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Abstract
BACKGROUND—Recent data suggest that highly elevated HDL-C may not always protect
against cardiovascular disease. To what degree this is true in type 1 diabetes is unknown, although
cardiovascular risk is increased despite elevated mean HDL-C.

OBJECTIVE—To reassess the association between HDL-C and its subfractions with coronary
artery disease (CAD) in childhood-onset type 1 diabetes.

METHODS—Epidemiology of Diabetes Complications study participants free of CAD at
baseline (301 men, 298 women; mean age, 27.1 and diabetes duration, 18.9 years) were studied.
CAD was defined as angina, ischemic ECG changes, confirmed MI, angiographic stenosis ≥50%,
revascularization, or CAD death. Cholesterol in the HDL fraction and HDL3 cholesterol
subfraction was measured enzymatically after precipitation with heparin/manganese and dextran
sulphate, respectively.

RESULTS—During 18 years of follow-up, 29.5% of men and 25.5% of women developed CAD.
While a linear decrease in incidence was observed with increasing HDL-C concentration in men,
incidence increased in women below 47 mg/dL and above 80 mg/dL. These patterns largely
reflected the HDL3 cholesterol-CAD association. After multivariable adjustment, the linear,
inverse, HDL-C-CAD association persisted in men (HR=0.97, 95% CI=0.94–0.99); in women, the
U-shaped relationship lost significance. HDL3 cholesterol remained multivariably associated with
CAD in both men (linear association, p=0.03) and women (HR=2.31 (95% CI=1.31–4.08) and
HR=1.80 (95% CI=1.01–3.23) for the lowest and highest versus the middle quintiles,
respectively).

CONCLUSION—The increased CAD risk in women for an HDL-C >80 mg/dL in type 1 diabetes
merits further study. Gender specificity could not be determined as only two men had HDL-C >80
mg/dL.
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Introduction
Though both the atherogenicity of apolipoprotein B containing lipoproteins, as well as, the
atheroprotection conferred by higher high density lipoprotein cholesterol (HDL-C)
concentrations is well established, the lipoprotein-cardiovascular disease association
remains, in some regards, puzzling to date. Thus, whether or not raising HDL-C
pharmacologically is of benefit in terms of reducing risk, is still unclear. Indeed, achieving
higher plasma HDL-C concentrations via blockage of the cholesteryl ester transfer protein
resulted in an increased (not decreased) risk of all cause mortality and cardiovascular
morbidity in the ILLUMINATE trial (1) and failed to slow atherosclerosis progression in
another two clinical trials (2, 3). Later reports suggested that the pharmacologic agent used
to increase HDL-C levels, torcetrapib, may have had off-target toxicity, raising blood
pressure and inducing increases in plasma sodium and decreases in potassium levels (4, 5).
However, a subsequent meta-regression analysis of randomized controlled trials testing lipid
modifying interventions also concluded that increasing circulating HDL-C does not reduce
coronary heart disease morbidity or mortality (6). Moreover, independent reports from the
IDEAL trial, comparing the efficacy of high to moderate dose statin regimen for the
secondary prevention of cardiovascular disease, and two prospective cohort studies, the
EPIC-Norfolk (7) and Regress (8), both of which did not include pharmacologic
interventions, recently showed that highly elevated HDL-C concentrations do not protect
against cardiovascular disease. Rather, an increased risk was suggested in the IDEAL and
EPIC-Norfolk cohorts at the higher end of the HDL-C and HDL particle size distributions
after adjustment for apolipoproteins A1 and B (7).

These contradictory findings concerning HDL-C likely reflect the concept that the
functionality of the HDL fraction may be more important than its cholesterol content.
Interestingly, the hypothesis of dysfunctional HDL-C in terms of its most critical activity,
reverse cholesterol transport, has long been proposed in type 1 diabetes (9), in which HDL-
C is generally increased, as is cardiovascular risk, yet an inverse association between HDL-
C and cardiovascular disease incidence still remains (10–15). Furthermore, we have
previously shown in a case-control study that different HDL subfractions by nuclear
magnetic resonance (NMR) spectroscopy relate to coronary artery disease (CAD) incidence
differently (i.e., large HDL particle concentration decreased CAD risk whereas medium
HDL mass was an independent positive predictor of CAD incidence) (16). Given these
observations, we aimed to reassess the prospective relationship between plasma levels of
HDL-C, its subfractions (HDL2 and HDL3) and apolipoproteins A1 (Apo A-I) and B
(ApoB) in more detail, with the incidence of CAD in our cohort of individuals with
childhood onset type 1 diabetes given the greater power afforded by 18 years of follow-up,
with a particular focus on those at the highest end of the HDL-C range.

