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Summary 
 
A predominance of small, dense low-density lipoproteins (LDL) is characteristic of the dyslipidemic state seen in type 2 
diabetes. However, no study has investigated the association in gestational diabetes mellitus (GDM), which is 
pathophysiologically similar to type 2 diabetes. We hypothesized that LDL particle size is reduced in GDM cases 
compared with controls. Gradient gel electrophoresis was used to characterize LDL subclass phenotypes in non-fasting 
intrapartum plasma from 105 GDM cases and 96 controls. All participants were free of pre-existing diabetes or 
hypertension. The authors used logistic regression to estimate odds ratios (OR) and 95 % confidence intervals (CI) 
adjusted for confounders. Women with this phenotype had a significant 4.9-fold (95 % CI: 1.1-23.2) increased risk of 
GDM compared with those with the large, buoyant phenotype. The magnitude of this association was attenuated when 
plasma triglyceride and other confounders were included in the model (OR=4.2, 95 % CI: 0.5-39.5). Mean LDL particle 
size in GDM cases was smaller compared with controls (270.1 vs. 272.7Å, p=0.003). The OR of GDM risk was 1.8 
(95 % CI: 0.9-3.3) for every 10-Å reduction in LDL particle size. Large prospective studies are needed to evaluate the 
association between smaller LDL particle size in early pregnancy with subsequent GDM risk. 
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Introduction 
 
 Gestational diabetes mellitus (GDM), defined as 
carbohydrate intolerance first recognized during 
pregnancy, continues to be a common medical 
complication of pregnancy in the United States and 
worldwide. The disorder is associated with a high 
frequency of maternal and fetal morbidity (American 

Diabetes Association 1999). Women with a history of 
GDM are more likely to develop type 2 diabetes and 
cardiovascular diseases after pregnancy as compared with 
their counterparts who remained normoglycemic during 
pregnancy (O’Sullivan 1984). For instance, the 
cumulative incidence of type 2 diabetes later in life has 
been reported to range from 22 to 60 % (O’Sullivan 1984, 
Coustan et al. 1993, Damm 1998) among women with a 
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prior history of GDM.  
 The etiology of GDM has been shown to involve 
an exaggerated insulin resistance that entails several steps 
of intracellular insulin signal generation and propagation 
(Ben-Haroush et al. 2004). Although the mechanisms 
underlying these processes have not been fully described, 
both clinical and epidemiological studies illustrate an 
aggregation of risk factors suggesting a multifactorial 
process involving both environmental and genetic factors. 
Notably, some investigators attributed the increased risk 
of developing type 2 diabetes mellitus and hypertension 
in women with history of GDM to their dyslipidemic 
profiles (Enquobahrie et al. 2005, Lauenborg et al. 2005, 
AbouGhalia et al. 2003). 
 Low-density lipoprotein (LDL) particles are the 
major carriers of plasma cholesterol in humans. LDL 
exhibits substantial heterogeneity based on measures of 
size, density, and chemical composition. Krauss and 
Burke (1982), with the use of analytical procedures such 
as gradient gel electrophoresis and density gradient 
ultracentrifugation, identified many distinct subclasses of 
LDL in plasma samples from healthy humans. Austin et 
al. (1988) subsequently categorized LDL particles into 
two major distinct phenotypes denoted as A and B. LDL 
subclass phenotype A is characterized by the 
predominance of large, buoyant LDL particles (major 
LDL subclass peak between 260 Å and 280 Å); and 
subclass phenotype B is characterized by predominance 
of small, dense LDL particles (major LDL subclass peak 
between 240 Å and 255 Å). Subjects with subclass 
phenotype B tend to have atherogenic lipoprotein 
profiles, including higher plasma triglycerides, very low-
density lipoprotein (VLDL), and apoprotein B 
concentrations, and lower concentrations of apoprotein 
AI and high-density lipoprotein (HDL) (Austin 2000, 
Friedlander et al. 2000, Selby et al. 1993). 
Hypertriglyceridemia, low high-density lipoprotein 
cholesterol (HDL), and an increased fraction of small, 
dense LDL particles are frequent lipoprotein 
abnormalities noted in subjects with insulin resistance 
and type 2 diabetes mellitus (Selby et al. 1993, Austin et 
al. 1995, Syvanne and Taskinen 1997, Goff et al. 2005).  
 We are not aware of published reports 
concerning the risk of GDM in relation to maternal 
plasma LDL particle size. We therefore conducted the 
present study to address this gap in knowledge. Our 
a priori hypothesis was that the risk of GDM is increased 
with smaller maternal plasma LDL particle size. 
 

