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ABSTRACT
Objectives: This study aims to evaluate the relationship between serum homocysteine levels and atherosclerotic plaques in carotid arteries in 
female patients with rheumatoid arthritis (RA).
Patients and methods: Fifty-eight females with RA (mean age 45.50±11.69 years; range 42 to 60 years) and 22 female controls (mean age 47.3±8.9 
years; range 38 to 62 years) with mechanical low back pain were included in the study. RA patients were divided into two groups: patients who were 
under methotrexate (MTX) therapy at least for two years (MTX group, n=32), and patients who did not receive MTX at least for past two years (non-
MTX-disease-modifying antirheumatic drug group, n=26). RA patients’ disease activity scores in 28 joints were calculated. Carotid intima-media 
thickness and presence of atherosclerotic plaque were evaluated by high-resolution B-mode ultrasonography.
Results: Plasma homocysteine levels were higher in MTX and non-MTX-disease-modifying antirheumatic drug groups compared to controls 
(16.88±6.84 and 10.37±2.54 μmol/L, respectively) and the difference was statistically significant (p=0.001). In MTX, non-MTX-disease-modifying 
antirheumatic drug and control groups, atherosclerotic plaque was detected in 11 (34.5%) and four (15.4%) patients, and one patient (4.5%), 
respectively. Carotid intima-media thickness was significantly higher in MTX group compared to other two groups and the difference was statistically 
significant (p=0.002). Pearson correlation analysis revealed a significant correlation between intima-media thickness and homocysteine levels in 
MTX group (r=0.49, p=0.006).
Conclusion: According to our study results, methotrexate treatment in female patients with RA increases plasma homocysteine levels and 
prevalence of atherosclerotic plaque. High homocysteine levels in these patients may be a cause of atherosclerosis.
Keywords: Atherosclerosis; B-mode ultrasonography; homocysteine; rheumatoid arthritis.

Rheumatoid arthritis (RA) is a systemic and 
progressive disease with a chronic course and 
multifactorial origin. It is characterized with 
chronic inflammation and immune response in 
appropriate genetic background, and it causes 
functional loss and mortality in the long-term. 
And also, it is the most common autoimmune 
disease in inflammatory arthritic conditions.1 

In patients with RA, life expectancy is 
3-10 years shorter than normal population.2 
Cardiovascular diseases (CVD) including vascular 
diseases of the brain are responsible of 40-50% of 
the deaths in RA.2,3 Intima-media thickness (IMT) 

and plaque frequency were increased in subclinical 
atherosclerosis studies, and this may be a sign for 
early-onset atherosclerosis in RA.4 But, traditional 
risk factors for atherosclerotic CVD cannot 
clearly explain the high frequency of coronary 
artery diseases in this group. Commonly known 
traditional risk factors can only explain 50% 
of the coronary heart disease cases in general 
population.5 Some authors agreed on the fact that 
RA was an independent risk factor for coronary 
heart disease such as diabetes mellitus and 
hypertension. Recent studies also showed that 
high plasma level of homocysteine (Hcy) was an 
independent risk factor for CVD.6
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Homocysteine is sulfur including essential 
amino acid, and it is an intermediate product 
in the metabolism of methionine. It can easily 
be oxidized into various disulfide forms with its 
free sulfhydryl (thiol) group. Hcy is produced 
during the metabolism of methionine in the 
diet. Cystathionine beta-synthase or thermolabile 
methylenetetrahydrofolate reductase enzymes, 
and vitamins like B12, B6 and folic acid are the 
cofactors in the metabolism of Hcy.7 A negative 
correlation between these vitamins and Hcy levels 
was shown.8

High levels of Hcy are directly toxic for 
endothelial cells. They oxidize low-density 
lipoproteins and have prothrombotic effects. High 
Hcy levels are also related to atherosclerosis, and 
RA patients treated with methotrexate (MTX) 
have higher Hcy levels. It is postulated that high 
Hcy levels caused by MTX treatment in patients 
with RA increases the cardiac morbidity and 
mortality.9,10 According to our knowledge, there is 
a need to evaluate the impact of high Hcy levels 
on atherosclerosis of carotid arteries in patients 
receiving MTX treatment. Thus, in this study, we 
aimed to evaluate the relationship between serum 
Hcy levels and atherosclerotic plaques in carotid 
arteries in female patients with RA.

