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Increased levels of homocysteine in patients with ulcerative
colitis
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multivariate regression analysis was performed, it was
seen that folic acid deficiency was the only risk factor
for hyperhomocysteinemia. Frequencies of thromboembolic complications were not statistically significantly different in UC and control groups. When those
with and without a thrombosis history in the UC group
were compared according to Hcys levels, it was seen
that there were no statistically significant differences.
A negative linear relationship was found between folic
acid levels and Hcys.
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Abstract
AIM: To investigate serum levels of homocysteine (Hcys)
and the risk that altered levels carry for thrombosis development in ulcerative colitis (UC) patients.
METHODS: 55 UC patients and 45 healthy adults were
included. Hcys, vitamin B12 and folic acid levels were
measured in both groups. Clinical history and thromboembolic events were investigated.

INTRODUCTION
Inflammatory bowel diseases (IBD) are chronic disorders
of unknown etiology characterized by destructive inflammation of the gastrointestinal tract, acute exacerbations
and remission periods. IBD is exemplified by two major
groups of diseases. These include ulcerative colitis (UC)
and Crohn’s disease (CD). These two diseases are indistinguishable in 10%-15% of IBD patients. This is termed

RESULTS: The average Hcys level in the UC patients
was 13.3 ± 1.93 μmmol/L (range 4.60-87) and was
higher than the average Hcys level of the control group
which was 11.2 ± 3.58 μmmol/L (range 4.00-20.8) (P
< 0.001). Vitamin B12 and folic acid average values
were also lower in the UC group (P < 0.001). When
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Indeterminate Colitis (IC)[1]. Patients with IBD are at
increased risk of experiencing thromboembolic complications. The incidence of arterial and venous thromboembolic diseases has been reported to be 1%-8% in UC and
CD, however some autopsy studies have reported this
incidence to be as high as 39%[2,3]. In the study of Bernestein et al[4], the risks of deep vein thrombosis and pulmonary emboli were found to be 3 times higher than that of
the general population. In addition, venous thrombosis
occurs earlier in IBD patients compared to the general
population[5]. Thromboembolism is a multifactorial condition. Studies have indicated a state of hypercoagulability
involving all the components of the coagulation system in
patients with UC[6-8]. The exact etiology and pathogenesis
of hypercoagulability have not been explained, however it
is widely accepted that this condition is associated with acquired or genetic defects of the coagulation system and the
procoagulant effect of proinflammatory cytokines[9-14]. This
hypercoagulability increases the risk of thromboembolic
events and has a role in the pathogenesis of UC via formation of microthrombi in the intestinal microcirculation[15,16].
Homocysteine (Hcys), which was first defined in 1932
by Butz and Vigneaud, is a sulphur-containing amino
acid synthesized during transformation of methionine
to cysteine in methionine metabolism[17]. Mild hyperhomocysteinemia occurs in about 5%-7% of the general
population[18-24]. Increased Hcys levels are due to enzyme
abnormalities in metabolic pathways or to nutritional deficits, including folate and vitamin B2, B6 and B12 deficiencies[25,26]. The exact relationship between hyperhomocysteinemia and induction of thrombosis is unknown, however,
a state of hypercoagulability resulting from endothelial
dysfunction has been blamed[26,27].
Vitamin B12 and folic acid deficiencies due to malnutrition, malabsorption and antifolate medications including methotrexate and sulphasalazine are quite common
in IBD. The deficiency of these key nutrients leads to
increased Hcys levels in IBD. Several recent studies have
reported increased Hcys levels in IBD[28-33]. The objective
of this study was to determine levels of homocysteine, folic acid and vitamin B12 in patients with UC; to compare
these data with those of a healthy control group; and to
investigate the relationship between homocysteine levels
and disease activation, thromboembolic complications,
localization of disease, and levels of folic acid and vitamin
B12.