Methods 
 
 Subjects for this analysis were recruited between 
April 1998 and June 2002 as part of a case-control study 
primarily designed to study the epidemiology of 
preeclampsia and gestational diabetes mellitus. The 
design of the study has been previously described 
(Sorensen et al. 2003). During the enrollment period, we 
identified women with GDM meeting the then-current 
diagnostic criteria described by the National Diabetes 
Data Group (NDDG) (Expert Committee 1997). Women 
were classified as having GDM if two or more of the 
following plasma glucose concentrations obtained during 
the 100 gram 3-hour OGTT test were abnormal: fasting  
≥ 105 mg/dl; 1-hour ≥ 190 mg/dl; 2-hour ≥ 165 mg/dl;  
3-hour ≥ 145 mg/dl. Of the 288 eligible GDM cases 
identified, 233 (81 %) elected to provide written informed 
consent and to participate in this study. From the 233 
women meeting the NDDG GDM definition, we 
randomly selected 110 subjects for the present study. 
 For the overall study, controls were women who 
remained normotensive and who did not meet the NDDG 
criteria for GDM. Among 750 eligible controls invited to 
participate, 50 % agreed to provide written informed 
consent. Reasons for non-participation included not 
having time for the interview, having no interest in the 
goals of the study, and missed appointments. From the 
375 available controls, we randomly selected 
100 subjects to serve as controls in the current analysis. 
All selected cases and controls were normotensive and 
non-diabetic prior to the index pregnancy. Power and 
sample size calculations indicated that we had 
approximately 80 % power to detect a 2.5-fold increased 
risk of GDM (p=0.05, two-tailed) associated with 
carriage of LDL subclass phenotype B using an estimated 
5 % prevalence of GDM and average 20 %. frequency of 
this phenotype. Previously reported frequencies range 
from 15 to 34 % in non-Hispanic Whites (Selby et al. 
1993). 
 During participants’ postpartum hospital stay, 
trained interviewers administered a structured interview 
questionnaire to collect information on maternal 
sociodemographic, medical, reproductive and lifestyle 
characteristics. Participants were also asked to report 
their attained height and their weight three months prior 
to the index pregnancy. Pre-pregnancy body mass index 
(BMI), used as a measure of overall maternal adiposity, 
was calculated as weight (in kilograms) divided by height 
(in meters) squared. Maternal and infant medical records 
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were reviewed to collect detailed obstetrical and prenatal 
information. 
 Maternal non-fasting blood samples, collected in 
EDTA 10 ml Vacutainer tubes during the intrapartum 
period, were protected from ultraviolet light, kept on wet 
ice and processed within 30 min of phlebotomy. Plasma 
decanted into cryovials was preserved with 
metaphosphoric acid/dithiothreitol solution and frozen at 
–70 °C until analysis. Blood samples were available for 
105 cases and 96 controls for current analyses. Blood 
samples were also assayed for LDL cholesterol, HDL 
cholesterol, plasma triglycerides, and total cholesterol 

employing assays standardized by the Lipid 
Standardization Program of the Centers for Disease 
Control and Prevention, Atlanta, GA. The intra- and 
inter-assay coefficients of variation for the assay used 
were all bellow 10 %. All assays were performed without 
knowledge of pregnancy outcome. 
 Gradient gel electrophoresis was used to 
determine LDL phenotypes and LDL particle size. The 
procedures used have been described elsewhere (Austin 
et al. 1988). Briefly, 2-14 % polyacrylamide gels were 
produced, and electrophoresis procedures were applied by 
using plasma samples. A set of high-molecular-weight 

 
 
Table 1. Distribution of gestational diabetes mellitus (GDM) cases and controls according to maternal selected characteristics, Seattle 
and Tacoma, Washington, USA, 1998-2002. 
 