PATIENTS AND METHODS

This study included 58 females (mean age 
45.50±11.69 years; range 42 to 60 years) with 
RA and 22 female controls (mean age 47.3±8.9 
years; range 38 to 62 years) with mechanical 
low back pain. After the approval of Human 
Ethics Committee of Cumhuriyet University, 
written informed consents were obtained from 
the participants. RA was diagnosed according 
to the revised criteria of American College of 
Rheumatology in 1987.11 RA patients were 
divided into two groups: patients administered 
MTX therapy at least for two years (MTX 
group, n=32), and patients who did not use 
MTX in past two years [non-MTX-disease-
modifying antirheumatic drug (DMARD) group, 
n=26]. All participants were selected among 
female patients since Hcy levels are related 
with sex. Patients administered anti-epileptic 
drugs or statins, who were smokers, and with 
complications of atherosclerosis (cerebrovascular 

disease, myocardial infarction) were excluded. 
Clinical characteristics including menopausal 
status, presence of hypertension, presence of 
diabetes mellitus, family history, dietary habits, 
physical activity levels, tobacco and alcohol 
consumption, and socio-cultural properties 
such as education and household income were 
recorded for each patient. Afterwards, disease 
activity scores in 28 joints as well as age, family 
history of atherosclerosis, duration of disease, 
family history of hypertension, steroid dose, 
body mass index, fasting blood glucose, low-
density lipoproteins, high-density lipoproteins, 
Hcy, rheumatoid factor, folic acid, vitamin B12, 
erythrocyte sedimentation rate, and C-reactive 
protein were recorded.

The patients fasted overnight and were not given 
any medication before blood collection. For the 
measurement of Hcy, blood was drawn 72 hours 
after last MTX dose. Five milliliter of blood samples 
were collected from antecubital veins into tubes 
containing 4.5 mL of ethylenediaminetetraacetic 
acid. Plasma was separated by 10 minutes of 
centrifugation at 5000 rpm, and was transported 
to the laboratory at 2-8 °C, and preserved 
in -20 °C for 8-10 weeks until the analysis. 
Plasma Hcy levels (μmol/L) were analyzed with 
ELx-800 equipment by ELISA method and Axis-
Norway kits. Plasma levels of Hcy were split into 
two groups as normal (5-15 μmol/L) and high 
(>15 μmol/L).12 Rheumatoid factor, sedimentation, 
C-reactive protein, total cholesterol, high-density 
lipoprotein, low-density lipoprotein, triglyceride, 
and glucose levels were measured daily. Folic acid 
and vitamin B12 levels were also measured, as 
the Hcy is a sensitive indicator of vitamin B12 and 
folic acid deficiencies.

Intima-media thickness can be measured 
via high-resolution ultrasonography and is 
considered to be a reliable marker of early 
generalized atherosclerosis, while the presence 
of atherosclerotic plaques indicates more 
manifestations of atherosclerotic changes.13 Adult 
studies revealed a significant increase in the risk 
of CVD when carotid IMT exceeds 0.8 mm. We 
assessed carotid IMT by high-resolution B-mode 
ultrasonography in all patients, and examined the 
presence of atherosclerotic plaque. All evaluations 
were performed by experienced radiologists by an 
ultrasonography device (General Electric Logic 9; 
Waukesha, WI, USA) equipped with a 10-MHz 
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linear probe. Interobserver and intraobserver 
reliabilities were determined as Kappa coefficient 
ranged from 0.67-0.87.14,15

For the assessment of carotid IMT, participants 
were examined supine with the head rotated 
45° towards left or right side. Imaging was done 
in the plane parallel to the neck with the jugular 
vein lying immediately above the common 
carotid artery. Images of the right common 
carotid artery were centered 10 to 15 mm below 
(caudad to) the right common carotid artery 
bulb. End-diastolic images (smallest diameter of 
the artery) were captured. IMT of the common 
carotid artery and presence of plaques were 
assessed. IMT of the common carotid artery 
was determined in the far wall according 
1 cm proximal to the bifurcation. Carotid artery 
plaque was excluded.16,17

