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Background. Hepatic lipase plays a key role in the

metabolism of pro-atherogenic and anti-atherogenic

lipoproteins affecting their plasma level as well as

their physico-chemical properties. We hypothesized

single nucleotide polymorphisms in the promoter

region of the hepatic lipase gene to be associated

with an increased risk for peripheral arterial disease

(PAD).

Methods. A total of 241 patients with PAD and 241

controls matched for sex and age (±2 years) were

genotyped cross-sectionally for the )250 single

nucleotide polymorphism in the hepatic lipase

promoter.

Results. The frequency for the )250A allele in

patients with PAD was 0.203, whereas it was 0.147

in the controls (P ¼ 0.022). Hepatic lipase promoter

polymorphism distribution remained significantly

different between cases and controls after

multivariate logistic regression analysis (P ¼
0.021). The odds ratio of the )250A hepatic lipase

allele for the PAD was 1.69 (95% confidence

interval of 1.08–2.64), when adjusted for current

smoking, arterial hypertension, cholesterol,

triglycerides, HbA1C, total homocysteine and high

sensitivity C-reactive protein.

Conclusion. Previous data in patients with

ischaemic heart disease have suggested a pro-

atherogenic role of low hepatic lipase levels. Our

results extend these data to the vascular territory

of the lower limbs, such that hepatic lipase

promoter variation represents a genetic risk factor

of PAD.

Keywords: hepatic lipase, peripheral arterial
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Introduction

Hepatic lipase plays a key role in the metabolism of

pro-atherogenic and anti-atherogenic lipoproteins

affecting their plasma level as well as their physico-

chemical properties [1–5]. Hepatic lipase functions

as a lipolytic enzyme that hydrolyses triglycerides

and phospholipids in circulating plasma lipopro-

teins. Thereby, on the one hand it promotes the

conversion of IDL and buoyant LDL to pro-ather-

ogenic small, dense LDL, and on the other hand it

influences HDL metabolism and chylomicron clear-

ance and thus affects reverse cholesterol transport

and postprandial lipaemia respectively [6, 7].

Within the atheromatous plaque, hepatic lipase

facilitates lipoprotein uptake via cell surface recep-

tors and proteoglycans, altering macrophage gene

expression and enhancing the atherosclerotic pro-

cess [8]. Hepatic lipase activity is determined by

gender, visceral obesity, insulin resistance, diet, and

– most importantly – by genotype. Approximately

20–30% of the individual variation in hepatic

lipase activity is due to the presence of a common

polymorphism in the promoter region of the*These authors contributed equally to the work.
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hepatic lipase gene. This )514 CfiT substitution is

in strong linkage disequilibrium with other single

nucleotide polymorphisms in the promoter region

(GfiA at )250, TfiC at )710, AfiG at )763), it

disrupts the upstream stimulatory factor 1 binding

site present in the proximal promoter region of the

hepatic lipase and leads to decreased gene tran-

scription and thus to decreased hepatic lipase

activity [9–11].

There are extensive data on the role of hepatic

lipase in ischaemic heart disease [12–15], however,

data on other vascular territories are contradictory

[16]. We hypothesized that in the presence of the

A-allele at position )250, which is linked to the T-

allele at position )514 in 98.8% of Caucasians

[13], the pro-atherogenic effects of low hepatic

lipase activity levels would prevail and lead to an

increased prevalence of peripheral arterial disease

(PAD). In order to test this hypothesis we geno-

typed cross-sectionally a Caucasian study popula-

tion with chronic atherosclerotic arterial disease of

the lower extremities and a matched control

population.

Methods

Subjects

We cross-sectionally studied 241 Caucasian patients

with PAD and 241 matched control subjects of the

Linz Peripheral Arterial Disease (LIPAD) study. We

excluded patients with diabetes mellitus from our

study population in order to eliminate a confound-

ing risk factor for PAD [14]. Diabetes mellitus was

defined by use of any glucose-lowering medication,

or by fasting glucose levels ‡7 mmol L)1. The LIPAD

study objectives, its recruitment procedures and

population characteristics have been described pre-

viously [17]. In brief, PAD was defined as chronic

atherosclerotic disease of the lower extremities

associated with typical symptoms, such as claudi-

cation or leg pain upon exertion, rest pain, or minor

or major tissue loss, and was verified by interview,

physical examination, sonography and angiogra-

phy. All cases with acute ischaemia were excluded.