Characteristics GDM cases (n=105) Control subjects (n=96) P value 
 n % n %  

Maternal age (years)      
 <35 57 54.3 66 68.7 0.11 
 ≥35 42 40.0 26 27.1  
 Missing  6  5.7  4  4.2  
Maternal Age (years) * 33.1±0.6  31.7±0.5  0.08 
      
Maternal race/ethnicity      
 Non-Hispanic White 66 62.8 67 69.8 0.77 
 African American  9  8.6  6  6.3  
 Other 23 21.9 18 18.8  
 Missing  7  6.7  5  2.1  
      
Not married 15 14.3 12 12.5 0.81 
<12 year education 21 20.0  7  7.3 0.03 
Nulliparous 43 41.0 48 50.0 0.42 
Smoked during pregnancy 23 21.9 18 18.8 0.75 
Family history of diabetes 28 26.7 13 13.5 0.05 
Physically inactivity during pregnancy 50 47.6 34 35.4 0.15 
      
Pre-pregnancy BMI (kg/m2)      
 <25 31 29.5 70 72.9 <0.001 
 ≥25 67 63.8 21 21.9  
 Missing  7  6.7  5  5.2  
Pre-pregnancy BMI (kg/m2) * 29.5±0.7  22.8±0.4  <0.001 
      
Time since last meal (hours) 2.2±0.3  2.4±0.4  0.75 
Gestational age at delivery (weeks) * 37.7±0.3  39.2±0.1  <0.01 

 
BMI: body mass index = weight/(height2), * Mean ± standard error. 
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Table 2. Maternal plasma lipid and lipoprotein according to gestational diabetes mellitus (GDM) case-control status in pregnant women, 
Seattle, Washington, USA 1998-2002. 
 

Measurement (mg/dl) GDM cases 
(n=105) 

Control subjects 
(n=96) 

P value* 

Total cholesterol 182.3 ± 4.2 192.4 ± 4.1  0.09 
Low-density lipoprotein cholesterol   87.8 ± 3.3   99.3 ± 3.3  0.01 
High-density lipoprotein cholesterol   49.4 ± 1.4   56.3 ± 1.3  <0.001 
Triglycerides 223.2 ± 8.7 178.2 ± 6.5  <0.001 

 
Data are means ± S.E.M. * P value from Student’s t test 
 
 
Table 3. Odds ratios (OR) and 95 %. confidence intervals (CI) of gestational diabetes mellitus (GDM) according to low-density 
lipoprotein (LDL) phenotype and particle size, Seattle, Washington, USA 1998-2002. 
 

LDL particle size GDM Cases 
(n = 105) 

Control Subjects 
(n = 96) 

Unadjusted 
OR (95 % CI) 

Adjusted 
1OR (95 % CI) 

LDL Phenotype     
 Phenotype A 95 94 1.0 (referent) 1.0 (referent) 
 Phenotype B 10 2 4.9 (1.1-23.2) 4.2 (0.5-39.5) 
     
LDL particle size 
(Mean ± SE) (Å) 

270.1 ± 0.6 272.7 ± 0.6 2.1 (1.3-3.4) 
for every 10 units 

decrease 

1.8 (0.9-3.3) 
for every 10 units 

decrease 
 
1OR and 95 %. CI adjusted for maternal age at pregnancy (categorical), nulliparity, family history of diabetes mellitus, gestational age 
at delivery and pre-pregnancy body mass index (categorical) as well as maternal plasma triglyceride concentrations. 
 