disease. Biopsy samples were obtained for histopathologic
examination when necessary. Rachmilewitz Endoscopic
Activity Index was used to determine the degree of endoscopic activity[34]. Clinical activity index was determined
according to Truelove and Witts criteria[35].
Current complaints, duration of disease, extraintestinal symptoms, smoking status, history of thromboembolic events (deep vein thrombosis, pulmonary emboli,
myocardial infarction, stroke and peripheral arterial obstruction) and medications were recorded. Patients with
any other systemic disorders including diabetes mellitus,
hyperthyroidism, chronic liver and renal disease, and history of cancer, as well as patients on vitamin B12, folic
acid and oral multivitamin supplements, were excluded
from the study.
A detailed clinical history was obtained from all patients regarding any previous events of arterial or venous
thrombosis. A total of 3 subjects (5.5%) had history of
arterial and venous thromboembolic events. Two of these
(3.63%) were peripheral deep vein thrombosis, and 1
(1.81%) was myocardial infarction (deep vein thrombosis
was diagnosed using Doppler USG, and myocardial infarction using ECG and cardiac enzymes).
A healthy control group was composed of patients
with similar age and sex distribution, and without any
metabolic, neoplastic or inflammatory diseases or any
history of thromboembolic diseases. The healthy control
group consisted of a total of 45 healthy individuals [31
males, 14 females; mean age (± SD) 46.4 ± 13.89, age
range 20-77 years].
Blood samples
Blood samples were obtained from all patients following
12-h fasting and these samples were used for complete
blood count, sedimentation rate, C reactive protein
(CRP), routine biochemical analysis (including total cholesterol, triglycerides, LDL cholesterol, VLDL cholesterol), thyroid function tests, folic acid, vitamin B12, homocysteine level examinations. Biochemical parameters
were measured using standard methods. Serum levels of
folic acid and vitamin B12 were measured using chemiluminescent microparticle immunoassay (CMIA) (Abbott
System). Serum homocysteine levels were measured with
high pressure liquid chromatography (HPLC) (Betamed,
Agilent 1100 series, Chromosystems Reagent Kit).
Statistical analysis
Data were analyzed using SPSS 11.5 package software.
Definitive statistics were indicated as mean ± SD or
median (minimum-maximum) in continuous variables,
whereas categorical data were expressed as number of
observations (%). Presence of any significant differences
between case and control groups in terms of measure
ments was evaluated using Mann Whitney U test. In
contrast, Kruskal Wallis was used to determine any signifi
cant differences between treatment types, clinical activity
index and localization groups in terms of Hcys levels.
Spearman correlation test was used to determine the asso

MATERIALS AND METHODS
Subjects
A total of 55 UC patients [38 males, 17 females; mean age
(± SD) 47.4 ± 13.80, age range 20-78 years] were recruited in the study. The patient group consisted of patients
followed up and treated for IBD at the outpatient clinic
between the dates March 2006 and January 2007. Diagnosis of UC was established using clinical, endoscopic
and histological criteria. All patients underwent appropriate endoscopy (colonoscopy or rectosigmoidoscopy) to
determine endoscopic activity indices and localization of
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Table 1 Demographic features of UC and control groups
Patients with UC Healthy controls
(n = 55)
(n = 45)
Mean age (yr ± SD)
Gender (male/female)
Smoking status (%)
Localization (%)
Rectum/sigmoid
Left colitis
Pancolitis
Activity of UC (%)
Active
Inactive
Medical treatment (%)
5-ASA
Steroids
AZA

47.4 ± 13.80
38/17
17 (30.9)

46.4 ± 13.89
31/14
15 (33.3)

Table 2 Hcys, folic acid and vitamin B12 levels in UC and
control groups (95% CI)
P
Patients (n = 55) Controls (n = 45)

0.484
0.983
0.796

Hcy (μmol/L)
Folic acid (ng/mL)
Vitamin B12 (pg/mL)
Thromboemboli

34 (61.8)
12 (21.8)
9 (26.4)

11.3 ± 3.58
6.3 ± 0.87
327.4 ± 73.90
0 (0%)

< 0.001
< 0.001
< 0.001
0.250

Table 3 Correlation between Hcys and other variables among
patients with UC

28 (50.9)
27 (49.1)
41 (74.5)
3 (5.5)
11 (20.0)

Disease duration
Folic acid
Vitamin B12
CRP
Clinical activity index

UC: Ulcerative colitis; ASA: Aminosalicylic-acid; AZA: Azathioprine.

ciation of Hcys levels and duration of disease, clinical
activity index, vitamin B12, folic acid and CRP. χ 2 or
Fisher’s exact test was used for categorical comparisons. A
P level of < 0.05 was accepted for statistical significance.