Further exclusion criteria were PAD caused by

nonatherosclerotic causes (e.g. cardioembolic dis-

ease, vasculitis) and the history or presence of any

malignancy. Control subjects were matched to the

patients with PAD in a 1 : 1 design by sex and age

(±2 years); they were generally at good health and

were free of manifest or previous atherosclerotic

disease. All of them had an ankle-brachial pressure

index ‡1.0, no pathological pattern of pulse waves

in lower limbs by continuous-wave spectral analysis,

no ischaemic heart disease, and no stenosis of the

internal carotid artery ‡50% on colour duplex

sonography. Smoking was classified according to

recommended standards as any amount of tobacco

use including abstinence <1 year [18]. Arterial

hypertension was defined as the use of any antihy-

pertensive medication, or systolic blood pressure

‡145 mmHg, or diastolic blood pressure

‡90 mmHg. Blood samples were taken from all

subjects under standardized conditions after an

overnight fasting period. We measured conventional

cardiovascular risk factors, such as lipids, lipopro-

teins, fasting glucose, glycohaemoglobin A1C

(HbA1C), total homocysteine, and hs-CRP. Forty-

nine cases and none of the controls were on lipid-

lowering medication. DNA was genotyped for a

hepatic lipase promoter polymorphism in all 482

study participants. All subjects provided informed

consent, and the protocol was approved by the

Review Committee.

DNA analyses

The single nucleotide polymorphism in the hepatic

lipase promoter at position )250 was detected by

polymerase chain reaction (PCR) followed by diges-

tion with the restriction enzyme DraI (Promega,

Mannheim, Germany), as previously described [13].

Briefly, the PCR was performed using the primers 5¢-
CCT ACC CCG ACC TTT GGC AG-3¢ and 5¢-GG GTC

CAG GCT TTC TTG G-3¢. The PCR product aliquot

was digested with DraI recognizing the )250A

mutation and an internal control site ()250G:

168bp, 161bp; )250A: 168bp, 116bp, 45bp).

DNA fragments were analysed by electrophoresis

on a 2% agarose gel. We amplified exon 1 of the

hepatic lipase with the primers 5¢-TAA GGA CTT

GTA TAC CCC A-3¢ and 5¢-AGG TCG ATT TAC AGA

AGT GC-3¢ and directly sequenced the PCR product

with nested IRD800 labelled primers by means of

the thermo sequenase sequencing kit (Amersham,

Cardiff, UK) and LICOR gel electrophoresis (MWG

Biotech, Munich, Germany) in 20 randomly selected

patients to confirm complete linkage disequilibrium

between the four single nucleotide polymorphisms at
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position )250, )514, )710 and )763 in our study

population (data not shown).

Statistical analyses

In order to detect a difference of allele frequency of

15% in a two-group chi-square test with a 0.05 two-

sided significance level and a power of 90%, we

estimated the population size to be about 240

individuals in each group. The assumption of

Hardy–Weinberg equilibrium was tested in the study

groups by means of gene counting and chi-square

test. Normally distributed quantitative values are

expressed as mean ± SD, not-normally distributed

variables as medians (25th–75th percentile). Differ-

ences in mean values between cases and controls

were determined by two-tailed Student’s t-test, those

of medians by the Mann–Whitney U-test. The chi-

square test was used to compare categorical varia-

bles. The a priori hypothesis of a relationship

between the hepatic lipase promoter genotypes and

PAD was tested using multivariate logistic regres-

sion with PAD as the dependent variable. Current

smoking, arterial hypertension, LDL cholesterol,

triglycerides, HbA1C, total homocysteine and hs-

CRP were included as covariates into the final

model. Covariate selection was based on significant

univariate differences and clinical relevance.

P < 0.05 was considered statistically significant.

Statistical analyses were performed using SPSS

version 11.5 (SPSS, Inc., Chicago, IL, USA).

Results

Of the 241 patients with symptomatic PAD, 211 had

mild to severe claudication or leg pain upon exer-

tion, and 30 had critical limb ischaemia. In this

series of PAD patients the frequencies of concomit-

ant coronary artery disease and cerebrovascular

disease were 71 (30%) and 41 (17%) respectively.