 
standards was also run on each gel and was used to 
construct a quadratic calibration curve for estimating the 
diameter of LDL particle. In addition, two quality control 
samples with well-characterized LDL subclass 
phenotypes were run on each gel. Two gels were run on 
each sample by using whole plasma, and investigators 
were blinded to the case-control status of the study 
subject. The scan data for each sample lane on the gel 
were used to classify the LDL subclass phenotype on the 
basis of blinded evaluations by three reviewers and to 
estimate the diameter of the major LDL subclass (LDL 
particle size). More specifically, LDL subclass phenotype 
A is characterized by a predominance of large, buoyant 
LDL particles with a peak diameter of generally >260 Å. 
In contrast, LDL subclass phenotype B is characterized 
by a predominance of small, dense LDL particles with a 
peak diameter of ≤255 Å. Phenotype I (Intermediate) is 
defined as major peak between 255 Å and 260 Å. For 
statistical analyses requiring a dichotomous variable, 
subclass phenotype I subjects were grouped with subjects 
with subclass phenotype B. LDL particle size was defined 

as the estimated diameter of the major LDL subclass from 
the gels and was used as a continuous variable in the 
analyses. 
 Analyses were performed with LDL subclass 
phenotypes and LDL particle size as the exposures of 
interest. Student’s t tests for independent samples were 
used to compare mean lipid concentrations and LDL 
particle size between cases and controls. We employed 
logistic regression procedure (Rothman and Greenland 
1998) to estimate the odds ratios (ORs) and 95 % 
confidence intervals (CIs) of the relative risk of GDM 
associated with both LDL subclass phenotype and mean 
LDL particle size measured in 10-Å increment. 
Multivariate analyses were initially performed with 
adjustment for maternal age at pregnancy, nulliparity, 
family history of diabetes mellitus, pre-pregnancy BMI 
and gestational age at delivery as well as maternal plasma 
triglyceride concentrations, specially. In the case of 
hypertriglyceridemia, facilitated transfer of triglycerides 
into LDL might occur and the subsequent hydrolysis of 
triglycerides by hepatic lipase may give rise to smaller 
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and denser LDL particles (Deckelbaum et al. 1984). 
 The procedures used in this study were in 
agreement with the protocols approved by the 
Institutional Review Boards of Swedish Medical Center 
and Tacoma General Hospital, respectively. All 
participants provided written informed consent. 
 
Results 
  
 Compared with controls, GDM cases tended to 
be older and heavier (Table 1). Cases and controls did not 
differ with regard to smoking status and race/ethnicity. A 
higher proportion of cases than controls completed fewer 
than 12 years of education. Compared with controls, 
cases were also more likely to have a family history of 
diabetes. Table 2 shows the unadjusted mean lipid 
concentrations for cases and controls. Cases had 
significantly higher plasma triglyceride and lower HDL 
cholesterol concentration (all p<0.001) compared with 
controls. 
 Although the proportion of women with the 
small, dense LDL (subclass phenotype B) was relatively 
low in this population (2.1 % in controls and 10.5 % in 
cases); the proportion of cases with subclass phenotype B 
was significantly greater than the proportion of controls 
(p=0.04). Subclass phenotype B was associated with a 
significant 4.9-fold (95 % CI: 1.1-23.2) increased risk of 
GDM in univariate analyses. The odds ratio was 
attenuated somewhat, and became statistically 
insignificant, when we adjusted for maternal age, 
nulliparity, family history of diabetes, pre-pregnancy 
BMI, gestational age at delivery, and triglyceride 

concentration (adjusted OR=4.2, 95 % CI: 0.5-39.5) 
(Table 3).  
 Frequency distributions of LDL particle size for 
cases and controls are presented in Figure 1. Mean LDL 
particle size was significantly lower in cases than in 
controls (270.1±0.6 vs. 272.7±0.6 Å, respectively, 
p=0.003). Every 10-Å reduction in LDL particle size was 
associated with a 2-fold increased risk of GDM (OR=2.1, 
95 % CI: 1.3-3.4). The association was slightly attenuated 
and became statistically insignificant after adjusting for 
other potential confounders including plasma triglyceride 
concentrations (OR=1.8, 95 % CI: 0.9-3.3). 
 
