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Lipoprotein(a) als Einfl ussfaktor auf die 

Intima-Media-Dicke bei Patienten mit Diabetes 

mellitus Typ 2

Zusammenfassung. Hintergrund: Ziel dieser Studie war es, 
herauszufi nden ob erhöhtes Serum Lipoprotein(a) (Lpa) bei 
Patienten mit Diabetes mellitus Typ 2 signifi kant zu einem 
Anstieg der Intima-Media-Dicke und der Zahl der Plaques 
der Carotiden beiträgt und so das kardiovaskuläre Risiko die-
ser Patienten erhöht.

Methoden: Bei 146 Patienten mit Diabetes mellitus Typ 2 
wurden die Lpa-Spiegel, die Intima-Media-Dicke und die 
Zahl der Plaques in den Carotiden erhoben. Die Intima- 
Media-Dicke und die Anzahl der Plaques wurde nach 4  Jahren 
Follow-up kontrolliert. Die Patienten wurden entsprechend 
ihrem Serum-Lpa-Spiegel in 2 Gruppen (> oder ≤30 mg/dl) 
eingeteilt. Die Intima-Media-Dicke wurde mit hochaufl ösen-
dem B-Mode Ultraschall erhoben.

Ergebnisse: Anfangs bestand kein signifi kanter Unterschied 
in der Intima-Media Dicke der Carotiden der beiden Grup-
pen. Bei der Kontrolle waren die Intima-Media-Dicken der 
Gruppe mit höherem Lpa-Spiegel signifkant höher als jene 
der Gruppe mit niedrigem Lpa Spiegel (1,24 + 0,22 vs. 
1,15 + 0,17 mm; p = 0.005), Die mittlere Zunahme der Intima-
Media Dicke betrug in der Gruppe mit niedrigem Lpa Spiegel 
nach 4 Jahren 0,12 mm (0,030 mm/Jahr) und in der Gruppe 
mit höherem Lpa Spiegel 0,17 mm (0,043 mm/Jahr). Die Mul-
tivarianzanalyse ergab, dass die Intima-Media Dicke nur vom 
Lpa- und nicht vom Triglyzerid- beziehungsweise vom HDL-
Cholesterin-Spiegel oder dem Taille-Hüfte Quotienten ab-
hing. Die Anzahl der Plaques unterschied sich weder bei der 
Erstuntersuchung noch bei der Kontrolle zwischen den bei-

den Gruppen signifi kant (p = 0,276 respektive p = 0,355). In der 
Gruppe mit höherem Lpa-Spiegel traten mehr kardiovasku-
läre Ereignisse ein als in der anderen Gruppe – der Unter-
schied war allerdings statistisch nicht signifi kant.

Schlussfolgerungen: Unsere Ergebnisse weisen daraufhin, 
dass Lpa ein unabhängiger, genetisch determinierter Risiko-
faktor ist, der eng mit der Zunahme der Intima-media-Dicke 
bei Diabetes mellitus Typ 2 assoziiert ist.

Summary. Background: Th e aim of the study was to establish 
whether increased levels of serum lipoprotein(a) signifi cantly 
contribute to an increase in intima-media thickness and the 
number of carotid artery plaques, and consequently to cardi-
ovascular risk in patients with type 2 diabetes mellitus.

Methods: Lipoprotein(a) levels, intima-media thickness 
and the number of carotid artery plaques were determined at 
the beginning of the study in 146 patients with type 2 diabetes. 
Patients were divided into two groups according to serum 
lipoprotein(a) levels (> or ≤ 30 mg/dl). Intima-media thick-
ness and the number of plaques were again determined after 
four years of follow-up. Intima-media thickness was assessed 
using high-resolution B-mode ultrasound.

Results: Th e two groups of patients revealed no signifi cant 
diff erences in baseline intima-media thickness (P = 0.112) in 
relation to lipoprotein(a) level. After follow-up, intima-media 
thickness was signifi cantly greater in patients with higher 
lipoprotein(a) levels (1.24 + 0.22 vs. 1.15 + 0.17 mm, respec-
tively; P = 0.005). Th e mean increase in thickness over four 
years was 0.12 mm (0.030 mm/year) in the group with low 
lipoprotein(a) levels and 0.17 mm (0.043 mm/year) in the 
group with high lipoprotein(a). Multivariate analysis indi-
cated that intima-media thickness depended on lipoprotein(a), 
and not on triglyceride, HDL-cholesterol levels or waist-to-
hip ratio. No signifi cant diff erence in baseline and follow-up 
number of plaques was observed between the study groups 
(P = 0.276 vs. P = 0.355, respectively). Although the group with 
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lipoprotein(a) >30 mg/dl had more cardiovascular events, the 
diff erence was not statistically signifi cant.