Methods
Participants from the Pittsburgh Epidemiology of Diabetes Complications (EDC) study who
were free of CAD at study initiation were selected for study (n=599). The EDC is a
historical cohort study based on incident cases of childhood onset (<17 years) type 1
diabetes, diagnosed or seen within one year of diagnosis (1950–80) at Children’s Hospital of
Pittsburgh (17). The cohort has been shown to be epidemiologically representative of the
Allegheny County, Pennsylvania, type 1 diabetes population (18). The first clinical
assessment for the EDC study was between 1986 and 1988, when the mean participant age
and diabetes duration were 28 and 19 years, respectively. Subsequently, biennial
examinations were conducted for 10 years, with a further examination at 18 years. The
University of Pittsburgh IRB approved the study protocol.
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Prior to each clinic visit, participants were sent questionnaires concerning demographic,
health and diabetes self-care, and medical history information. Blood pressure was measured
with a random zero sphygmomanometer, after a five minute rest (19) and hypertension was
defined as ≥140/90 mmHg or use of antihypertensive medication. Stable glycosylated
hemoglobin (HbA1) was measured by ion exchange chromatography (Isolab, Akron, OH)
and subsequently by automated high-performance liquid chromatography (Diamat, BioRad,
Hercules, CA). The two assays were highly correlated (r=0.95).

High density lipoprotein cholesterol (HDL-C) was determined enzymatically after
precipitation with heparin and manganese chloride, with a modification (20) of the Lipid
Research Clinics method (21). The concentration of HDL3 was measured after precipitation
of HDL2 by dextran sulfate (22). Cholesterol and triglycerides were measured enzymatically
(23, 24). Non-HDL cholesterol was calculated as total minus HDL cholesterol.
Apolipoproteins A1 (Apo A-I) and B (Apo B) were determined via immunoelectrophoresis
(25), whereas apolipoprotein A-II (Apo A-II) was determined by an enzyme-linked
immunosorbent assay methodology (26).

White blood cell count was obtained using a counter S-plus IV and fibrinogen using a biuret
colorimetric procedure and a clotting method. Urinary albumin was measured by
immunonephelometry (27) and creatinine was assayed by an Ectachem 400 Analyzer
(Eastman Kodak Co., Rochester, NY). All assays were conducted at baseline and thus,
prolonged storage would not have affected measurements performed in this study.

CAD was determined by EDC study physician diagnosed angina, myocardial infarction
confirmed by Q-waves on electrocardiogram (Minnesota codes 1.1 or 1.2) or hospital
records, angiographic stenosis >50 percent, coronary artery bypass surgery, angioplasty,
ischemic electrocardiogram changes (Minnesota codes 1.3, 4.1–4.3, 5.1–5.3, 7.1), or CAD
death.

Statistical analysis
Univariate associations were determined using the student’s t-test or Wilcoxon 2-sample test
for continuous variables and the χ2 or Fisher’s exact test, as appropriate, for categorical
variables. To evaluate differences in baseline risk factors by HDL cholesterol category,
general linear regression models were run and Bonferroni adjustment for multiple
comparisons was conducted. Cox proportional hazards models with backward elimination
were constructed to assess the multivariable association between HDL-C or its subfractions
and the incidence of CAD adjusting for traditional risk factors and univariately significant
variables. Survival time was defined as the time in years from study entry to either an
incident event or censorship during the 18-year follow-up. Non-normally distributed
variables were logarithmically transformed for entry into multivariable models. Statistical
analyses were conducted using Statistical Analysis Software (SAS) version 9.1 (SAS
Institute, Cary, NC).