Discussion 
 
 In this case-control study, we showed that LDL 
subclass phenotype B (predominance of small, dense 
LDL particles) was associated with a 4-fold increased 
risk of GDM. To our knowledge there are no published 
studies concerning the relation between maternal LDL 
particle size and GDM risk. Our findings are generally 
consistent with a relatively large body of literature 
(mostly case-control studies) documenting the association 
of small, dense LDL particle with insulin resistance 
(Friedlander et al. 2000, Selby et al. 1993, Goff et al. 
2005) and type 2 diabetes (Syvanne and Taskinen 1997, 
Austin et al. 1995, Siegel et al. 1996, Gray et al. 1997) in 
non-pregnant individuals. Goff et al. (2005) analyzed 
data from the Insulin Resistance Atherosclerosis Study 
and noted that insulin sensitivity was positively 
associated with LDL size (ρ=0.34, P<0.001). In addition, 
these authors noted that insulin sensitivity was associated 
with triglycerides (ρ=-0.36, P<0.001) and HDL (ρ=0.37, 
P<0.001). Siegel et al. (1996) demonstrated that diabetic 
patients in the Framingham offspring study had lower 
HDL, higher triglycerides, and higher LDL particle 
scores (indicating smaller size) than non-diabetics in both 
sexes. The presence of LDL subclass phenotype B was 
highly associated with diabetes and hypertriglyceridemia 
in both sexes, and the OR remained significant in women 
(OR=2.6, p=0.009) but not in men (OR=1.4, p=0.13) 
after adjustment for age and hypertriglyceridemia. Austin 
et al. (1995) analyzed a prospective nested case-control 
sample of 204 elderly Finland men and women and noted 
that subjects with a predominance of small, dense LDL 
had a greater than twofold increased risk for developing 
type 2 DM over the 3.5-year follow-up period. This 
association was independent of age, sex, glucose 
intolerance, and BMI but was not independent of fasting 
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Fig. 1. Frequency distribution of low-density lipoprotein (LDL) 
particle size among gestational diabetes mellitus (GDM) cases 
and controls, Seattle, Washington, USA 1998-2002. (Mean values 
(standard error) for cases and controls were 270.1±0.6 and 
272.7±0.6 Å, respectively, p=0.003). 
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triglyceride or insulin levels. Furthermore, an increase of 
5 Å in LDL diameter was associated with a 16 % 
decrease in risk of NIDDM; and a composite variable of 
LDL diameter and triglyceride and HDL cholesterol 
concentrations was also associated with NIDDM. These 
associations may be attributable to the role of LDL 
subclass phenotype B as a marker for insulin resistance. 
 As we mentioned, the proportion of women with 
small, dense LDL was low in this study population 
(2.1 % in controls and 10.5 % in cases, respectively). In 
one study including 10 women with uncomplicated 
primiparous pregnancy, non-smoker and no history of 
metabolic disorders, Hubel et al. (1998) showed that LDL 
diameter decreased progressively with advancing 
gestation, evident by 16-20 weeks relative to 5-12 weeks. 
The average diameter decrease from early to late 
gestation was 13 Å. Across gestational age, LDL 
diameter correlated inversely with triglycerides (ρ=-0.61, 
P<0.001). By comparison to the women in Hubel’s study, 
women in the current study were less dyslipidemic at late 
gestation [e.g. total cholesterol: 192.4 mg/dl (current 
study) vs. 296 mg/dl; triglycerides: 178.2 mg/dl (current 
study) vs. 272 mg/dl]. Underlying demographic and 
population differences between the two studies may have 
resulted in difference in the LDL phenotype between the 
two studied populations. 
 Several limitations must be considered when 
interpreting the results of our study. First, given that we 
collected blood samples after GDM was diagnosed, we 
cannot with certainty determine whether the observed 
differences in plasma LDL particle size preceded the 
onset of GDM, or whether the differences may be 
attributed to physiological alterations such as increased 
lipid peroxidation or oxidative stress secondary to the 
disorder. Prospective studies with serial measurements of 
plasma LDL particle size and glycemic control 
throughout pregnancy are required to confirm and expand 
upon our observations. Second, we cannot exclude the 
possibility of selection bias. The control participation rate 
was 50 % and the case participation rate was 81 %. 
However, the characteristics of participating controls 
appeared to be similar to those of all women delivering at 
the study hospitals by state birth certificate data. 
Moreover, it is unlikely that participation was conditional 
on LDL subclass phenotype. Third, variation in lipid 
measurements may have been introduced by aspects of 
the study design. Specifically, women were not asked to 
fast before blood collection. However, women were 
questioned regarding elapsed time since eating at the 