Conclusions: Th ese results indicate that lipoprotein(a) is an 
independent, genetically determined risk factor closely asso-
ciated with progression of intima-media thickness in type 2 
diabetes.

Key words: Lipoprotein(a), intima-media thickness, diabetes 
mellitus, carotid artery plaque, cardiovascular risk.

Introduction

Atherosclerosis, the most frequent artery disease, is charac-
terized by an increase in intima-media thickness (IMT). 
 Although numerous risk factors such as  hyperlipoproteinemia, 
hypertension, smoking and diabetes mellitus are nowadays 
considered to be responsible for development of atheroscle-
rosis [1, 2], these traditional risk factors have recently been 
suggested to be insuffi  cient to explain total cardiovascular 
risk [3]. C-reactive protein, homocysteine, fi brinogen and 
lipoprotein(a) (Lp(a)) in particular have therefore been exten-
sively investigated during recent decades. Many questions on 
the clinical signifi cance and therapeutic possibilities of Lp(a) 
are still unanswered, some authors suggesting that Lp(a) is 
only a marker and not the cause of atherosclerosis.

Th ere are two known mechanisms by which Lp(a) in-
creases the risk of atherosclerosis. Its structure is similar to 
that of low-density lipoprotein (LDL) because of a compara-
ble content of cholesterol, phospholipids and apolipoprotein 
B [4]. Th ere is also signifi cant structural similarity between 
apolipoprotein A (apo A), a component part of Lp(a), and 
plasminogen, suggesting that Lp(a) might play a role in 
atherothrombotic disease [5]. Apoproteins and plasma lipids 
are genetically determined, genetic risk factors responsible 
for approximately 50% of inter-individual variation, whereas 
Lp(a) is unique in this respect as more than 90% of inter-indi-
vidual variations can be explained by genetic infl uence [6, 7]. 
Lp(a) infl uences monocyte transmigration into the vessel wall 
and consequently has an impact on endothelial cell prolifer-
ation [8]. Oxidized Lp(a) can be found in macrophages, which 
in atherosclerosis transform into foam cells [9].

Studies have pointed to a signifi cant correlation between 
increased Lp(a) levels, IMT and the number of atherosclerotic 
plaques in carotid arteries [10]. However, only a few of the 
studies have investigated the infl uence of lipoproteins on 
plaque thickness in the carotid arteries in persons with diabe-
tes. Th e aim of our study in patients with type 2 diabetes was 
to assess the infl uence of increased Lp(a) levels on the pro-
gression of IMT and on the number of atherosclerotic plaques 
at the beginning and at the end of a 4-year follow-up, and also 
to determine the correlation between Lp(a) levels and cardi-
ovascular disease morbidity and mortality in this patient 
 population.

Methods

Patients

A total of 146 patients aged 40–70 years with type 2 diabetes who were 
treated in the outpatient and clinical departments of our hospital 
were enrolled in the study over a 4-month period. All participants had 
diabetes mellitus diagnosed according to the World Health Organiza-
tion criteria [11] and diabetes duration longer than one year, but no 
history of stroke, myocardial infarction, or serious chronic or malig-

nant disease. Th e study was approved by the hospital’s ethics commit-
tee and written informed consent was obtained prior to enrollment. 
Th e patients were divided into two groups according to their Lp(a) 
levels, based on observation that the risk of cardiovascular disease is 
increased in persons with Lp(a) levels >30 mg/dl [12].

Lp(a), carotid artery IMT and the number of plaques, as well as 
other cardiovascular risk factors such as age, sex, smoking, body mass 
index, waist-to-hip ratio (WHR), glycated hemoglobin (HbA1c), total 
cholesterol, HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C), 
triglycerides, blood pressure and 24-h urine albumin excretion rate 
were determined at the beginning of the study. All cardiovascular 
events, particularly stroke and myocardial infarction, were recorded 
during the four years of follow-up. All patients with diabetes mellitus, 
hypertension and hyperlipidemia received the usual care and treat-
ment. No signifi cant diff erence in drug treatment was observed. Fol-
low-up measurements of IMT and plaque number were performed at 
the end of the 4-year period ± one month.