Furthermore, 52 patients with PAD exhibited inter-

nal carotid stenosis ‡50%. At enrolment, 65 patients

with PAD had undergone remote percutanous

transluminal angioplasty with or without stenting.

Fifty-one patients had undergone vascular surgery,

and seven patients had undergone minor amputa-

tions. By definition, none of the 241 control subjects

matched to the patients with PAD for sex and age

(±2 years) had coronary artery disease, or cerebro-

vascular disease, or an internal carotid stenosis

‡50%. The median ankle brachial pressure index in

patients with PAD was 0.62 (0.45–0.78), and 1.17

(1.09–1.28) in controls. As detailed in Table 1, the

prevalence of current smoking and arterial hyper-

tension was significantly lower in the control group.

Additionally, there was also a statistically significant

difference between cases and controls with respect to

their fasting glucose, HbA1C, lipid values, hs-CRP

and total homocysteine.

Genotyping of )250A polymorphism was per-

formed in all study subjects. The frequency for the

)250A allele in patients with PAD was 0.203,

whereas it was 0.147 in controls (Table 2). This

Table 1 Characteristics of study subjects

Characteristic Controls (n ¼ 241) Patients with PAD (n ¼ 241) P-value

Gender (M/F) 164/77 164/77 1.000c

Age (years) 69.3 ± 11.4 68.6 ± 11.8 0.463c

Body mass index (kg m)2) 25.9 ± 3.5 26.0 ± 3.9 0.908

Glycohaemoglobin A1C (%) 5.69 ± 0.42 5.86 ± 0.42 <0.001

Fasting glucose (mmol L)1) 5.20 ± 0.64 5.34 ± 0.62 0.017

Total cholesterol (mmol L)1) 5.66 ± 1.15 6.16 ± 1.24 <0.001

LDL cholesterol (mmol L)1) 3.60 ± 0.88 4.11 ± 1.13 <0.001

HDL cholesterol (mmol L)1) 1.40 (1.11–1.67) 1.35 (1.11–1.63) 0.388a

Triglycerides (mmol L)1) 1.27 (0.93–1.72) 1.48 (1.07–2.19) <0.001a

Total homocysteine (lmol L)1) 15 (13–19) 16 (13–21) 0.007a

hs C-reactive protein (mg L)1) 2.2 (0.9–6.7) 3.9 (1.8–7.7) <0.001a

Current smokingd (n) 30 100 <0.001b

Arterial hypertension (n) 89 128 <0.001b

Ankle brachial index 1.17 (1.09–1.28) 0.62 (0.45–0.78) <0.001a

PAD, peripheral arterial disease; LDL, low density lipoprotein; hs, high sensitivity; HDL, high density lipoprotein. Statistical test was

performed with Student’s t-test, Mann–Whitney U-testa and chi-square test for categorical valuesb. cMatched variables. dCurrent smoking

was defined as any amount of tobacco use including abstinence <1 year.
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difference was statistically significant with a P-value

of 0.022 calculated by the chi-square test. The

genotype distribution was in the Hardy–Weinberg

equilibrium. There was no significant interaction of

hepatic lipase )250A allele with total cholesterol,

LDL cholesterol and triglyceride levels in our study

population.

The preponderance of the )250A allele in PAD

patients was even more accentuated in the subgroup

of nonsmokers (A-allele frequency of 0.216 in cases

vs. 0.140 in controls) and in the subgroup of women

(0.208 in cases vs. 0.123 in controls).

Following the univariate analysis we performed a

multivariate logistic regression analysis. Numbers of

homozygous )250A patients were too low to be

evaluated separately. Therefore, we compared het-

erozygous and homozygous carriers of the )250A

allele to those with wild-type genotype. Table 3

shows the multivariate logistic regression analysis

for the presence of PAD in our population. The

hepatic lipase promoter polymorphism distribution

was an independent predictor of PAD after adjust-

ment for classical risk factors of atherosclerosis (P ¼
0.021). The odds ratio of the )250A hepatic lipase

allele for the PAD was 1.691 with a confidence

interval of 1.083–2.642, when adjusted for current

smoking, arterial hypertension, LDL cholesterol,

HDL cholesterol, triglycerides, HbA1C, total homo-

cysteine and hs-CRP.