Relationship coefficient

P

0.105
-0.311
-0.146
0.244
0.115

0.447
0.021
0.288
0.073
0.403

of these (3.63%) were peripheral deep vein thrombosis
and 1 (1.81%) was myocardial infarction (diagnoses were
established using Doppler USG for deep vein thrombosis and ECG plus cardiac enzymes for myocardial
infarction). The UC group did not differ from control to
a statistically significant degree (P = 0.250). These three
patients had normal Hcys levels.
No directly proportional relationship was determined
in the UC group between homocysteine levels and
disease duration, vitamin B12, CRP and clinical activity index; however, there was a negatively proportional
relationship found between folic acid and homocysteine
levels (r = -0.311 and P = 0.021) (Table 3).
There were no statistically significant differences
within the disease localization groups of UC in terms of
homocysteine levels (P = 0.096). Additionally, there were
no statistically significant differences within the clinical
activity index groups of UC in terms of homocysteine
levels (P = 0.698). Similarly, there were no statistically
significant differences within the treatment groups of
UC in terms of homocysteine levels (P = 0.695).

RESULTS
Fifty-five patients with UC were recruited into the study.
Patients consisted of 38 (69.1%) males, 17 (30.9%) females
and mean age was 47.4 ± 13.80 years with a range between
20-78 years. Forty-five healthy individuals were recruited
in the control group, consisting of 31 (68.9%) males, 14
(31.1%) females, with a mean age of 46.4 ± 13.89 years,
range between 20-77 years. Groups did not differ statistically significantly in terms of age, sex and smoking status (P
= 0.484, P = 0.983, P = 0.796, respectively).
Analysis of distribution of disease localizations in the
UC group indicated that 34 (61.8%) patients had distal
involvement, 12 (21.8%) patients had left colitis and 9
(16.4%) had pancolitis. Clinical activity indices of patients
in the UC group showed that mild, moderate and severe cases were 28 (50.9%), 21 (38.2%) and 6 (10.9%) in
number. Analysis of current treatment indicated that 41
patients (74.5%) received 5-ASA, 11 (20%) received azothioprine and 3 (5.5%) received corticosteroid treatment
(Table 1).
Mean homocysteine level was 13.3 ± 1.93 μmol/L
(range 4.60-87) in the UC group and 11.2 ± 3.58 μmol/L
(range 4.00-20.8) in the control group (P < 0.001). Mean
serum folic acid level was 5.1 ± 2.19 ng/mL (range
1.90-10.90) in the UC group and 6.3 ± 0.87 ng/mL (range
5-10) in the control group (P < 0.001). Mean level of vitamin B12 was 250.4 ± 82.49 pg/mL (range 96-505) in the
UC group and 327.4 ± 73.90 pg/mL (range 200-482) in
the control group (P < 0.001).
Thromboembolic events had similar prevalence in
UC and control groups and did not differ statistically
significantly in this respect (P = 0.250) (Table 2). It was
determined that a total of 3 (5.5%) subjects had a history of arterial and venous thromboembolic events. Two
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13.3 ± 1.93
5.1 ± 2.19
250.4 ± 82.49
3 (5.5%)