Laboratory tests

An Olympus AU600 automated spectrophotometer (Olympus Optical 
Co., Japan) was used for determination of all biochemical parameters. 
Lp(a) concentration was determined in an automated immunoturbi-
dimetric assay using commercially available reagents and calibrators 
(Unimate Lp(a), Hoff mann-Laroche, Switzerland; Immuno AG, 
 Austria). Day-to-day imprecision, assessed as a coeffi  cient of varia-
tion, was 3.2% at an Lp(a) concentration of 32 mg/l and 1.8% at 
64 mg/l. Total cholesterol and triglycerides were measured enzymat-
ically (Th ermo Trace, Australia). HDL-C was measured using a homo-
geneous direct method (Olympus Diagnostica, Ireland). LDL-C was 
calculated using the Friedwald equation. HbA1c and microalbu-
minuria were determined using commercially available immunotur-
bidimetric assays (Olympus Diagnostica, Ireland).

Measurements of intima-media thickness

IMT and plaque number were measured using a high resolution ul-
trasound system (Panther 2002, B&M Medical) with a linear elec-
tronic 8.0 MHz transducer. Carotid arteries were scanned bilaterally 
in three longitudinal views (anterior, lateral, posterior) and a trans-
verse view according to a standard method [13]. Images of the carotid 
arteries were obtained by freezing the image at the end of diastole to 
avoid variability of the cardiac cycle. Measurement was obtained in 
each longitudinal view at the point of maximum thickness and at 1 cm 
above and below. Th e highest mean value of all measurements was 
considered to measure IMT. A plaque was defi ned according to 
 Salonen as a mineralized area with a focal prominence in the blood 
vessel lumen [14]. Reproducibility of IMT measurement was checked 
the same or the next day by an independent investigator who meas-
ured IMT in 35 patients using the same scanner. Th e investigators 
were blinded as to patients’ earlier Lp(a) and IMT measurements.

Measurement of blood pressure

Systolic and diastolic blood pressures were measured using an appro-
priately sized cuff  with the patient in a supine position after a 5-min 
rest and were systematically controlled by random-zero sphygmoma-
nometer. Th e mean of three readings was used for analysis.

Body mass index

BMI between 18.5 and 24.9 was considered normal, BMI between 
25.0 and 29.9 was considered overweight, and BMI ≥ 30.0 was consid-
ered obese.

Waist-to-hip ratio

Values of WHR < 0.90 in men and <0.85 in women were used to defi ne 
abdominal obesity.

Lp(a) and carotid IMT in type 2 diabetes © Springer-Verlag –/2010 wkw2
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Statistical analysis

Categorical variables are expressed as absolute and relative frequen-
cies, and their distributions compared using the Chi-squared or 
 Fisher’s exact probability tests. Continuous variables are expressed as 
mean ± standard deviation if normally distributed and otherwise as 
median and data range. Between-group diff erences were compared 
using the Mann–Whitney test or t-test; repeated measurements were 
compared using paired t-tests. A general linear model repeated-
measure ANOVA was used to determine within-group diff erence in 
IMT and plaque number with respect to Lp(a). Factors with a possi-
ble infl uence on repeated measures (IMT, number of plaques) were 
considered as within-subject factors, others were set as between-sub-
ject factors. SPSS version 7.5 (SPSS Inc., Chicago, USA) and MedCalc 
version 11 (MedCalc Inc., Mariakerke, Belgium) software was used for 
statistical calculations.

Results

Among the 146 patients with type 2 diabetes included in the 
study, 60 had serum Lp(a) levels ≤30 mg/dl and 86 had levels 
>30 mg/dl, with no signifi cant sex-related diff erences between 

the two groups (35/25 men/women with Lp(a) ≤ 30 mg/dl; 
59/27 with Lp(a) > 30 mg/dl; Chi-squared P = 0.202). Th e ma-
jority of patients were aged between 60 and 70 years, and 64% 
of them were men. No signifi cant diff erence was found 
 between the Lp(a) groups with respect to age, BMI, 24-h albu-
min excretion rate, total cholesterol, LDL-C, HbA1c, hyper-
tension or smoking. A signifi cant diff erence was found 
 between the two study groups with respect to increased WHR 
(P = 0.019), HDL-C (P = 0.007) and triglycerides (P < 0.001) 
 (Table 1).