Results
During 18 years of follow-up, 29.6% of 301 men and 25.5% of 298 women had an incident
CAD event. Higher levels of HDL cholesterol (HDL-C), HDL2 and HDL3 cholesterol were
observed among female participants compared to their male counterparts (all p-values
<0.0001). Descriptive characteristics of participants at study entry by gender and subsequent
CAD status are shown in Table 1. Among both men and women, those who developed a
CAD event were more likely to be older, with a longer duration of type 1 diabetes, larger
waist to hip ratios, and elevated blood pressure, Apo B, non-HDL cholesterol, AER, white
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blood cell count and fibrinogen levels. Incident cases were also more likely to have reported
smoking, use of blood pressure and ACE/ARB medications, and a lower dose of insulin per
kilogram body weight. BMI and serum creatinine were increased in subsequent cases only
among men, whereas pulse was elevated among women who developed a CAD event
compared to controls. Although both HDL-C and HDL3 cholesterol were decreased among
cases, these differences were only significant among men. HDL2 cholesterol was not related
to CAD in either gender.

Figure 1 depicts the 18 year incidence of CAD events by unit based cut off points of HDL-C
at study entry for men and women. Interestingly, although a linear decrease in incidence was
observed among men with increasing concentrations of HDL-C (χ2 p=0.05, p-trend=0.001),
among women, incidence increased at both the lower (below 50 mg/dL) and the upper
(above 80 mg/dL) ends of the HDL-C distribution (p=0.13, p-trend=0.11) with little gradient
between 50 and 80 mg/dL. Despite the considerably reduced number of events, similar
results were obtained for the incidence of MI or CAD death (Supplemental Figure 1). These
patterns largely reflected the HDL3 cholesterol association with CAD incidence (p=0.02, p-
trend=0.002 and p=0.04, p-trend=0.26 for men and women, respectively, Figure 2). Indeed,
the proportion of incident events was similar across quintiles of HDL2 cholesterol (p=0.13,
p-trend=0.32 and p=0.71, p-trend=0.26 for men and women, respectively, Figure 3). In
evaluating baseline risk factors by unit based cut off points for HDL cholesterol in men and
women, no potential confounders were identified that could explain the increased risk
observed among women with HDL-C≥80 mg/dL (Supplemental Tables 1 (men) and 2
(women) show these results). In men, as HDL cholesterol increased, significant decreasing
trends were observed for BMI, waist to hip ratio, systolic and diastolic blood pressure, non-
HDL cholesterol, serum creatinine, AER and white blood cell count, whereas significant
increasing trends were seen for HDL2, HDL3 and Apo A-I. Similar associations were
observed in women with the exception of no difference in blood pressure levels by HDL-C
category and a significant decreasing trend in Apo B. The type of first CAD event by gender
and HDL-C category is shown in Supplemental Table 3. It should be noted here, however,
that decisions concerning cardiac procedures were driven by the individual’s health care
provider, not the study investigators.

