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ABSTRACT To assess the risk of venous thromboembolism (VTE) associated with hyperhomocystein-
aemia (hyper-Hcy) and hyperlipidaemia, we performed a case–control study. Fasting total homocysteine
(Hcy), triglyceride and cholesterol levels were assessed in 43 patients with VTE and 43 controls. Mean Hcy
level was significantly higher in the test group. Odds ratio (OR) for VTE in patients with hyper-Hcy was 2.7,
with the association stronger in women and those under 50. The OR for those with both hypertriglycer-
idaemia and hypercholesterolaemia was significantly greater in those under 50. Increased risk for venous
thrombosis was found among those under 50 having both lipid abnormalities.

L’hyperhomocystéinémie, l’hyperlipidémie et le risque de thromboembolie veineuse à Chiraz (Ré-
publique islamique d’Iran)
RESUME Nous avons réalisé une étude cas-témoins afin d’évaluer le risque de thromboembolie veineuse
associé à l’hyperhomocystéinémie et à l’hyperlipidémie. Les taux d’homocystéine totale, de triglycérides et
de cholestérol à jeun ont été mesurés chez 43 patients présentant une thromboembolie veineuse et chez
43 témoins. Le taux moyen d’homocystéine était significativement plus élevé dans le groupe expérimental. Le
risque relatif de thromboembolie veineuse chez les patients atteints d’hyperhomocystéinémie était de 2,7 ;
l’association était plus forte chez les femmes et les personnes de moins de 50 ans. Le risque relatif pour ceux
qui présentaient à la fois une hypertriglycéridémie et une hypercholestérolémie était significativement plus
élevé chez les moins de 50 ans. Un risque accru de thrombose veineuse a été constaté chez les moins de
50 ans porteurs des deux anomalies lipidiques.
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Introduction
Most case–control studies have suggested
that hyperhomocysteinaemia (hyper-Hcy)
is a risk factor for venous thromboembo-
lism. Also, hyperlipidaemia is implicated in
the development of venous thrombosis. To
assess the risk of venous thromboembo-
lism (VTE) associated with these factors in
our population, we performed a case–con-
trol study.

The development of venous thrombosis
is a dynamic and multifactorial process.
Conventional risk factors such as surgery
do not account for all cases, and only a
fraction of those with these risk factors
develop VTE [1–3]. There is considerable
epidemiological evidence from retrospec-
tive studies linking mild to moderate hyper-
Hcy and VTE, however, no prospective
study has demonstrated such a relationship
except for idiopathic VTE in men [4]. The
controversy surrounding the role of hyper-
lipidaemia in the development of VTE is
even more prominent [5], and may be relat-
ed to the small number of studies that have
been carried out up to now.

In our study, we evaluated the relation-
ship between mild to moderate hyper-Hcy
and VTE in hospitalized patients, consider-
ing the possible genetic differences be-
tween the general population of the Islamic
Republic of Iran and other populations. We
also investigated the relationship between
hyperlipidaemia and VTE.

Methods
In a case–control study, all patients diag-
nosed with VTE and subsequently admitted
to hospitals affiliated to the University of
Shiraz were invited to take part in this
study, which was conducted from May to
September 2001. Overt cancer, history of
atherosclerosis, known inherited or ac-

quired hypercoagulable states and abnor-
mal renal function tests were exclusion cri-
teria. None of the cases were using vitamin
supplements.

VTE was diagnosed by the following
methods:
• for deep vein thrombosis, duplex ultra-

sonography;
• for pulmonary embolism, combination

of compatible medical presentation,
echocardiography and ventilation-
perfusion scan;

• for clot in the inferior vena cava, Dop-
pler sonography or computed tomogra-
phy with venous phase contrast.
We matched each of the 43 cases in the

study group to one control according to
both sex and age within 5 years. Controls
were randomly selected from a large sam-
ple of healthy adults who were participating
in an ongoing national osteoporosis risk
survey in Shiraz, Iran. No specific medical
history, including history of VTE or vitamin
supplementation was available for controls.
After fasting for 10 hours, two separate
blood samples were collected from each
subject, one of them anticoagulated with
EDTA. The plasma and serum were sepa-
rated within one hour of venepuncture and
frozen and stored at –20 °C until time of
analysis.

Plasma total homocysteine (Hcy) was
assessed by enzyme immunoassay (DRG
Instruments GmbH, Marburg, Germany)
essentially according to the method of
Frantzen et al [6]. Serum triglycerides and
cholesterol were measured by an enzymat-
ic colorimetric method [7,8].

