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Background: Patients with type 2 diabetes (T2DM) typically exhibit a pattern of dyslipidemia with high
triglycerides, low HDL cholesterol, and small LDL particles. We aimed at investigating whether also LDL
cholesterol levels are altered in diabetic patients.
Methods: Lipid panels were obtained in a consecutive series of angiographied coronary patients (n=750),
and in a large sample of hypertensive outpatients (n=5949).
Results: T2DM patients in the cohort of coronary patients (n=164; 21.9%) had significantly higher
triglycerides (203±138 vs. 153±91 mg/dl; pb0.001), lower HDL cholesterol (44±14 vs. 50±14 mg/dl;
pb0.001), lower apolipoprotein A1 (140±28 vs. 148±28 mg/dl; p=0.002), lower total cholesterol (211±
48 vs. 220±42 mg/dl; p=0.006) and, importantly, lower LDL cholesterol (122±38 vs. 134±35 mg/dl;
pb0.001) than non-diabetic subjects. Whereas apolipoprotein B was similar in T2DM patients as in non-
diabetic subjects (113±26 vs. 114±25 mg/dl; p=0.648), the LDL cholesterol/apolipoprotein B ratio was

significantly lower (1.08±0.24 vs. 1.18±0.21; pb0.001) and LDL particles were significantly smaller (257±7
vs. 259±6 Å; pb0.001) in T2DM patients. Also among the hypertensive subjects, diabetic patients
(n=1632; 27.3%) besides higher triglycerides (173±70 vs. 151±65 mg/dl; pb0.001) and lower HDL
cholesterol (53±17 vs. 57±19 mg/dl; pb0.001) exhibited lower total cholesterol (216±44 vs. 222±41 mg/
dl; pb0.001) and lower LDL cholesterol (127±40 vs. 136±37 mg/dl; pb0.001) than non-diabetic subjects.
Conclusions: Both among angiographied coronary patients and hypertensive outpatients, LDL cholesterol is
significantly lower in T2DM patients than in non-diabetic individuals.
© 2009 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Patients with type 2 diabetes (T2DM) are at a two- to threefold
increased risk of cardiovascular disease [1], and cardiovascular disease
is the primary cause of death in these patients [2]. The identification
and treatment of cardiovascular risk factors among diabetic patients
therefore are of paramount importance.

Clinically, T2DM is defined through an elevation of glucose levels [3].
However, also alterations in the lipid profile are characteristic for patients
with T2DM: Typically, these patients have high triglycerides, low HDL
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cholesterol (HDL-C), and a small LDL particle diameter [4]. This pattern of
lipidabnormalities strongly increases the riskof vascularevents indiabetic
patients [5] and is referred to as the atherogenic lipid triad.

Also LDLcholesterol (LDL-C) is an important risk factor inpatientswith
T2DM [6]. Statin treatment (which primarily decreases LDL) significantly
reduces vascular events by about 20% in diabetic patients, in particular in
the very high-risk subgroup of diabetic patients with coronary artery
disease [7]. Still, themajority of vascular events are not prevented through
statin treatment inpatientswith T2DM.Whatsoever, LDL-C is the primary
target for lipid intervention in current guidelines [8].

Given the central role of LDL in current lipid management, this
atherogenic lipoprotein fraction in diabetic patients deserves parti-
cular attention. However, no previous investigation has focused on
whether LDL-C levels in diabetic patients from current clinical practice
differ from those of non-diabetic subjects. In the present study we

mailto:vivit@lkhf.at
http://dx.doi.org/10.1016/j.ijcard.2009.04.048
http://www.sciencedirect.com/science/journal/01675273


Table 1
Characteristics of patients with diabetes and of non-diabetic individuals in angiographied
coronary patients.