The linear, inverse, association between HDL-C and CAD in men persisted after allowing
for Apo A-I and B (or, in alternative models, LDL-C and triglycerides), diabetes duration,
waist to hip ratio, smoking status, HbA1c, hypertension, AER and white blood cell count in
Cox proportional hazard models with backward elimination (HR=0.97, 95% CI=0.95–0.99).
Although Apo A-I and B were not selected for inclusion into the final model, forcing them
in did not alter the effect of HDL-C (HR=0.97, 95% CI=0.94–0.99). To test the presence of
a non-linear, i.e. U-shaped, association among women, a quadratic term of HDL-C was
included in the models. Indeed, the quadratic association remained significant after
adjustment for Apo A-I and Apo B (p=0.03), although further adjustments rendered the
quadratic term insignificant. For HDL3, however, there was a linear independent association
in men (HR=0.97, 95% CI=0.94–0.997, p=0.03), whereas in women, a U-shaped association
again emerged and remained borderline significant after full multivariable adjustment
(p=0.06). As an increased incidence of CAD was observed in the lowest two quintiles in
men and the lowest and highest quintiles in women (Figure 2), multivariable Cox
proportional hazard models were also constructed, using categories of HDL3 as suggested in
the descriptive graphs (Table 2). Indeed, CAD risk was increased with HDL3 concentrations
below 35.8 mg/dL in men and below 34.8 mg/dL in women, although among the latter an
increased risk was also observed above 46.7 mg/dL.
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Discussion
Individuals with type 1 diabetes exhibit a markedly increased risk for cardiovascular disease
compared to the general population, notwithstanding generally normal lipid concentrations
and frequently elevated mean HDL-C levels (30). Nonetheless, the inverse association with
cardiovascular disease risk observed in epidemiologic studies of the general population is
confirmed in diabetes, including in our study population (10–15). However, previous reports
have not generally evaluated the very high end of the HDL-C distribution or the impact of
gender. The present analyses strongly suggest that although a smooth linear inverse
association between HDL-C and CAD incidence exists in men, in women this simple pattern
is disturbed, with apparent increases in risk below an HDL-C of 50 mg/dL as well as above
80 mg/dL and with little gradient in between (Figure 1). We therefore suggest that this
gender specific HDL-C-CAD risk difference may play a significant role in the relatively
greater impact of type 1 diabetes to cardiovascular disease risk in women. The small number
of men with an HDL-C above 80 mg/dL (n=2) precludes defining this effect in men. While
it could be argued that it might be more appropriate for equivalency to use a lower cut-off
point for the high HDL-C group in men, there is no suggestion from Figures 1 and 2 of any
increased risk in men at lower cut-off points for either HDL-C or HDL3, suggesting that the
absolute rather than specific level is the critical determinant. As also pointed out by van der
Steeg et al. (7), the increased risk associated with highly elevated HDL-C would be missed
by the mere assessment of the association between HDL-C as a continuous variable, or even
as quintiles (Supplemental Figure 2), with incident cardiovascular events. Our findings
further indicate that the total HDL-C – CAD patterns are mainly reflective of the
relationship between the HDL3 subfraction, the “precursor” of HDL2 in conventional
understanding, for HDL2 showed no association with CAD. Which subfraction, HDL2 or
HDL3, is the key cardioprotective subfraction is controversial, although most suggest
HDL2.

HDL particles are extremely heterogeneous in size, shape, density and properties, much of
the controversy, and confusion, in this area results from the multitude of different
methodologies to quantify the subclasses of lipoproteins, which include electrophoresis,
ultracentrifugation, precipitation and nuclear magnetic resonance spectroscopy. It is
generally thought that the formation of HDL begins when discoidal, lipid poor, Apo A-I
acquires cholesterol and phospholipids through its interaction with the ATP-binding cassette
A1 (ABCA1), forming pre-β1 HDL particles. These particles progressively accumulate
more cholesterol, which gets esterified by the enzyme lecithin-cholesterol acyltransferase
(LCAT) and transferred to the core of the particle, forming larger, spherical, α-mobility
HDL particles. The latter may be cleared by the hepatic scavenger receptor. Alternatively,
cholesteryl esters can be transferred to VLDL/LDL for catabolism through the enzyme
CETP in exchange for triglycerides, rendering triglyceride-rich particles susceptible to
catabolism by various lipases yielding smaller, delipidated particles which could
conceivably repeat the metabolic cycle. It thus seems likely that simply measuring the
cholesterol content of the HDL fraction will at best only provide a very crude reflection of
this sequence of events, as will the arbitrary division of HDL-C into HDL3 and HDL2
cholesterol (or any other subfractionation). Furthermore, the HDL2/HDL3 separation
technique used in our study, though standard at the time, is now little used. Our past and
current methodologies are thus poorly predictive of the efficiency of the reverse cholesterol
transport and other functions of HDL.