We used the t-test for comparing the
mean values of plasma total Hcy, serum
triglycerides and cholesterol of patients and
controls. A two-sided P-value of less than
5% was considered statistically significant.
The cut-off point for defining hyper-Hcy
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was the upper limit of the laboratory refer-
ence range (15 µmol/L). Hypertriglycer-
idaemia and hypercholesterolaemia are
defined as a fasting serum level ≥ 200 mg/
dL [9]. Conditional and unconditional logis-
tic regression analyses for matched and un-
matched data respectively were used for
calculating the crude odds ratio (OR) as
estimates of relative risk. Data were analy-
sed using SPSS, version 9 and Egret soft-
ware (Egret Software Corporation, Seattle,
Washington).

Results
The characteristics of the patients and con-
trols are shown in Table 1. The mean ages
of the patients and the controls were 47.1
(range 16–89) years and 45.2 (range 19–
86) years respectively. Sex distribution was
equal in both groups.

Most cases had deep-vein thrombosis
of the lower extremities (88.4%). A minor-
ity of them had pulmonary embolism
(4.7%), deep-vein thrombosis of upper ex-
tremities (4.7%) or clot in the inferior vena
cava (2.3%). For the majority of cases
(79.1%) we found one or more predispos-
ing factors, including minor events such as
a prolonged trip and minor surgery [10].

In the 43 cases, the mean (± standard
deviation) total Hcy level was significantly
higher than for the controls (20.2 ± 6.3
µmol/L versus 17.0 ± 5.7 µmol/L respec-
tively, P = 0.015). The difference in mean
serum triglyceride between cases and con-
trols was not statistically significant (144.5
±76.5 mg/dL versus 161.6 ± 90.5 mg/dL
respectively, P = 0.29). The cholesterol
level was significantly higher in the control
group compared with the patient group
(205.3 ± 46.6 mg/dL versus 182.1 ± 55.1
mg/dL respectively, P = 0.026) (Table 1).

Thirty-four patients (79.1%) had fast-
ing total Hcy level above the cut-off point
of 15 µmol/L compared with 25 (58.1%) in
the control group (OR 2.70, 95% CI: 1.10–
7.10). For patients aged below fifty years
the OR was 3.60 (95% CI: 1.10–11.25)
while for those aged 50 and over it was
lower (OR = 1.60, 95% CI: 0.20–11.30).
The OR for women was higher than for
men (4.20, 95% CI: 1.00–17.30 versus
1.90, 95% CI: 0.50–6.97). The calculated
ORs for these and other subgroups are
shown in Table 2.

In the control group we determined the
90th percentile of distribution of Hcy mea-
surements as 24.2 µmol/L, and redefined
hyper-Hcy as anything above this. From
the analysis of data using this cut-off point
we obtained an OR of 2.53 (95% CI: 0.73–
9.14) (Table 2).

When we stratified the Hcy measure-
ments of both patients and controls into
quartiles and calculated OR for thrombosis
in the patients at the three highest levels as
compared with those at the lowest level
[11], the risk of thrombosis increased grad-
ually with increasing Hcy concentrations
(Table 3).

Eleven (25.6%) patients had hypertrig-
lyceridaemia compared with 9 (20.9%) in
the control group. The OR was 1.30 (95%
CI: 0.47–3.55). Although the calculated
ORs for women (2.46, 95% CI: 0.51–
11.80) and those < 50 years (2.42, 95% CI:
0.63–9.30) showed a trend toward in-
creased risk, they were not statistically sig-
nificant (Table 4).

Hypercholesterolaemia was seen in 16
(37.2%) patients but in 23 (53.5%) con-
trols. The computed OR was 0.52 (95%
CI: 0.22–1.22). In subgroup analysis, no
significantly increased risk was detected
(Table 4).
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Table 1 Characteristics of cases and controls

Characteristic Cases (n = 43) Controls (n = 43)

Age, years (mean ± s) 47.1 ± 18.1 45.2 ± 16.9

Age range, years 16–89 19–86

Female:male ratio 24:19 24:19

Recurrent venous thromboembolism,
No. (%) 7 (16.3) NA

Predisposing factors for venous
thromboembolism, No. (%) 34 (79.1) NA

Trauma, No. (%) 7 (16.3) NA

Immobilization, No. (%) 9 (20.9) NA

Estrogen relateda, No. (%) 6 (14.0) NA

Recent surgery, No. (%) 1 (2.3) NA

Previous deep-vein thrombosis,
No. (%) 2 (4.7) NA

Minor events,b No. (%) 9 (20.9) NA

Fasting plasma total homocysteine,
µmol/L (mean ± s) 20.2 ± 6.3 17.0 ± 5.7

Fasting serum triglycerides, mg/dL
(mean ± s) 144.5 ± 76.5 161.6 ± 90.5

Fasting serum cholesterol, mg/dL
(mean ± s) 182.1 ± 55.1 205.3 ± 46.6

aUsing oral contraceptive pill or estrogen, pregnancy and postpartum period.
bMinor surgery, prolonged trip or sitting.
NA = not applicable.
s = standard deviation.