P

DISCUSSION
Studies have shown that the risks of deep vein thrombosis
and pulmonary emboli are three times higher in patients
with IBD compared to the general population[4]. The exact pathogenesis of thromboembolism is not known and
considered to be multifactorial[36-38]. Moderate hyperhomocysteinemia (hHcy) has been shown to be one of the
independent risk factors associated with development of
arterial and venous thrombosis[24,39-44].
Elevated Hcys might be due to genetic factors (MTHFR mutation), nutritional factors (deficiencies of folic
acid, vitamin B6, vitamin B12) or medications (salazopyrin,
methotrexate, corticosteroids)[28,45]. The most common
cause of hHcy has been found to be folic acid deficiency
in patients with UC[31,46,47].
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Several previous studies also reported higher Hcys levels in patients with UC[28-33,45,48,49]. In our study, serum Hcys
levels were higher in patients with UC than in healthy
controls. Increased Hcys levels were negatively correlated
with lower vitamin B12 and folic acid levels. However,
multivariate regression analysis demonstrated that decreased folic acid levels were the most significant parameter in determining increased Hcys levels. In a similar study
by Mahmut et al[28], increased Hcys levels were found to
be associated particularly with folic acid deficiency. Hcys
levels were observed to decrease following folate replacement and the authors recommended that folic acid levels
should be determined and prophylactic folate treatment
should be initiated in all patients with IBD. Zezoz et al[50]
performed a similar study and found that the prevalence
of increased Hcys was higher in the UC group compared
to the control group (prevalence of Hcys was 30% in UC
patients and 10% in control group). Statistical analysis
showed that male sex, decreased folic acid and vitamin
B12 levels were indicators of hHcy in patients with UC
and that decreased folic acid levels were the most important factor. In our study also, decreased folic acid level was
found to be the most important indicator of hHcy.
Folic acid deficiency might be associated with several
factors in patients with IBD. These include inadequate
intake, increased consumption or folate malabsorption
in patients using medications, including particularly
sulphasalazine (SASP)[30]. In the study of Zezos et al[50],
one patient who was receiving SASP was found to have
increased Hcys levels. An antifolate effect of SASP has
also been demonstrated in other studies[28,29]. Only one
patient was receiving SASP in our study and this patient
had low folic acid and high Hcys levels.
Vitamin B12 levels were found to be decreased in our
UC group compared to our control group; however this
finding did not attain statistical significance. Studies have
shown normal vitamin B12 levels among patients with increased Hcys levels[32,47]. The study of Romagnuolo et al[32]
performed with regard to this issue has indicated that the
prevalence of hHcy was 15.4% in IBD patients and that
80% of these patients had normal vitamin B12 levels.
These authors suggested that there could be significant
deficiency of vitamin depots or subclinical vitamin B12
deficiency in IBD patients with increased homocysteine
and normal serum vitamin levels. In the study by Lambert
et al[47], vitamin B12, B6 and folate deficiencies were determined as the most sensitive indicators of hHcy. These
authors also suggested that subclinical vitamin deficiencies
or intracellular vitamin deficiencies heralded vitamin deficiencies in circulation and that multivitamin (including folate) supplements were effective in decreasing Hcys levels.
Similar to several previous studies, we found that hHcy
did not correlate with disease activation, localization and
medications[28,29,31,33]. However, some studies have shown a
statistically significant relationship between disease activation and hHcys and reported that Hcys levels were markedly higher in patients with active disease compared to
those with inactive disease[49,51].
Two recent studies have investigated Hcys levels in
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colon mucosa and aimed to discover the role of Hcys in
the pathogenesis of UC[52,53]. Morgenstern et al[52] obtained
biopsy samples from transverse colon and sigmoid or descending colon mucosa of 11 UC and 5 CD patients and
examined these samples using high performance liquid
chromatography (HPLC). Concentrations of Hcys were
found to be higher in the UC and CD patients compared
to healthy individuals. This study is the first to demonstrate
elevated Hcys levels in human colon mucosa. No statistically significant differences were determined between Hcys
levels, and disease activation or current treatment (particularly those receiving and not receiving sulphasalazine)
in IBD patients. Interestingly, patients with other chronic
inflammatory bowel diseases had normal Hcys levels; and
patients with history of colorectal cancer had higher Hcys
levels in colon mucosa compared to the normal[52]. The incidence of colon cancer among patients with UC is about
8 times higher than sporadic colon cancer. Hcys has mitogenic and proliferative features[54]. Elevated Hcys levels
have been reported to be a risk factor for carcinogenesis[52].
In their study, Danese et al[53] measured both plasma
and colon mucosal Hcys levels concomitantly in patients
with IBD. They reported that Hcys levels were increased
in both plasma and colonic mucosa of patients with UC
and CD and suggested that Hcys could have a proinflammatory role in IBD. Similar to our study, this investigation
did not determine any correlation between Hcys levels
and disease activation or medications. A negative correlation was determined between circulatory and mucosal
Hcys levels and folic acid levels, emphasizing the necessity
of folic acid supplementation in patients with IBD[53].
Large retrospective studies have shown the rate of
thromboembolic complications in patients with IBD to be
between 1.3%-6.4%[55,56]. Oldenburg et al[29] reported that
the rate of complications in a total of 231 patients with
IBD was 5.7% in those with CD, and 9.0% in those with
UC. Comparison of patients with and without venous
thrombosis did not yield any statistically significant difference with regard to Hcys concentration. They suggested
that hHcy did not influence the prevalence of thrombosis
in patients with IBD; but that thrombosis developed secondary to multifactorial phenomena. These authors also
suggested that hHcy could contribute to the pathogenesis
of thromboembolic events in some of these patients[29].
Papa et al[33] reported the rate of thromboembolic
complications to be 9.4% (6 patients) in 39 UC and 25
CD patients. There was hHcy in 2 of these patients. There
was no statistically significant difference compared to the
control group. Additionally, no statistically significant differences were found in Hcys levels in the within group
comparison of IBD patients with regard to history of
previous thromboembolic events[33]. In our study there
were 3 patients with history of thromboembolic events
and no statistically significant differences were present
compared to the control group. We concluded that hHcy
is not the major factor contributing to the development
of thromboembolic complications; and that multifactorial
etiology was more relevant.
In conclusion, hyperhomocysteinemia is a common
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phenomenon in patients with IBD. Vitamin deficiencies should be determined in all patients with IBD and
folate and vitamin B complex supplementations should
be included in their treatment. In our study, we could not
find any correlation between Hcys levels and history of
arterial and venous thrombosis. Further studies should be
performed to investigate the multifactorial etiology in the
development of thromboembolic events in patients with
IBD.