Intima-media thickness at the beginning of the study 
and after four years of follow-up

As shown in Table 2, there was no signifi cant diff erence in 
IMT between the two groups at the beginning of the study. At 
the end of the 4-year follow-up both the patients with lower 
Lp(a) levels and those with higher levels had signifi cantly in-
creased IMT in comparison with measurements at the begin-
ning of the study (P < 0.001 for both). Although there were no 

Table 1. Clinical and laboratory data

Variable Lipoprotein(a) (mg/dl) Statistics

≤30 (N = 60) >30 (N = 86) t/χ² P

Age (years)ª 63 (45–69) 64 (46–70) –0.35  0.730

BMIb 27.5 ± 3.3 27.7 ± 3.0 –0.43  0.668

Increased WHR (%)c 46 (31.5) 79 (54.1)  5.45  0.019

Albumin excretion rate (mg/24 h)b 35.6 ± 56.9 56.5 ± 86.3 –1.64  0.103

Total cholesterol (mmol/l)b 5.7 ± 1.0 5.8 ± 1.2 –0.83  0.41

LDL-cholesterol (mmol/l)b 3.5 ± 0.9 3.6 ± 1.1 –0.44  0.659

HDL-cholesterol (mmo/l)b 1.4 ± 0.4 1.2 ± 0.3  2.63  0.007

Triglycerides (mmo/l)b 1.7 ± 0.8 2.5 ± 1.5 –3.86 <0.001

Glycated hemoglobin (HbA1c) (%)b 7.9 ± 1.4 7.9 ± 1.1 –0.18  0.859

Increased blood pressure (%)c 39 (26.7) 67 (45.9)  2.96  0.085

Smoking (%)c 10 (6.9) 19 (13.0)  0.65  0.419

BMI body mass index; WHR waist-hip ratio; adata presented with median and range compared using the Mann–Whitney test; bdata presented with mean and 
standard deviation compared using a t-test; cdata presented with absolute and relative frequencies compared using a χ2 test.

Table 2. Comparison of intima-media thickness and the number of plaques in two lipoprotein(a) groups at the beginning 
of the study and at the end of follow-up

Variables
compared

Lipoprotein(a) (mg/dl) Statistics

 ≤30 (N = 58) >30 (N = 80) t c P c

Intima-media thickness (mm)

At the beginningª 1.03 ± 0.15 1.07 ± 0.18 –1.6 0.112

After 4 yearsª 1.15 ± 0.17 1.24 ± 0.22 –2.82 0.005

Statistics
t d –9.26 –9.82

 –
P d <0.001 <0.001

No. of plaques (N)

At the beginningb 1 (0–6) 1 (0–8) –1.09 0.276

After 4 yearsb 1 (0–8) 2 (0–8) –9.3 0.355

Statistics
t d –4.15 –5.69

 –
P d <0.001 <0.001

Data presented as amean and standard deviation or bmedian and range, and compared using cunpaired or dpaired t-tests; significant values shown in bold.
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diff erences in baseline IMT between the groups with respect 
to Lp(a) (P = 0.112), at the end of follow-up IMT was signifi -
cantly higher in patients with Lp(a) >30 mg/dl (P = 0.005). Th e 
average increase in IMT in patients with Lp(a) ≤30 mg/dl was 
0.12 mm (0.030 mm/year): average IMT at the end of the study 
1.15, average IMT at the beginning of the study 1.03. In the 
group with Lp(a) >30 mg/dl the average increase was 0.17 mm 
(0.043 mm/year): average IMT at the end of the study 1.24, 
 average IMT at the beginning of the study 1.07 (Table 2).

Repeated measures ANOVA results are shown in Table 3. 
Changes in IMT between the fi rst and second measurement 
four years later (P = 0.005) were predicted by Lp(a) (P = 0.013) 
but not by triglycerides (P = 0.851), HDL-C (P = 0.579) or WHR 
(P = 0.192). Controlling for repeated measures, IMT was deter-
mined by Lp(a) level (P = 0.013), but not by triglycerides, 
HDL-C level or WHR (P > 0.05 for all) (Table 3).

Number of plaques at the beginning of the study 
and after four years of follow-up

Th ere were no signifi cant diff erences in the number of plaques 
between the two groups either at the beginning (P = 0.276) or 
at the end of the study (P = 0.355) (Table 2). A signifi cant 
change in the number of plaques was found in both groups at 
the end of the study (both P < 0.001) (Table 2).