Finally, 10 (23.3%) patients had both
abnormally high levels of triglyceride and
cholesterol compared with 7 (16.3%) of
the 43 controls with OR of 1.60 (95% CI:
0.50–4.60). In subgroup analysis OR of
5.30 (95% CI: 1.004–27.70) for those < 50
years and 2.46 (95% CI: 0.50–11.80) for
female patients were computed (Table 4).

Discussion
This case–control study identified hyper-
Hcy as a risk factor for VTE in the general
Iranian population, a finding seen when we

used either the upper reference laboratory
value or the 90th percentile of the control
group as the cut-off point. The prevalence
of mild to moderate hyper-Hcy is estimated
to be 5%–7% in the general population [12–
14] and even higher in the older population
[15]. These facts, in addition to a high
prevalence of VTE, its lethality and the
magnitude of resources needed for detec-
tion, treatment and prevention of VTE,
make our finding (OR = 2.6–2.7) more
clinically significant.

In addition, we found a higher OR for
those in the younger age group compared
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Table 2 Odds ratios for thrombosis associated with
hyperhomocysteinaemia, according to age and sex

Age group Odds ratio (95% CI)
Hcy level > 15.00 µmol/La Hcy level > 24.20 µmol/Lb

< 50 years
Men 1.87 (0.39–9.01)   1.64 (0.23–11.70)
Women   7.50 (1.31–43.03)   1.65 (0.23–11.99)
Both sexes   3.60 (1.10–11.25) 1.64 (0.40–6.63)

≥ 50 years
Men   2.25 (0.20–29.77) NC
Women   1.00 (0.05–20.83) NC
Both sexes    1.60 (0.20–11.30) NC

All ages
Men 1.90 (0.50–6.97)   2.89 (0.50–16.67)
Women   4.20 (1.00–17.30)   2.27 (0.36–14.18)
Both sexes  2.70 (1.10–7.10) 2.58 (0.73–9.14)

aUpper limit of laboratory reference range.
b90th percentile of control distribution.
CI = confidence interval.
NC = could not be calculated due to missing data.

Table 3 Odds ratios for thrombosis according to plasma
homocysteine level

Homocysteine Cases Controls Odds ratio
level (µmol/L) No. (n = 43) No. (n = 43) (95% CI)

< 15 9 18             1a

15–19 12 14 1.71 (0.56–5.20)

20–23 11 6 3.67 (1.02–13.10)

> 23 11 5 4.40 (1.17–16.57)

aReference category, odds ratio = 1.

with the older individuals. This was com-
patible with observations of the other stud-
ies generally [1], and specifically with the
fact that homocystinuria presents with ear-
ly onset thromboembolic events [12].

To explore the possibility of a dose–
response relationship, we stratified the pa-
tients and controls according to their Hcy
concentrations. An increasing OR with in-

creasing Hcy concentration was observed.
As with cholesterol in the pathogenesis of
atherosclerosis, a graded response rather
than a threshold effect may also be possible
for hyper-Hcy in the genesis of arterial and
venous thrombosis, [16–19] although at
least one study showed a different infer-
ence [20].
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It is also important to address the poten-
tial strengths and limitations of our study.
We used enzyme immunoassay (EIA) for
determining the Hcy level instead of high-
pressure liquid chromatography (HPLC).
Although HPLC is a very precise method, it
is expensive, time consuming and needs
trained staff and special facilities which are
not available everywhere. Moreover, recent
studies have confirmed the precision and
reliability of EIA for measuring Hcy levels
[6,21,22], with some studies favouring EIA
over HPLC for use in the clinical laboratory
[21]. So our results are comparable with
those that would be obtained by HPLC. We
could not exclude the possibility of the
presence of other established inherited
thrombophilia and calculate the risk in their
absence or presence to explore the inde-
pendence of hyper-Hcy as a causative fac-
tor in VTE. We did not take into account
vitamin deficiency or vitamin supplementa-
tion, factors known to affect Hcy levels.

Vitamin supplementation is not frequently
used in our country, fruits and vegetables
are preferred, however, lack of vitamin
supplementation may explain the higher
level of Hcy found in our healthy control
group compared with those obtained for
the United States of America and Western
European countries [12,13]. In our study,
confounding variables such as the presence
of overt malignancy or renal failure were
excluded, a correction which has not been
done in most studies.