4

5
6

7

COMMENTS
COMMENTS

8

Background

Patients with inflammatory bowel diseases (IBD) are at increased risk of experiencing thromboembolic complications. Studies have indicated a state of
hypercoagulability involving all the components of the coagulation system in
patients with ulcerative colitis (UC). The exact etiology and pathogenesis of
hypercoagulability have not been explained, however, it is widely accepted that
this condition is associated with acquired or genetic defects of the coagulation
system and with the procoagulant effect of proinflammatory cytokines.

9
10

Research frontiers

11

In their study, Danese et al measured both plasma and colon mucosal homocysteine (Hcys) levels concomitantly in patients with IBD. They reported that
Hcys levels were increased in both plasma and colonic mucosa of patients with
UC and Crohn’s disease (CD) and suggested that Hcys could have a proinflammatory role in IBD.

12

Innovations and breakthroughs

13

The results of studies investigating the influence of hyperhomocysteinemia on
thrombosis in patients with IBD are controversial. Some studies suggest that
it could contribute to the pathogenesis of thrombosis whereas other authors
suggest that thrombosis develops in IBD patients secondary to multifactorial
phenomena.

14

Applications

15

In this study, the authors found that the average Hcys level in UC patients was
significantly higher than the average Hcys level of the control group. They could
not find any correlation between Hcys levels and history of arterial and venous
thrombosis. No directly proportional relationship was determined in the UC group
between homocysteine levels and disease duration, vitamin B12, CRP level and
clinical activity index; however there was a negatively proportional relationship
found between folic acid and homocysteine levels. Vitamin B12 and folic acid
average values were also lower in the UC group (P < 0.001). When multivariate
regression analysis was performed, it was seen that folic acid deficiency was the
only risk factor for hyperhomocysteinemia. For this reason the authors think that
vitamin deficiencies should be determined in all patients with IBD and folate and
vitamin B complex supplementation should be included in their treatment.

16
17
18

19

Terminology

Homocysteinemia is defined as elevation of homocysteine (a sulphur-containing
amino acid) level in blood. It is an established risk factor for cardiovascular diseases and premature atherosclerosis.

20

Peer review

The study demonstrates increased levels of Hcys related to a decrease of folic
acid and B12 in patients affected by UC. These data are not associated with an
increase of thromboembolic events. The manuscript is well structured.

21

REFERENCES
1
2
3

22

Jewell DP. Ulcerative colitis. In: Feldman M, Fridman LS,
Sleisenger MH, editors. Gastrointestinal and liver disease.
7th ed. Philadelphia: WB Saunders Co, 2002: 2039-2069
Talbot RW, Heppell J, Dozois RR, Beart RW Jr. Vascular
complications of inflammatory bowel disease. Mayo Clin
Proc 1986; 61: 140-145
Vecchi M, Cattaneo M, de Franchis R, Mannucci PM. Risk
of thromboembolic complications in patients with inflammatory bowel disease. Study of hemostasis measurements.
Int J Clin Lab Res 1991; 21: 165-170