Nevertheless, it is clear that the relationship between HDL-C and CAD in the current study
paralleled the association between the smaller, denser HDL3 particles and CAD incidence
whereas no relationship was observed with the larger, less dense, HDL2 subclass.
Interestingly, using non-denaturing two-dimensional electrophoresis, Asztalos and Schaefer
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(28) also showed deficiencies in the α1 and pre-α1–3 HDL subspecies but elevations in the α3
HDL subspecies among individuals with CAD compared to normal controls, suggesting a
disturbance in the progressive increase of HDL particle size in those with CAD. However,
this report only included differences in the mean HDL-C concentration between CAD cases
and controls, and therefore, it is not possible to evaluate differences over the whole range of
the HDL-C distribution. In contrast to these findings, the EPIC-Norfolk study noted that
HDL particle size was directly related to the incidence of major coronary events (7).
Unfortunately, information on particle size and NMR spectroscopy subfractions is currently
only available for a small number of participants selected for a nested, within the EDC, case-
control study, measured at the earliest examination prior to an incident event among cases.
Nevertheless, this case-control analysis showed that while large HDL particle concentration
(by NMR spectroscopy) decreased CAD risk, medium HDL mass (along with total VLDL
particle concentration) were also independent positive predictors of CAD incidence (16).
Overall, these findings are therefore consistent with the hypothesis of a disturbed natural
progression of HDL particle size change with a “hold up” at a key point, leading to an
increase at that size (medium HDL by NMR, or HDL3 by electrophoresis) and a deficiency
thereafter. The picture is further complicated by the potential for additional alterations in
HDL size distribution during the progressive reductions of HDL size by passage of
cholesterol ester to the scavenger receptor in the liver and hydrolysis of the triglyceride
component.

Though reverse cholesterol transport, i.e. the HDL-C-mediated transfer of cholesterol from
peripheral tissues to the liver for excretion, is the key pathway by which HDL-C reduces
atherogenesis (31), measuring it clinically is still not currently feasible. We thus cannot
confirm that it is decreased at very high concentrations of HDL-C (or with increased the
HDL3 fraction), but such studies would be of great interest. Other potential protective
mechanisms that may become defective, and thus worthy of exploration in individuals with
very high HDL-C concentrations include its antioxidant, anti-inflammatory and anti-
thrombotic properties, as well as endothelial properties (32, 33).

A limitation of the present analyses is the sample size after categorization of study
participants by concentration of HDL-C or HDL3, which highlights the necessity of
validating these results in other type 1 diabetes populations. Another shortcoming of this
assessment is the lack of information on NMR spectroscopy lipoprotein subfractions on all
study participants, which would allow for a broader evaluation of lipoprotein subspecies,
their particle size and concentration. A third limitation is the inadequate number of male
participants with very high HDL-C concentrations, prohibiting risk assessment in such a
group. Finally, as the EDC study does not include non-diabetic participants, we cannot
determine whether our observations reflect a specific diabetes effect or are a more general
phenomenon. Given the disordered HDL-C metabolism seen in type 1 diabetes, however, we
suspect that this effect is likely to be at least exacerbated by the presence of type 1 diabetes.

Conclusion
In conclusion, among individuals with long-standing type 1 diabetes, highly elevated (above
80 mg/dL) HDL-C was associated with increased CAD risk. This association largely
reflected the relationship between the smaller, denser HDL3 particles and incident events
and was not observed in men, for whom the sample size above 80 mg/dL was inadequate for
study. Subsequent studies should address the gender specificity of this association as well as
potential biological mechanisms.

Costacou et al. Page 6

J Clin Lipidol. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

Apo A-I Apolipoprotein A-I

Apo A-II apolipoprotein A-II

Apo B apolipoprotein B

ABCA1 ATP-binding cassette A1

CAD coronary artery disease

HDL-C high density lipoprotein cholesterol

HbA1 glycosylated hemoglobin

LCAT lecithin-cholesterol acyltransferase

LDL-C low density lipoprotein cholesterol

NMR nuclear magnetic resonance

EDC Epidemiology of Diabetes Complications

VLDL very low density lipoprotein
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Figure 1.
Incident CAD events by baseline concentration of HDL cholesterol (mg/dL) in male and
female participants of the EDC study
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Figure 2.
Incident CAD events by baseline quintiles of HDL3 (mg/dL) in male and female participants
of the EDC study
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Figure 3.
Incident CAD events by baseline quintiles of HDLc2 (mg/dL) in male and female
participants of the EDC study
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