Table 2 displays the associations between prepreg-
nancy lipoprotein particle concentrations and peak par-
ticle diameter with GDM risk obtained from conditional
logistic regression models. Continuous and quartile mod-
els were similarly significant. Women with a prepregnancy
LDL peak diameter in the lowest quartile had 2.6 times the
odds of developing GDM compared to the reference quar-
tile (highest quartile) (Odds Ratio (OR): 2.60, 95% Con-
fidence Interval (CI): 1.37–4.94), in the fully adjusted
model. There was a significant trend of increasing odds of
GDM with decreasing quartile of LDL peak diameter.

In analysis related to lipoprotein subfractions grouped
according to particle diameter (Table 2), increasing con-
centration of the LDL-Smallest particles led to increased
odds of developing GDM (P-trend � 0.01). The highest
two quartiles of LDL-Smallest particle concentrations
were significantly associated with increased odds of de-
veloping GDM (OR: 1.99, 95% CI: 1.05–3.75 for quartile
3; and OR: 2.44, 95% CI: 1.22–4.85 for quartile 4) com-
pared to the first quartile. LDL-Medium had increased
odds of GDM with increasing quartile concentration of
each (P-trend � 0.01). However, unlike in the quartile
model, in the adjusted continuous model, LDL-Small was
not significant and did not have a significant P-trend.
While none of the quartiles were significant for LDL-
Large, the adjusted continuous model was significant, re-
flecting the significant P-trend of increasing risk of GDM
with increasing concentration of LDL-Large particles.
Women in the lowest two quartiles of total HDL particle
concentration had nearly two times higher odds of GDM
compared to women in the highest HDL quartile (OR:
1.98; 95% CI: 1.01–3.86 for Quartile 1 and OR: 1.92;
95% CI 1.02–3.62 for Quartile 2). Neither total IDL or
VLDL particle concentrations were significantly associ-
ated with GDM.
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Table 1. Characteristics of gestational diabetes case women and control women

GDM cases
(n � 254)

Controls
(n � 490) P-value1

Age at MHC
clinic visit
(years)

27.8 � 5.5 27.9 � 5.2 0.069

Age at delivery
(years)

35.0 � 5.1 34.6 � 4.9 0.002

Time between
exam and
delivery
(years)

7.1 � 4.4 6.7 � 4.4 �0.001

Race/Ethnicity �0.001 �
0.001Non-Hispanic

White
50 (19.7) 183 (37.4)

African
American

90 (35.4) 180 (36.7)

Asian/Pacific
Islander

80 (31.5) 84 (17.1)

Hispanic 34 (13.4) 43 (8.8)
Alcohol use

(Occasional
or more
drinks/day)

147 (57.9) 341 (69.6) �0.001

Family History
of Diabetes

151 (59.5) 187 (38.2) �0.001

Pre-pregnancy
Body Mass
Index (kg/m2)

26.1 � 6.5 23.7 � 4.6 �0.001

Weight change
from MHC to
pregnancy
(kg)

8.2 � 9.9 4.4 � 8.1 �0.001

Time since last
food
ingestion at
MHC

0.355

�2 h 19 (7.5) 32 (6.5)
2-�4 h 42 (16.5) 85 (17.4)
4-�6 h 41 (16.1) 86 (17.6)
6–8 h 17 (6.7) 40 (8.2)
8-�10 h 113 (44.5) 194 (39.6)
�10 h 18 (7.1) 29 (5.9)

Glucose (mg/
dL)

89.7 � 13.5 83.6 � 8.4 �0.001

Cholesterol
(mg/dL)

182.9 � 33.3 176 � 32.6 0.006

HOMA-IR index 6.1 � 8.1 3.7 � 4.2 �0.001
Insulin (�Units/

ml)
25.9 � 28.7 17.4 � 16.8 �0.001

LDL peak
diameter (Å)

230.6 � 5.6 232.0 � 4.7 �0.001

Sub-fraction
groups
(nmol/liter)2

HDL3 4180.4 � 1524.9 4650.8 � 1605.5 �0.001
LDL-Large4 369.9 � 178.2 334.6 � 146 0.003
LDL-
Medium5

94.3 � 70.2 77.2 � 47.8 �0.001

LDL-Small6 61.1 � 41.5 53.7 � 31.5 0.006
(Continued )
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There was no significant effect modification by BMI,
race-ethnicity, or time since MHC examination for any of
the associations examined.