WJG|www.wjgnet.com

23

24
25

2415

Bernstein CN, Blanchard JF, Houston DS, Wajda A. The
incidence of deep venous thrombosis and pulmonary embolism among patients with inflammatory bowel disease:
a population-based cohort study. Thromb Haemost 2001; 85:
430-434
Grip O, Svensson PJ, Lindgren S. Inflammatory bowel
disease promotes venous thrombosis earlier in life. Scand J
Gastroenterol 2000; 35: 619-623
Souto JC, Martinez E, Roca M, Mateo J, Pujol J, Gonzalez D,
Fontcuberta J. Prothrombotic state and signs of endothelial
lesion in plasma of patients with inflammatory bowel disease. Dig Dis Sci 1995; 40: 1883-1889
Collins CE, Rampton DS. Platelet dysfunction: a new dimension in inflammatory bowel disease. Gut 1995; 36: 5-8
Harries AD, Fitzsimons E, Fifield R, Dew MJ, Rhoades J.
Platelet count: a simple measure of activity in Crohn’s disease. Br Med J (Clin Res Ed) 1983; 286: 1476
Hudson M, Chitolie A, Hutton RA, Smith MS, Pounder RE,
Wakefield AJ. Thrombotic vascular risk factors in inflammatory bowel disease. Gut 1996; 38: 733-737
Aadland E, Odegaard OR, Roseth A, Try K. Free protein S
deficiency in patients with chronic inflammatory bowel disease. Scand J Gastroenterol 1992; 27: 957-960
Aadland E, Odegaard OR, Roseth A, Try K. Free protein S
deficiency in patients with Crohn's disease. Scand J Gastroenterol 1994; 29: 333-335
Heneghan MA, Cleary B, Murray M, O’Gorman TA, McCarthy CF. Activated protein C resistance, thrombophilia, and
inflammatory bowel disease. Dig Dis Sci 1998; 43: 1356-1361
Nassif A, Longo WE, Mazuski JE, Vernava AM, Kaminski
DL. Role of cytokines and platelet-activating factor in inflammatory bowel disease. Implications for therapy. Dis
Colon Rectum 1996; 39: 217-223
Dosquet C, Weill D, Wautier JL. Cytokines and thrombosis.
J Cardiovasc Pharmacol 1995; 25 Suppl 2: S13-S19
Dhillon AP, Anthony A, Sim R, Wakefield AJ, Sankey EA,
Hudson M, Allison MC, Pounder RE. Mucosal capillary
thrombi in rectal biopsies. Histopathology 1992; 21: 127-133
Wakefield AJ, Sawyerr AM, Dhillon AP, Pittilo RM, Rowles
PM, Lewis AA, Pounder RE. Pathogenesis of Crohn’s disease:
multifocal gastrointestinal infarction. Lancet 1989; 2: 1057-1062
Finkelstein JD. Homocysteine: a history in progress. Nutr
Rev 2000; 58: 193-204
Gallagher PM, Meleady R, Shields DC, Tan KS, McMaster D,
Rozen R, Evans A, Graham IM, Whitehead AS. Homocysteine and risk of premature coronary heart disease. Evidence
for a common gene mutation. Circulation 1996; 94: 2154-2158
Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Inflammation, aspirin, and the risk of cardiovascular disease in apparently healthy men. N Engl J Med 1997;
336: 973-979
Cantu C, Alonso E, Jara A, Martinez L, Rios C, Fernandez
Mde L, Garcia I, Barinagarrementeria F. Hyperhomocysteinemia, low folate and vitamin B12 concentrations, and
methylene tetrahydrofolate reductase mutation in cerebral
venous thrombosis. Stroke 2004; 35: 1790-1794
den Heijer M, Koster T, Blom HJ, Bos GM, Briet E, Reitsma
PH, Vandenbroucke JP, Rosendaal FR. Hyperhomocysteinemia as a risk factor for deep-vein thrombosis. N Engl J Med
1996; 334: 759-762
Ray JG. Meta-analysis of hyperhomocysteinemia as a risk
factor for venous thromboembolic disease. Arch Intern Med
1998; 158: 2101-2106
Langman LJ, Ray JG, Evrovski J, Yeo E, Cole DE. Hyperho
mocyst(e)inemia and the increased risk of venous thromboembolism: more evidence from a case-control study. Arch
Intern Med 2000; 160: 961-964
McCully KS. Homocysteine and vascular disease. Nat Med
1996; 2: 386-389
Seshadri N, Robinson K. Homocysteine, B vitamins, and coro-