Discussion

Previous data in patients with coronary heart

disease have suggested a pro-atherogenic role of

low hepatic lipase levels [12–14]. This is, to our

knowledge, the first study to extend these findings to

patients with PAD. The less frequent allele )250A is

independently associated with the presence of symp-

tomatic PAD. The odds ratio of 1.691 for PAD, and

is of similar magnitude as those reported for isch-

aemic heart disease [13, 14]. The lower rate of IDL

and LDL catabolism in the presence of lower hepatic

lipase levels may be insufficient to overcome the

negative effects of compromised reverse cholesterol

transport and of higher postprandial lipaemia. These

results extend previous data on the role of hepatic

lipase polymorphisms in atherosclerosis to the vas-

cular territory of the lower limbs and contrast,

thereby, with the findings of Faggin et al. [16] who

found a relative overrepresentation of the )514CC

wild-type polymorphism of the hepatic lipase gene in

patients with severe carotid artery stenosis.

The risk factor correlated most strongly with the

presence of PAD is cigarette smoking, as shown by

our data and others [19]. Although patients with

overt diabetes mellitus were excluded from our

study, we still found HbA1C to be a statistically

significant risk factor for PAD. This finding might

indicate the clinical relevance of impaired glucose

tolerance in the pathogenesis of atherosclerosis.

Interestingly, Zacharova et al. [20] recently found

the single nucleotide polymorphism )250A of the

hepatic lipase gene to be associated with conversion

from impaired glucose tolerance to type 2 diabetes.

Subgroup analysis of our study population

revealed that the association of the )250A allele of

the hepatic lipase with PAD was strongest in

nonsmokers and postmenopausal women. Further

Table 2 Hepatic lipase genotype distribution

)250

genotype

Controls

n ¼ 241 (100)

Patients with

PAD n ¼ 241 (100) P-valuea

GG 179 (74) 154 (64) 0.046

GA 53 (22) 76 (31)

AA 9 (4) 11 (5)

A-allele

frequency

0.147 0.203 0.022

Percentage values are given in parenthesis. aAs compared by chi-

square test.

Table 3 Multivariate logistic regression analysis for the presence

of PAD

Risk factor

Odds ratios of

PAD (95% CI) P-valuea

Current smokingb

(versus not)

7.07 (4.13–12.10) <0.001

Arterial hypertension

(versus not)

2.66 (1.72–4.13) <0.001

LDL cholesterol 1.62 (1.30–2.03) <0.001

Glycohaemoglobin A1C 2.80 (1.68–4.69) <0.001

Triglycerides 1.09 (0.90–1.33) 0.392

Total homocysteine 1.025 (0.999–1.052) 0.059

High sensitivity

C-reactive protein

1.005 (0.995–1.016) 0.290

)250A allele (GA + AA

versus GG)

1.691 (1.083–2.642) 0.021

CI, confidence interval; PAD, peripheral arterial disease. aMulti-

variate odds ratios were calculated with logistic regression ana-

lysis without variable selection technique (all variables were

included simultaneously into the model). Inasmuch as patient and

control groups were matched for age and sex, these variables were

not included into the analysis. bCurrent smoking was defined as

any amount of tobacco use including abstinence <1 year.
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studies are needed to verify whether these post hoc

subgroup analyses were merely due to selection bias.

However, these data parallel findings by Fan et al.

[21] that postmenopausal women with the less

common )514T allele had a faster atherosclerosis

progression and took advantage of hormone replace-

ment therapy, whereas women with the wild-type

genotype did not benefit from such a therapy.

A limitation of the present study may be the fact

that the study design was cross-sectional and that

the study population was a selected subgroup of the

overall population of PAD as described in the

Methods section (Caucasian patients admitted for

inpatients diagnostics and treatment of atheroscler-

otic PAD). Thus, the findings cannot be generalized

to non-Caucasian patients, asymptomatic patients

with PAD or patients who do not meet criteria for

hospitalization.

Taken together, these data highlight hepatic

lipase promoter variation as a risk factor of PAD,

and add more information to the complex interplay

of genetic and environmental risk factors in the

pathogenesis of atherosclerosis.
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