Discussion

In this case-control study, women who developed GDM
had a smaller LDL peak diameter, lower average HDL
concentrations, and higher average concentrations of
small, dense LDL particles on average 7 years before preg-
nancy compared to controls. Smaller LDL peak diameter,
lower HDL levels, and higher levels of small, dense LDL
particles were associated with subsequent development of
GDM, independently of known risk factors including
BMI, weight gain before pregnancy, age, and race-ethnic-
ity, as well as markers of insulin resistance and family
history of diabetes. Our findings are among the first to
suggest that smaller LDL peak diameter and an adverse
lipid profile consisting of low HDL levels and smaller,
denser, LDL subfractions may predict GDM years before
pregnancy.

The relationship between LDL particle size and type 2
diabetes and insulin resistance has been well-studied.
Haffner et al found that decreasing LDL size is associated
with insulin resistance in individuals without diabetes
(23), and Krayenbeuhl et al found that in type 2 persons
with diabetes, insulin resistance was correlated with
smaller LDL particle size (R � 0.61) (24). Suh et al found
that 203 Korean type 2 diabetes patients had significantly
smaller LDL mean particle size (26.32 nm vs. 26.49 nm)
and a higher percentage of small, dense LDL to total LDL
(25). In terms of prospective studies, Mora et al found that
small LDL was associated with incident diabetes with a
hazard ratio (HR) of 4.04 (95% CI: 3.21–5.09) after ad-
justment (26). However, less is known about the role of the
lipid profile in GDM risk.

Our findings of the prospective association between
LDL subfractions and GDM are generally consistent with
findings from nonprospective studies. Qiu et al found that
GDM cases had a lower mean LDL particle size when

measured during delivery compared with controls and a
nonsignificant but nearly twofold higher odds of GDM for
each 10 Å decrease in LDL mean particle size (11). Rizzo
et al examined LDL size in the second trimester of preg-
nancy and found that overall LDL size was decreased in
GDM cases (12). However, these prior studies did not
examine other lipoproteins such as HDL, and their sam-
ples were obtained during pregnancy and may have been
influenced by GDM status. During pregnancy women ex-
perience hormonal and metabolic changes; concentrations
of VLDL, IDL, and triglycerides increase as do concen-
trations of small, dense LDL (13). Therefore, assessing the
associations prepregnancy allowed us to examine the tem-
poral association between the lipoprotein profile and
GDM. We found that decreasing prepregnancy LDL peak
diameter and having higher levels of smaller, denser LDL
particles was associated with increasing odds of subse-
quently developing GDM. We also found that lower levels
of prepregnancy HDL were associated with developing
GDM, similar to what has been found in the CARDIA
study (27).

While the present results support the possibility that
small, dense LDL particles may play a role in the devel-
opment of GDM, the mechanistic basis for such an effect
remains speculative. The underlying etiology of GDM is
believed to be diminished �-cell function coupled with
increased insulin resistance (28), leading to an inability to
compensate for the increased insulin resistance induced by
pregnancy. Small LDL particles have reduced LDL recep-
tor affinity, are more susceptible to uptake by arterial
walls, and are more susceptible to oxidation (14, 29), lead-
ing to increased free radical activity. Oxidative stress in-
duces insulin resistance in peripheral tissue and impairs
insulin secretion from pancreatic �-cells (30, 31). Hence,
such an effect of small, dense LDL could contribute to
increased likelihood of developing GDM.