May 21, 2010|Volume 16|Issue 19|

Akbulut S et al . Hyperhomocysteinemia in UC

26
27
28

29

30

31

32

33

34
35
36

37
38

39

40
41

42

nary artery disease. Med Clin North Am 2000; 84: 215-237, x
Welch GN, Loscalzo J. Homocysteine and atherothrombosis. N Engl J Med 1998; 338: 1042-1050
Loscalzo J. The oxidant stress of hyperhomocyst(e)inemia. J
Clin Invest 1996; 98: 5-7
Mahmud N, Molloy A, McPartlin J, Corbally R, Whitehead
AS, Scott JM, Weir DG. Increased prevalence of methylenetetrahydrofolate reductase C677T variant in patients with
inflammatory bowel disease, and its clinical implications.
Gut 1999; 45: 389-394
Oldenburg B, Fijnheer R, van der Griend R, vanBergeHenegouwen GP, Koningsberger JC. Homocysteine in inflammatory bowel disease: a risk factor for thromboembolic
complications? Am J Gastroenterol 2000; 95: 2825-2830
Chowers Y, Sela BA, Holland R, Fidder H, Simoni FB, BarMeir S. Increased levels of homocysteine in patients with
Crohn’s disease are related to folate levels. Am J Gastroenterol 2000; 95: 3498-3502
Koutroubakis IE, Dilaveraki E, Vlachonikolis IG, Vardas E,
Vrentzos G, Ganotakis E, Mouzas IA, Gravanis A, Emmanouel D, Kouroumalis EA. Hyperhomocysteinemia in Greek
patients with inflammatory bowel disease. Dig Dis Sci 2000;
45: 2347-2351
Romagnuolo J, Fedorak RN, Dias VC, Bamforth F, Teltscher
M. Hyperhomocysteinemia and inflammatory bowel disease: prevalence and predictors in a cross-sectional study.
Am J Gastroenterol 2001; 96: 2143-2149
Papa A, De Stefano V, Danese S, Chiusolo P, Persichilli S,
Casorelli I, Zappacosta B, Giardina B, Gasbarrini A, Leone
G, Gasbarrini G. Hyperhomocysteinemia and prevalence
of polymorphisms of homocysteine metabolism-related
enzymes in patients with inflammatory bowel disease. Am J
Gastroenterol 2001; 96: 2677-2682
Rachmilewitz D. Coated mesalazine (5-aminosalicylic acid)
versus sulphasalazine in the treatment of active ulcerative
colitis: a randomised trial. BMJ 1989; 298: 82-86
Truelove SC, Witts LJ. Cortisone in ulcerative colitis; final
report on a therapeutic trial. Br Med J 1955; 2: 1041-1048
de Jong E, Porte RJ, Knot EA, Verheijen JH, Dees J. Disturbed fibrinolysis in patients with inflammatory bowel
disease. A study in blood plasma, colon mucosa, and faeces.
Gut 1989; 30: 188-194
Collins CE, Cahill MR, Newland AC, Rampton DS. Platelets
circulate in an activated state in inflammatory bowel disease. Gastroenterology 1994; 106: 840-845
Liebman HA, Kashani N, Sutherland D, McGehee W, Kam
AL. The factor V Leiden mutation increases the risk of venous thrombosis in patients with inflammatory bowel disease. Gastroenterology 1998; 115: 830-834
Perry IJ, Refsum H, Morris RW, Ebrahim SB, Ueland PM,
Shaper AG. Prospective study of serum total homocysteine
concentration and risk of stroke in middle-aged British men.
Lancet 1995; 346: 1395-1398
Arnesen E, Refsum H, Bønaa KH, Ueland PM, Førde OH,
Nordrehaug JE. Serum total homocysteine and coronary
heart disease. Int J Epidemiol 1995; 24: 704-709
Selhub J, Jacques PF, Bostom AG, D’Agostino RB, Wilson
PW, Belanger AJ, O’Leary DH, Wolf PA, Schaefer EJ, Rosenberg IH. Association between plasma homocysteine concentrations and extracranial carotid-artery stenosis. N Engl J
Med 1995; 332: 286-291
den Heijer M, Rosendaal FR, Blom HJ, Gerrits WB, Bos GM.