We did not have any information on the
occurrence of a previous VTE or athero-
sclerotic event in our control group or their
renal function status. The presence of any
such factors would lead to an underestima-
tion of true risks.

Several lines of evidence suggest that
Hcy level has a cause and effect relation-
ship with venous thrombosis and is not
simply a marker for another risk factor

Table 4 Odds ratios for thrombosis associated with different classes of
hyperlipidaemia according to age and sex

Age group Odds ratio (95% CI)
Hypercholesterolaemiaa Hypertriglyceridaemiab Bothc

< 50 years
Men 0.74 (0.16–3.39) 1.00 (0.16–6.10) 3.50 (0.30–39.10)
Women 1.00 (0.20–4.67) 7.50 (0.73–76.80) 7.50 (0.70–76.80)
Both sexes 0.86 (0.29–2.51) 2.42 (0.63–9.30) 5.30 (1.004–27.70)

≥ 50 years
Men 0.07 (0.01–0.80) 0.58 (0.07–4.60) 0.26 (0.02–3.06)
Women 0.50 (0.05–5.15) 0.40 (0.02–6.17) 0.40 (0.03–6.20)
Both sexes 0.20 (0.04–0.91) 0.50 (0.09–2.62) 0.30 (0.05–1.90)

All ages
Men 0.33 (0.10–1.13) 0.79 (0.20–3.04)       1 (0.22–4.56)
Women 0.81 (0.23–2.90) 2.46 (0.51–11.80) 2.46 (0.50–11.80)
Both sexes 0.52 (0.22–1.22) 1.30 (0.47–3.55) 1.60 (0.50–4.60)

aCholesterol ≥ 200 mg/dL.
bTriglycerides ≥ 200 mg/dL.
cCholesterol ≥ 200 mg/dL and triglycerides ≥ 200 mg/dL.
CI = confidence interval.
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[12]. Endothelial dysfunction has been im-
plicated as the major underlying mecha-
nism by which Hcy exerts its deleterious
effect [23]. It may be caused by oxidative
damage promoted by Hcy [23], loss of an-
tithrombotic function of endothelium by
enhancing the activities of coagulant fac-
tors [24,25] or depressing the levels of
heparan sulfate [26] and thrombomodulin
[27] and impairing the production of nitric
oxide as a relaxing factor for both conduit
and resistance vessels [28].

Our findings in this retrospective study
do not support the hypothesis that hyperlip-
idaemia plays a role in the pathogenesis of
VTE. No significant difference in the risk
of developing the condition was seen be-
tween those with and those without hy-
perlipidaemia, although those who were
younger than 50 years showed a signifi-
cantly increased risk of developing VTE in
the presence of both hypercholesterolaemia
and hypertriglyceridaemia.

Kawasaki et al., in two separate case–
control studies, showed the interrelation
between hyperlipidaemia and hypercholes-
terolaemia among an Asian population
[29,30]. In their prospective study, Gold-
haber and colleagues found no associated
increased risk for pulmonary embolism in
the presence of hypercholesterolaemia
[31]. Evaluating risk factors for VTE
among women, McColl et al. observed a
lower cholesterol level among cases versus
controls [32]. The small number of these
studies, in addition to their conflicting re-
sults, mandates more deliberation.

There are several sources of bias in the
current study, one of them being the collec-

tion of specimens from our patients during
hospital treatment, as we could not assure
continuous follow-up out of hospital.
Specimen collection remote from the initial
VTE event may be important, since choles-
terol is known to decrease in the presence
of acute vascular events such as myocar-
dial infarction or VTE [33,34], potentially
introducing a negative confounding effect
between VTE and cholesterol. On the other
hand, stressful events such as myocardial
infarction may increase the triglyceride lev-
el [33] (even up to 1 year after the event),
thus exerting a positive confounding effect
between triglyceride and VTE.

In summary, we found that hyper-Hcy
may be a risk factor for VTE in the general
population of the Islamic Republic of Iran,
similar to populations of the United States
and Western European countries. A similar
finding was not seen for hyperlipidaemia
except for a significantly increased risk for
younger patients with both lipid abnormali-
ties. Unlike the other thrombophilic disor-
ders, a simple, safe therapy using pyri-
doxine, folic acid  and vitamin B12 is avail-
able for hyper-Hcy [35]that may prove ef-
fective in the primary and secondary
prevention of VTE in future studies. Due to
the benign nature of this therapy, it can be
offered to those with VTE and hyper-Hcy,
while waiting for more evidence from fur-
ther clinical trials.
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