The strengths of this study include a large and diverse
study cohort, with strong representation from several ra-
cial-ethnic groups and a large number of GDM case pa-
tients with matched controls. To our knowledge this is the

Table 1. Continued

GDM cases
(n � 254)

Controls
(n � 490) P-value1

LDL-Very
Small7

110.2 � 43 101.9 � 36.9 0.003

VLDL8 134.4 � 44.5 130.3 � 43.5 0.168
IDL9 371.7 � 125.5 386.8 � 119.9 0.112

Data are mean � SD or N (%), unless otherwise indicated. 1P-values from conditional logistic regression.. 2Groups for analysis assigned as
following: 3HDL-Small � HDL-Large (7.7–14.5 nm). 4LDL-Large (22.0–23.3 nm). 5LDL-Medium (21.4–22.0 nm). 6 LDL-Small (20.8–21.4 nm). 7LDL-
Very Small (18.0–20.8 nm). 8VLDL-Small � VLDL-Medium � VLDL large (29.6–52.0 nm). 9IDL-Small � IDL-Large (23.3–29.6 nm).
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first study to utilize prepregnancy measurements to ex-
amine the relationship of specific lipoprotein subfractions
to development of GDM.

This study also has several important limitations. First,
over half our samples were nonfasting, and there can be

changes in LDL size in nonfasting individuals (32–34). To
account for this, we adjusted for time since last food in-
gestion as a proxy for fasting status in 2-hour increments
with the final category � 10 hours fasting. We were unable
to assess triglyceride levels which may influence LDL par-

Table 2. Odds ratios (OR) and 95% confidence intervals (CI) for GDM associated with pre-pregnancy lipids.

Pre-pregnancy risk factor

Conditional logistic regression
models

Crude Multivariable
adjusted1

P-trend1,2

LDL Peak Diameter (Å)3

Continuous Model 1.37 (1.17–1.61) 1.39 (1.10–1.74)
Quartile1 (214.6–229.3) 1.98 (1.27–3.10) 2.60 (1.37–4.94)0.005
Quartile2 (229.4–232.5) 1.34 (0.87–2.06) 1.20 (0.67–2.12)
Quartile3 (232.6–234.5) 0.84 (0.52–1.34) 1.05 (0.57–1.96)
Quartile4 (234.6–243.9) 1.00 1.00

HDL Group (nmol/liter)3

Continuous Model 1.40 (1.18–1.67) 1.33 (1.05–1.70)
Quartile1 (1189.2–3497.3) 2.28 (1.40–3.72) 1.98 (1.01–3.86)0.021
Quartile2 (3497.4–4431.9) 2.14 (1.32–3.48) 1.92 (1.02–3.62)
Quartile3 (4432.0–5696.6) 1.68 (1.02–2.75) 1.59 (0.83–3.07)
Quartile4 (5696.7–11 303.8) 1.00 1.00

IDL Group (nmol/liter)3

Continuous Model 1.13 (0.97–1.32) 1.10 (0.89–1.37)
Quartile1 (98.9–303.7) 1.35 (0.88–2.09) 1.42 (0.76–2.63) 0.365
Quartile2 (303.8–376.4) 1.23 (0.79–1.91) 1.09 (0.59–1.99)
Quartile3 (376.5–460.8) 1.10 (0.71–1.71) 1.28 (0.70–2.35)
Quartile4 (460.9–863.7) 1.00 1.00

LDL-Smallest (nmol/liter)4

Continuous Model 1.28 (1.09–1.50) 1.31 (1.04–1.64)
Quartile1 (35.1–78.8) 1.00 1.00 0.020
Quartile2 (78.9–93.9) 0.99 (0.61–1.59) 1.50 (0.78–2.88)
Quartile3 (94.0–116.9) 1.56 (0.99–2.47) 1.99 (1.05–3.75)
Quartile4 (117.0–327.4) 1.93 (1.20–3.12) 2.44 (1.22–4.85)