T2DM No diabetes p value

n=164 n=586

Age (years) 64±10 62±10 0.204
Male gender (%) 65.2 68.6 0.416
Body mass index (kg/m2) 28.3±4.6 26.8±3.9 b0.001
Waist circumference (cm) 99±13 93±11 b0.001
Coronary artery disease (%) 87.8 80.4 0.029
Significant coronary stenoses ≥50% (%) 69.5 58.4 0.010
Previous myocardial infarction (%) 32.9 24.7 0.036
Hypertension (%) 62.8 49.0 0.002
Smoking (%) 62.8 56.8 0.170
Systolic blood pressure (mm Hg) 139±21 133±22 0.002
Diastolic blood pressure (mm Hg) 79±13 78±12 0.465
Fasting plasma glucose (mg/dl) 159±55 104±17 b0.001
HbA1c (%) 7.5±1.5 5.8±0.5 b0.001
Triglycerides (mg/dl) 203±138 153±91 b0.001
Total cholesterol (mg/dl) 211±48 220±42 0.006
LDL cholesterol (mg/dl) 122±38 134±35 b0.001
HDL cholesterol (mg/dl) 44±14 50±14 b0.001
LDL cholesterol/apolipoprotein B ratio 1.08±0.24 1.18±0.21 b0.001
LDL peak particle diameter (Å) 257±7 259±6 b0.001
Apolipoprotein A1 (mg/dl) 140±28 148±28 0.002
Apolipoprotein B (mg/dl) 113±26 114±25 0.648

BMI denotes body mass index, LDL low density lipoprotein, HDL high density
lipoprotein, Apo A1 apolipoprotein A1, apo B apolipoprotein B, LDL PPD LDL peak
particle diameter; to convert values for fasting plasma glucose to mmol/l multiply by
0.0555, to convert values for triglycerides to mmol/l multiply by 0.0113, and to convert
values for total cholesterol, LDL cholesterol, or HDL cholesterol to mmol/l multiply by
0.0259.
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therefore aimed at investigating the association of diabetes with
serum LDL-C in two different large patient cohorts.

2. Materials and methods

2.1. Patients

For the present analysis, data from two cohorts were obtained: i) from a consecutive
series of patients undergoing coronary angiography for the evaluation of coronary artery
disease (n=756), and ii) from a large sample of outpatients with arterial hypertension
(n=5949).

Details on our population of angiographied coronary patients have been published
previously [5,9]. In short, we recruited 756 Caucasian patients from November 1999
through October 2000 who were referred to coronary angiography for the evaluation of
established or suspected stable CAD solely on the basis of a clinical indication. Patients
who had suffered myocardial infarctions or acute coronary syndromes within three
months prior to the baseline angiography were not enrolled. Six patients with type 1
diabetes (C-peptide negative) were excluded from the analyses, thus data are reported
for 750 subjects.

From these patients, 164 had diabetes mellitus according to World Health
Organization criteria [3], and 586 did not have diabetes. Among patients with diabetes,
42.7% were not receiving any anti-diabetic medication, and 34.8%, 32.3%, 24.4%, and
1.2% were receiving — alone or in combination — sulfonylurea, biguanides, insulin, and
alpha-glucosidase inhibitors, respectively, at baseline. Overall, 64.7% of our patients
were on aspirin, 31.3% on statins, 2.9% on fibrates,12.1% on calcium antagonists, 47.1% on
beta adrenoreceptor blocking agents, 36.0% on angiotensin converting enzyme
inhibitors, and 3.9% on angiotensin II receptor blocking agents.

Clinical history and status were documented, and gender, age, length and body
weight, as well as a smoking history were recorded. Body mass index (BMI) was
calculated as body weight (kg)/height (m)2. Hypertensionwas defined according to the
Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure [10]. T2DM was diagnosed according to World
Health Organization criteria [3]. CAD was diagnosed in the presence of any visible
lumen narrowing at angiography and coronary stenoses with lumen narrowing ≥50%
were considered significant, as described previously [9,11].

Data on the cohort of hypertensive patients were gained through the LIIFE-IN-LIFE
survey, a nationwide scientific project aiming at the collection of epidemiological data
on hypertension in Austria and at antihypertensive regimens based on the LIFE study
results [12]. From March 2004 through September 2006 a total of 20.615 hypertensive
outpatients was enrolled, in whom losartane therapy was prescribed by the treating
physicians (85% general practitioners and 15% board certified specialists in internal
medicine; overall 965 centers were included). Also in this cohort, clinical history and
status were documented, and gender, age, length and body weight, as well as a smoking
history were recorded. Systolic and diastolic blood pressures were measured in a
resting position. In the present analysis those 5949 patients from the LIIFE-IN-LIFE
survey are included for whom baseline lipid measurements were available.

The study has been carried out in accordance with the principles of the Declaration
of Helsinki and has been approved by the local ethics committee.