blood collection and adjustment for this variable did not 
change results of our analyses. Fourth, the diagnostic 
criteria for GDM used for our study were changed in 
2002, so that lower plasma glucose concentrations 
obtained during the OGTT test would now be considered 
as the diagnosis cut-point (fasting ≥95 mg/dl; 1-hour 
≥180 mg/dl; 2-hour ≥155 mg/dl; 3-hour ≥140 mg/dl) 
(Expert Committee 2002). If the new, more inclusive 
criteria were used in our study, some women, who were 
classified as controls in these analyses, would have been 
classified as having GDM, which might lead to a 
weakened association. Lastly, maternal pregestational 
diabetes status was based on self-report and confirmed in 
medical records, those women were excluded from the 
analysis. Our study subjects are comprised of well-
educated, upper income women with >95 % reporting to 
have had regular medical examinations within 24 months 
of pregnancy. Thus it is unlikely that a large proportion of 
these women had undiagnosed type 2 diabetics. 
 The association between GDM risk and LDL 
subclass phenotype B is biologically plausible. Haffner 
(1998) and Ferrannini et al. (1992) provided evidence 
that the contributions of compensatory hyperinsulinemia 
and insulin resistance are major causes of dyslipidemia in 
diabetic patients. Biological mechanisms for the observed 
associations are currently unknown. A possible 
explanation is that the small, dense LDL is genetically 
determined and results directly from the remodeling of 
certain VLDL subfractions (Esteve et al. 2004). Another 
possibility might involve facilitated transfer of 
triglycerides into LDL in the case of hypertriglyceridemia 
in diabetic patients (Deckelbaum et al. 1984); the 
subsequent hydrolysis of triglycerides by hepatic lipase 
may give rise to smaller and denser LDL particles. The 
modification of LDL particle may also involve increased 
oxidative stress (Hidaka et al. 2005). Alternatively, small 
dense LDL particles have atherosclerotic potential that 
may exacerbate the risk of developing GDM. For 
instance, investigators have reported that small, dense 
LDL particles increase affinity for the LDL receptor 
(Galeano et al. 1998), susceptibility to oxidation (Tribble 
et al. 2001), vascular permeability and the concentrations 
of fat-laden cells in the vascular media (Aviram and Maor 
1992). 
 In summary, our results suggest that small, dense 
LDL particle is associated with a 4.9-fold increased risk 
of GDM (95 % CI: 1.1-23.2). The association was only 
slightly attenuated when adjustments were made for 
triglyceride, a correlate of LDL particle size, and other 
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confounders (OR=4.2, 95 % CI: 0.5-39.5), although this 
result did not achieve statistical significance. These 
multivariate findings suggest that LDL subclass 
phenotype B may be associated with GDM risk. 
However, larger studies and prospective studies that 
include collection of pre-diagnostic blood samples are 
needed to more precisely measure the independent 
associations of LDL size, hypertriglyceridemia as well as 
other clustered risk factors of insulin resistance and 
impaired insulin secretion in pregnant women. 
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