LDL-Small (nmol/liter)4

Continuous Model 1.22 (1.06–1.41) 1.15 (0.94–1.40)
Quartile1 (14.7–36.5) 1.00 1.00 0.182
Quartile2 (36.6–47.9) 1.17 (0.73–1.87) 1.73 (0.90–3.35)
Quartile3 (48.0–59.6) 1.45 (0.93–2.27) 1.75 (0.94–3.26)
Quartile4 (59.7–365.0) 1.77 (1.11–2.81) 2.61 (1.35–5.03)

LDL-Medium (nmol/liter)4

Continuous Model 1.32 (1.14–1.51) 1.31 (1.07–1.60)
Quartile1 (16.5–51.0) 1.00 1.00 0.009
Quartile2 (51.1–67.5) 0.98 (0.63–1.54) 1.30 (0.70–2.41)
Quartile3 (67.6–87.9) 1.13 (0.72–1.78) 1.48 (0.81–2.70)
Quartile4 (88.0–467.7) 1.59 (1.02–2.49) 1.99 (1.04–3.80)

LDL-Large (nmol/liter)4

Continuous Model 1.26 (1.09–1.47) 1.44 (1.14–1.83)
Quartile1 (66.2–226.0) 1.00 1.00 0.003
Quartile2 (226.1–308.2) 0.84 (0.53–1.33) 0.87 (0.47–1.61)
Quartile3 (308.3–420.5) 1.02 (0.65–1.61) 1.27 (0.69–2.34)
Quartile4 (420.6–1174.5) 1.54 (0.98–2.41) 1.79 (0.93–3.45)

VLDL Group (nmol/liter)4

Continuous Model 1.11 (0.96–1.29) 1.14 (0.93–1.40)
Quartile1 (33.7–100.1) 1.00 1.00 0.219
Quartile2 (100.2–123.9) 1.50 (0.96–2.33) 1.84 (0.98–3.47)
Quartile3 (124.0–153.2) 1.29 (0.82–2.02) 1.49 (0.79–2.83)
Quartile4 (153.3–308.3) 1.52 (0.98–2.37) 1.52 (0.83–2.78)

Data are Odds Ratio (95% Confidence Interval). 1Adjusted for race/ethnicity, pre-pregnancy BMI, family history of diabetes, alcohol use at time of
the MHC examination (one or more vs. less than one drink/day), HOMA-IR, time since last food ingestion, and weight change from MHC exam to
pregnancy. 2 P-value from a continuous linear model. 3-1 SD 4 �1 SD
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ticle size; at the time of the MHC only total cholesterol was
measured (35). This meant that we were also unable to
assess the atherogenic lipoprotein phenotype, which is
characterized by elevated triglycerides and LDL, and low
HDL levels (7). In addition, we lacked information on diet
and physical activity at the baseline examination and the
subsequent pregnancy and these factors may impact LDL
particle size and subfraction concentrations. Additionally,
there may be other confounders that we did not measure
and control for that may have resulted in bias of our point
and interval estimates of association. Therefore, we were
unable to determine whether the impact of smaller LDL
particle size was independent of lifestyle on GDM risk in
this study.

In conclusion, a lipoprotein profile including smaller
LDL peak particle diameter, lower HDL levels and higher
levels of small, dense LDL, determined on average 7 years
before pregnancy, is associated with increased likelihood
for developing GDM. While a causal mechanism for this
association remains to be identified, our findings are con-
sistent with the possibility that improving the cardiometa-
blic risk profile in women of reproductive age may reduce
the risk of GDM. LDL size and subfraction measurements
in reproductive-aged women may be helpful to identify
those at risk of GDM to target for early treatment and
prevention efforts. Future studies designed to assess the
sensitivity and specificity of LDL subfractions in predict-
ing GDM will be valuable to help further assess the clinical
utility of these biomarkers.
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