2.2. Laboratory analyses

In the cohort of angiographied coronary patients, venous blood samples were
collected after an overnight fast of 12 h before angiography was performed. Laboratory
measurements were performed as described previously [5,9]; in particular, LDL-C was
determined directly by using enzymatic hydrolysis and precipitation techniques
(QuantolipLDL; Roche, Basel, Switzerland) on a Hitachi-Analyzer 717 or 911. From the
large cohort of hypertensive patients the laboratory values provided by the treating
physicians were entered into the analyses, irrespective of the fasting state or of the
applied laboratory methods.

2.3. Statistical analysis

Differences in patient characteristics were tested for statistical significance with Chi-
squared tests for categorical and T tests and Mann–Whitney-U tests for normally and non-
normally distributed continuous variables, respectively. Results are given asmean±standard
deviation if not denoted otherwise. For the graphical display of data box-plots were used,
showing median values together with the interquartile ranges. Whiskers at the ends of the
boxes show the distance from the end of the respective box to the largest and smallest
observed values that are less than 1.5 box lengths from either end of the box. Outliers were
definedas caseswithvalues that arebetween1.5and3box lengths fromeitherendof thebox,
and extreme values as cases with valuesmore than 3 box lengths from either end of the box.
Analyses of covariance (ANCOVA) were performed using the general linear model approach.
Significancewas defined as a two-tailedp valueb0.05. All statistical analyseswereperformed
with the software package SPSS·10.0 for Windows.

3. Results

Our cohort of angiographied coronary patients was characteristic for patients
undergoing coronary angiography for the evaluation of CAD, with a mean age of 63±
10 years, a preponderance of male gender (67.9%), and a high prevalence of T2DM
(21.9%), hypertension (52.0%), and smoking (58.1%). Coronary angiography in 82.0% of
our patients revealed CAD, and 60.8% had significant coronary stenoses at angiography.

Table 1 summarizes characteristics of the angiographied coronary patients with
respect to the presence of T2DM. The prevalence of hypertension was higher among
patients with T2DM, and diabetic patients had a significantly higher BMI than non-
diabetic individuals. Further, CAD and significant coronary stenoses were diagnosed
more frequently in patients with T2DM.

From lipid parameters, triglycerides were higher and HDL-C and apolipoprotein A1
were lower in patients with T2DM than non-diabetic subjects. Also, total cholesterol
and LDL-C were significantly lower in patients with T2DM than in non-diabetic
subjects. Further, whereas apolipoprotein B was similar in patients with T2DM and in
non-diabetic subjects, the LDL-C/apolipoprotein B ratiowas significantly lower in T2DM
patients. Concordantly, the LDL particle diameter was significantly smaller in T2DM
patients. These results are shown in Fig. 1A–C. ANCOVA showed that T2DM was
associated with low LDL cholesterol independently from age and gender (F=14.08;
pb0.001).

When patients receiving lipid lowering medication (n=251) were excluded from
the analyses, these lipid results were not significantly altered: again, patients with
T2DM (n=96) exhibited significantly higher triglycerides (191±126 vs. 146±85 mg/
dl; pb0.001), lower HDL-C (44±13 vs. 50±14 mg/dl; pb0.001), lower apolipoprotein
A1 (139±27 vs. 148±28 mg/dl; p=0.012), lower total cholesterol (212±47 vs. 224±
40 mg/dl; p=0.020) and, importantly, lower LDL-C (125±38 vs. 138±34; p=0.001).
Like in the total study population, among patients not receiving lipid lowering
medication, apolipoprotein B was similar in T2DM patients as in non-diabetic subjects
(114±28 vs. 115±25 mg/dl; p=0.798), whereas the LDL-C/apolipoprotein B ratio was
lower (1.09±0.21 vs. 1.20±0.22; pb0.001) and the LDL particle diameter was smaller
(257±6 vs. 260±6 mg/dl; p=0.001) in patients with T2DM than in non-diabetic
subjects. Again, ANCOVA showed an association between T2DM and low LDL
cholesterol which was independent from age and gender (F=12.04; p=0.001).

Also in the cohort of hypertensive patients, the prevalence of diabetes was very
high (n=1632; 27.3%). Characteristics of diabetic and of non-diabetic patients from this
cohort are summarized in Table 2. Patients with diabetes were older than non-diabetic
individuals, BMI was higher in diabetic patients, and more patients with diabetes had a
history of myocardial infarction. Like in our cohort of angiographied coronary patients,
diabetic patients had significantly higher triglycerides, lower HDL-C, and, again, lower
total cholesterol and lower LDL-C (Fig. 2A and B). As in the coronary patients, ANCOVA
showed that T2DM was associated with low LDL cholesterol (F=65.02; pb0.001)
independently from age and gender.