Multivariate analysis of the relevant parameters is shown 
in Table 3. Changes between the initial and the end plaque 
number were not infl uenced by Lp(a), triglycerides, HDL-C or 
WHR (P > 0.05 for all) (Table 3). Controlling for repeated meas-
ures, the number of plaques was determined by Lp(a) 
(P = 0.049) and triglycerides (P < 0.001), but not by HDL-C or 
WHR levels (P > 0.05 for both).

Cardiovascular morbidity and mortality in the study 
groups during the 4-year follow-up

Th ere were slightly more myocardial infarctions (N = 4) among 
patients with Lp(a) > 30 mg/dl than among those with 
Lp(a) ≤ 30 mg/dl (N = 1), but the diff erence was not signifi cant 
 (Chi-squared P = 0.649). Th ere were no signifi cant diff erences 
in stroke or cardiovascular deaths (stroke and myocardial inf-
arction together) between the two groups: in total, N = 2 

 patients with stroke, N = 8 patients with cardiovascular mortal-
ity. Because of the small number of cardiovascular events 
 during the 4-year follow-up, a combined outcome (myocardial 
infarction, stroke, cardiovascular death) was also compared 
 between the two Lp(a) groups. Although more combined out-
comes (N = 11, 10.2%) occurred in patients with Lp(a) > 30 mg/
dl than in those with Lp(a) ≤ 30 mg/dl (N = 4, 2.7%), the diff er-
ence was not signifi cant (Chi-squared P = 0.296).

Discussion

Findings of studies on Lp(a) and development of cardiovascu-
lar disease are contradictory, often because of inappropriate 
comparison between prospective and cross-sectional studies. 
Th e association between Lp(a) and coronary heart disease 
(CHD) was observed in the 1960s and early 1970s [15]. A ma-
jority of studies from a meta-analysis of 27 prospective stud-
ies carried out in 5400 patients with CHDs over a period of 10 
years reported that patients with increased Lp(a) were at sig-
nifi cantly greater risk for CHD than those with low Lp(a). Only 
fi ve among these studies did not report an increased relative 
CHD risk in patients with elevated Lp(a) [16]. According to the 
Framingham Heart Study, increased Lp(a) is an important 
predictor of cardiovascular risk in men, whereas in women re-
sults have been diff erent, possibly due to changes in levels of 
sex hormones during women’s lifetimes [17]. In addition, a 
meta-analysis by Milionis and co-workers suggests an associ-
ation between increased Lp(a) and stroke [18]. Lp(a) has a 
strong prothrombotic activity and an inhibitory eff ect on fi bri-
nolysis, but its role in thromboembolic disease remains 
 unclear [19].

In the past 15 years many studies have used non-invasive 
methods such as ultrasound measurement of IMT for the de-
tection of atherosclerosis and prediction of its complications 
(myocardial infarction, stroke, peripheral arterial disease, 
cardiovascular death) [20, 21]. Ultrasound is also useful in the 
detection of focal plaques, which have been shown to predict 
future cerebral ischemic events [14].

Th e correlation between Lp(a) and carotid artery IMT has 
been demonstrated in many studies in patients without dia-
betes. However, larger studies in diabetic populations are still 
scarce. One such study of diabetic patients has shown persons 

Table 3. Multivariate analysis of intima-media thickness and the number of plaques using repeated measures ANOVAa