43

44

45

46

47

48

49
50

51

52

53

54
55
56

Hyperhomocysteinemia and venous thrombosis: a metaanalysis. Thromb Haemost 1998; 80: 874-877
Graham IM, Daly LE, Refsum HM, Robinson K, Brattström
LE, Ueland PM, Palma-Reis RJ, Boers GH, Sheahan RG, Israelsson B, Uiterwaal CS, Meleady R, McMaster D, Verhoef
P, Witteman J, Rubba P, Bellet H, Wautrecht JC, de Valk
HW, Sales Lúis AC, Parrot-Rouland FM, Tan KS, Higgins I,
Garcon D, Andria G. Plasma homocysteine as a risk factor
for vascular disease. The European Concerted Action Project. JAMA 1997; 277: 1775-1781
Eikelboom JW, Lonn E, Genest J Jr, Hankey G, Yusuf S.
Homocyst(e)ine and cardiovascular disease: a critical review of the epidemiologic evidence. Ann Intern Med 1999;
131: 363-375
Cattaneo M, Vecchi M, Zighetti ML, Saibeni S, Martinelli I,
Omodei P, Mannucci PM, de Franchis R. High prevalence
of hyperchomocysteinemia in patients with inflammatory
bowel disease: a pathogenic link with thromboembolic complications? Thromb Haemost 1998; 80: 542-545
Imes S, Pinchbeck BR, Dinwoodie A, Walker K, Thomson
AB. Iron, folate, vitamin B-12, zinc, and copper status in
outpatients with Crohn’s disease: effect of diet counseling. J
Am Diet Assoc 1987; 87: 928-930
Lambert D, Benhayoun S, Adjalla C, Gelot MA, Renkes P,
Felden F, Gerard P, Belleville F, Gaucher P, Guéant JL, Nicolas JP. Crohn's disease and vitamin B12 metabolism. Dig Dis
Sci 1996; 41: 1417-1422
Mahmood A, Needham J, Prosser J, Mainwaring J, Trebble
T, Mahy G, Ramage J. Prevalence of hyperhomocysteinaemia, activated protein C resistance and prothrombin gene
mutation in inflammatory bowel disease. Eur J Gastroenterol
Hepatol 2005; 17: 739-744
Drzewoski J, Gasiorowska A, Małecka-Panas E, Bald E,
Czupryniak L. Plasma total homocysteine in the active stage
of ulcerative colitis. J Gastroenterol Hepatol 2006; 21: 739-743
Zezos P, Papaioannou G, Nikolaidis N, Vasiliadis T, Giouleme O, Evgenidis N. Hyperhomocysteinemia in ulcerative
colitis is related to folate levels. World J Gastroenterol 2005;
11: 6038-6042
Erzin Y, Uzun H, Celik AF, Aydin S, Dirican A, Uzunismail
H. Hyperhomocysteinemia in inflammatory bowel disease
patients without past intestinal resections: correlations with
cobalamin, pyridoxine, folate concentrations, acute phase
reactants, disease activity, and prior thromboembolic complications. J Clin Gastroenterol 2008; 42: 481-486
Morgenstern I, Raijmakers MT, Peters WH, Hoensch H,
Kirch W. Homocysteine, cysteine, and glutathione in human colonic mucosa: elevated levels of homocysteine in
patients with inflammatory bowel disease. Dig Dis Sci 2003;
48: 2083-2090
Danese S, Sgambato A, Papa A, Scaldaferri F, Pola R, Sans M,
Lovecchio M, Gasbarrini G, Cittadini A, Gasbarrini A. Homocysteine triggers mucosal microvascular activation in inflammatory bowel disease. Am J Gastroenterol 2005; 100: 886-895
Ovrebø KK, Svardal A. The effect of glutathione modulation on the concentration of homocysteine in plasma of rats.
Pharmacol Toxicol 2000; 87: 103-107
Talbot RW, Heppell J, Dozois RR, Beart RW Jr. Vascular
complications of inflammatory bowel disease. Mayo Clin
Proc 1986; 61: 140-145
Edwards FC, Truelove SC. The course and prognosis of ulcerative colitis. Iii. Complications. Gut 1964; 5: 1-22
S- Editor Tian L L- Editor Logan S E- Editor Ma WH

WJG|www.wjgnet.com

2416

May 21, 2010|Volume 16|Issue 19|