4. Discussion

From our data we conclude that in addition to the high
triglyceride/low HDL-C pattern of dyslipidemia, patients with T2DM
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both among angiographied coronary patients and among hyperten-
sive outpatients have significantly lower LDL-C than non-diabetic
individuals.

Our data are derived from two large patient cohorts from current
clinical practice. Because statin treatment is a cornerstone in today's
management of cardiovascular risk in diabetic patients, a considerable
proportion of our diabetic patientswere on statins. However, whenwe
excluded patients on statin treatment, LDL-C still was significantly
lower in T2DM patients than in subjects without diabetes.

No previous study has focused on LDL-C serum levels in patients
with diabetes. Of note, however, an in depth review of the literature
shows that the validity of our result is confirmed by other reports: For
example, both in the Pravastatin Pooling Project [13] and in the Heart
Protection Study [14], baseline LDL-C levels were significantly lower in
patients with diabetes than in non-diabetic subjects, and a recent
Fig. 1. Lipid parameters in coronary patients with diabetes and in coronary patients without
without diabetes. A. Serum levels of triglycerides, HDL cholesterol, and apolipoprotein A1. B. S
apolipoprotein B ratio and LDL peak particle diameter. Box-plots are given, showing the med
denote extreme values; ⁎denotes statistical significance.
meta-analysis on the efficacy of statin treatment in patients with
diabetes [7] shows markedly lower pre-treatment LDL-C levels in
diabetic than in non-diabetic patients (3.4 vs. 3.9 mmol/l).

It might be speculated that there is an indirect effect of statin
treatment on average LDL-C levels in T2DM patients even in those
who actually do not receive statins. Indeed, when the therapeutic
decision is not to use statins, LDL-C levels according to current
guidelines [8] should be lower in patients with T2DM than in non-
diabetic subjects. However, also data from the pre-statin era showed
lower LDL-C in diabetic patients [15]. In addition, we have previously
shown that also the atherogenic lipoprotein(a), which is hardly
influenced by statin treatment [16] is significantly lower in coronary
patients with T2DM than in non-diabetic coronary patients [17].
Because the association between T2DM and low LDL-C proved to be
independent of age in ANCOVA, age differences between patients with
diabetes. Lipid parameters in coronary patients with diabetes and in coronary patients
erum levels of total cholesterol, LDL cholesterol, and apolipoprotein B. C. LDL cholesterol/
ian values together with the interquartile ranges; circles denote outliers; small asterisks



Table 2
Characteristics of patients with diabetes and of non-diabetic individuals in patients
with hypertension.

Diabetes No diabetes p value

n=1632 n=4317

Age (years) 67±12 65±13 b0.001
Male gender (%) 44.5 43.3 0.150
Body mass index (kg/m2) 29.5±4.8 27.7±4.4 b0.001
Waist circumference (cm) 102±16 97±15 b0.001
Previous myocardial infarction (%) 11.6 7.0 b0.001
Smoking (%) 18.0 18.5 0.409
Systolic blood pressure (mm Hg) 158±19 158±19 0.202
Diastolic blood pressure (mm Hg) 90±11 91±11 b0.001
Fasting plasma glucose (mg/dl) 140±40 95±16 b0.001
Triglycerides (mg/dl) 173±70 151±65 b0.001
Total cholesterol (mg/dl) 216±44 222±41 b0.001
LDL cholesterol (mg/dl) 127±40 136±37 b0.001
HDL cholesterol (mg/dl) 53±17 57±19 b0.001