Variables analyzed ANOVA factors

Within-subject factors Between-subject factors

F P F P

IMT 8.27 0.005 – –

Lp(a) (groups < 30 and ≥ 30 mg/dl) 6.37 0.013  6.32 0.013

Triglycerides 0.04 0.851  0.70 0.403

HDL-cholesterol 0.31 0.579  0.05 0.820

WHR 1.72 0.192  0.10 0.749

No. of plaques 0.18 0.671 – –

Lp(a) (groups < 30 and ≥ 30 mg/dl) 0.06 0.801  3.49  0.049

Triglycerides 1.16 0.283 14.66 <0.001

HDL-cholesterol 0.57 0.453  0.80  0.373

WHR 2.61 0.109  1.19  0.276

IMT intima-media thickness; WHR waist-hip ratio; aonly statistics with P-values are presented; significant values shown in bold.
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with cerebrovascular disease to have signifi cantly increased 
IMT and Lp(a), in contrast to patients with CHD, in whom this 
increase was not signifi cant. Th e number of plaques has also 
been found to signifi cantly correlate with cerebrovascular dis-
ease and CHD [22]. We have previously demonstrated that pa-
tients with type 2 diabetes and increased Lp(a) levels have 
greater carotid artery IMT and a larger number of plaques 
than patients with low Lp(a) levels [23]. In addition, patients 
with higher Lp(a) values were observed to have earlier pro-
gression of carotid artery IMT. In a study by Yamasaki and 
 co-workers in 287 patients with type 2 diabetes, the main pre-
dictors of carotid artery IMT progression in type 2 diabetes 
were basal IMT values and glycemic regulation [24], with an 
average annual increase in IMT of 0.04 mm corresponding to 
our results. Similar results have been obtained in a group of 
mostly non-diabetic patients, where a 2-year increase in IMT 
of 0.08 mm was found [25]. Another study demonstrated a sig-
nifi cantly smaller annual progression in carotid artery IMT in 
non-diabetic patients in comparison with diabetic patients 
[26]. We observed a signifi cant diff erence in HDL-C, triglycer-
ides and WHR between patients with high levels of Lp(a) and 
those with low levels. Multivariant stepwise analysis showed 
that Lp(a), but not HDL-C, triglycerides or WHR, was the main 
predictor of IMT changes during the follow-up period.

Only a few investigations have correlated Lp(a) level with 
the number of carotid artery plaques. In type 2 diabetes, a sig-
nifi cantly higher number of plaques has been observed in 
 patients with higher Lp(a) levels than in patients with lower 
levels [22]. In our study the observed increase in the number 
of plaques over a 4-year period did not show signifi cant diff er-
ences between the two Lp(a) groups.

Visona and co-workers found an association between ca-
rotid artery thickness and microvascular complications in pa-
tients with type 2 diabetes [27]. We have previously observed 
an association of microvascular complications with carotid 
artery IMT, but not with the number of plaques, which has 
provided evidence of an impact of microvascular complica-
tions on the development of atherosclerotic changes in type 2 
diabetes [23].

Th e present study provides evidence that Lp(a) is a signifi -
cant predictor of progression of carotid artery IMT: the pa-
tients with high Lp(a) levels had greater IMT progression, 
which is in agreement with reports from larger prospective 
studies in the general population on signifi cantly higher Lp(a) 
and carotid artery IMT values in patients with myocardial in-
farction and stroke [28]. Our analysis of cardiovascular events 
(myocardial infarction, stroke, cardiovascular death) and 
their combined outcome found no signifi cant diff erences in 
individual cardiovascular events or in the rates of combined 
outcomes, although cardiovascular events were slightly more 
frequent in patients with higher Lp(a) levels. Th e limitations 
of our study – the relatively small number of patients and a too 
short follow-up period – might have contributed to obtaining 
such a fi nding. Th is suggests the need for studies that would 
include greater numbers of type 2 diabetic patients and have 
a longer follow-up period.

Data on the importance of Lp(a) in patients with type 2 di-
abetes have been limited and controversial. Increased Lp(a) 
levels in these patients have not been demonstrated in all 
studies, despite the fact that cardiovascular morbidity and 
mortality are increased in type 2 diabetes [22, 29]. A prospec-
tive study in diabetic patients has shown the incidence of car-

diovascular disease to be signifi cantly higher in patients with 
higher Lp(a) levels, suggesting that Lp(a) is a predictor of pro-
gression of carotid artery IMT [30].

Th e importance of Lp(a) in the development of cardiovas-
cular diseases is still the focus of numerous studies. It is 
 important that Lp(a) values be determined in patients with a 
family history of cardiovascular diseases in order to identify 
people with genetic predisposition for these diseases. So far, 
however, no drugs have been developed that could signifi -
cantly decrease an elevated Lp(a) level without causing seri-
ous adverse eff ects [31].

Conclusions

In this study, patients with increased Lp(a) levels showed sig-
nifi cantly greater progression of carotid artery IMT after 
4 years of follow-up than patients with lower Lp(a) levels. IMT 
changed between the beginning and the end of the study 
4 years later, and was associated with Lp(a) but not with trig-
lycerides, HDL-C or WHR. Although the number of plaques 
was signifi cantly increased in both Lp(a) groups after 4 years, 
it was not infl uenced by Lp(a) levels, triglycerides, HDL-C or 
WHR. Th ere were also no diff erences in the rates of myocar-
dial infarction, stroke, all-cause cardiovascular mortality, or 
combined outcome (myocardial infarction, stroke, cardiovas-
cular mortality) between the two groups after 4 years. It could 
therefore be concluded that Lp(a) is an independent, geneti-
cally determined risk factor that has an impact on the progres-
sion of carotid artery IMT in patients with type 2 diabetes.
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