BMI denotes body mass index, LDL low density lipoprotein, HDL high density
lipoprotein; to convert values for fasting plasma glucose to mmol/l multiply by
0.0555, to convert values for triglycerides to mmol/l multiply by 0.0113, and to convert
values for total cholesterol, LDL cholesterol, or HDL cholesterol to mmol/l multiply by
0.0259.
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T2DM and non-diabetic subjects do not explain the lower LDL-C
serum concentrations in T2DM patients. It might appear possible that
an earlier death of diabetic patients with high lipoprotein(a) or high
LDL-C serum levels leads to a selection of diabetic patients with
relatively low LDL-C and thus may contribute to the low serum levels
of LDL-C and lipoprotein(a) in patients with diabetes.
Fig. 2. Results for hypertensive outpatients with diabetes and in hypertensive outpatients w
outpatients without diabetes. A. Serum levels of triglycerides and HDL cholesterol. B. Serum
values together with the interquartile ranges; circles denote outliers; small asterisks denote
However, apolipoprotein B, a paramount indicator of cardiovas-
cular risk [18], was not significantly different between T2DM patients
and non-diabetic subjects in our investigation. This observation could
be accounted for by increased apolipoprotein B production in the liver
of T2DM patients through the increased secretion of very low density
lipoprotein (VLDL) particles in the insulin resistant state [4]. The LDL-
C/apolipoprotein B ratio in turn, a measure for the LDL-C content per
LDL particle, was lower in T2DM patients than in non-diabetic
subjects. This important finding shows that the low LDL-C in our
diabetic patients was not due to a reduction of LDL particles but rather
to a reduction in the cholesterol content per LDL particle. The LDL-C/
apolipoprotein B ratio is a surrogate for the LDL particle size. Con-
cordantly, the LDL particle size as directly measured by gradient gel
electrophoresis was smaller in our T2DM patients than in our non-
diabetic subjects. Thus, the low cholesterol content of the small LDL
particles in patients with T2DM provides a pathophysiological ratio-
nale for their low LDL-C, i.e. a normal number of LDL particles carries
less cholesterol.

Importantly, small dense LDL particles are a paramount risk factor
for cardiovascular disease [19]. Thus, albeit LDL-C is lower in diabetic
patients than in non-diabetic individuals, their LDL particles are more
atherogenic. Our data therefore by no means imply reluctant use of
statins in diabetic patients. Indeed, large randomized trials have
shown a particularly high absolute risk reduction with statin treat-
ment in diabetic patients [7,20].

However, our finding that high LDL-C serum levels are not the
primary lipid abnormality of T2DM patients in the clinically important
high-risk populations of angiographied coronary patients and of
ithout diabetes. Results for hypertensive outpatients with diabetes and in hypertensive
levels of total cholesterol and LDL cholesterol. Box-plots are given, showing the median
extreme values; ⁎denotes statistical significance.
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hypertensive patients should not be overlooked. We have previous-
ly shown that among diabetic coronary patients the cluster of low
HDL-C, high triglycerides, and small dense LDL particles is a more
important risk factor than LDL-C [5]. Treatment of the atherogenic
lipid triad (e.g. with nicotinic acid or with fibrates) therefore is highly
promising to further reduce cardiovascular events. Unfortunately only
limited evidence from clinical trials is currently available for
cardiovascular risk reduction by such interventions. Large ongoing
studies such as AIM-HIGH [21], HPS2-THRIVE [22], and the lipid in-
tervention arm of the ACCORD trial [23] will help much to further
clarify this issue.

Important strengths of our study are the large number of enrolled
patients and the analysis of two different patient populations. Our
populations of coronary patients and of patients with hypertension
are very important from a clinical point of view; the focused study of
risk factors in these high-risk populations therefore is mandatory.
These populations of course are selected, and therefore our results are
not necessarily applicable to other populations. However, the con-
sistency of our results between the two investigated patient cohorts
strongly strengthens the validity of our findings.

Whereas a detailed collection of patient characteristics was
performed in the cohort of angiographied coronary patients, this
was not the case in the very large sample of hypertensive patients
from the LIIFE-IN-LIFE project. In particular, no data on lipid lowering
treatment were available for this second cohort. Whatsoever, in our
cohort of coronary patients, LDL-C remained lower in T2DM patients
even when those receiving lipid lowering therapy were excluded.
Further, type of diabetes could be definitely verified through C-
peptide measurements in our cohort of coronary patients, but not in
the cohort of hypertensive patients. However, in the investigated age
group of hypertensive subjects, more than 90% of diabetes cases are
T2DM [24]. Therefore, also our findings from the hypertensive patients
should be applicable to T2DM.

In conclusion, we have found that both among angiographied
coronary patients and among patients with arterial hypertension LDL-C
is significantly lower in T2DM patients than in non-diabetic subjects.
Because LDL-C in current guidelines is considered the primary target of
lipid intervention, this result is of great clinical importance. Studies on
LDL-C serum levels in diabetic patients from other populations are
warranted.
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