Statistical analysis

The power of our study was 0.80462 when 
a, b and 1-b were considered as 0.05, 0.20 and 
0.8, respectively. SPSS for Windows version 14.0 
(SPSS Inc., Chicago, IL, USA) software program 
was used for statistical analyses. Normality 
was tested with the Kolmogorov-Smirnov test. 
Comparison of the clinical and ultrasonographic 
data of the study groups were performed with 
Chi-square and ANOVA tests. Correlation of 
Hcy level and IMT were analyzed with Pearson 

correlation test. A p value of less than 0.05 was 
accepted as significant.

RESULTS

Methotrexate doses ranged from 7.5 to 
15 mg/week in the MTX group. All patients taking 
MTX were also taking folic acid supplementation 
(10 mg/week). Table 1 presents the clinical and 
laboratory variables of MTX, non-MTX-DMARD, 
and control groups. There was no significant 
difference among the study groups with regard 
to the socio-demographic characteristics such as 
menopausal status, presence of hypertension, 
presence of diabetes mellitus, family history, 
physical activity, tobacco and alcohol consumption, 
education, and household income (p>0.05). The 
study groups were similar with regard to the 
parameters presented in Table 1 (p>0.05).

Figures 1 and 2 present the Hcy level and 
IMT value of the study groups. The Hcy level 
and IMT value of MTX group were significantly 
higher than those of the non-MTX-DMARD and 
control groups (p<0.05). The non-MTX-DMARD 
and control groups were similar with regard to the 
Hcy level and IMT value (p>0.05). The Hcy levels 
and IMT values of non-MTX-DMARD and control 
groups were comparable (p>0.05).

Table 1. Characteristics of patients in rheumatoid arthritis and control groups

Age (years)   45.5±11.7   47.9±10.1   47.3±8.9 0.66
Family history of atherosclerosis 5 15.6  4 15.4  3 13.6  0.97
Duration of rheumatoid arthritis   8.9±8   8.7±6    0.84
Presence of hypertension 8 25  6 23  5 22.7  0.97
Presence diabetes mellitus  6 18   7 27  3 13.6  0.50
Disease activity score 28   5.4±0.7   5.3±0.7    0.91
Erythrocyte sedimentation rate   46±5.6   41±4.9    0.93
C-reactive protein   6.4±1.9   5.3±1.4    0.68
Rheumatoid factor positivity 20 62.5  19 73.1     0.39
Steroid dose   6.7±2.9   6.4±26    0.76
Body mass index (kg/m2)   26.1±3.9   26.2±3.5   27.1±2.1 0.50
Fasting blood glucose (mg/dL)   96.5±27.3   95.2±13.0   93.2±13.1 0.53
Total cholesterol (mg/dL)   184.0±36.6   179.2±38.4   189.1±11.6 0.53
Low-density lipoprotein (mg/dL)   89.7±16.1   89.2±13.5   85.3±9.7 0.49
High-density lipoprotein (mg/dL)   38.6±10.1   36.3±10.3   35.1±4.7 0.56
Folic acid (pg/mL)   5.2±2.5   6.5±3.1   7.7±2.8 0.86
Vitamin B12 (pg/mL)   456±43.8   385±64.1   413±51.5 0.65

MTX: Methotrexate; DMARD: Disease-modifying antirheumatic drug; SD: Standard deviation.

 MTX group MTX-DMARD group Control group Significance
 (n=32) (n=26) (n=22)

 n % Mean±SD n % Mean±SD n % Mean±SD p
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Carotid plaque positivity was detected in 
11 (34.5%) and four (15.4%) patients, and one 
(4.5%) patient in the MTX, non-MTX-DMARD, 
and control groups, respectively (Figure 3). The 
ratio of carotid plaque positivity was significantly 
higher in the MTX group compared to the other 
groups (p<0.05). Pearson correlation analysis 
revealed a significant correlation between IMT 
value and Hcy level only in the MTX group 
(r=0.49, p=0.006).

DISCUSSION

We have shown that serum Hcy level and 
carotid IMT increased in patients with RA. 
The presence of atherosclerotic plaque was 
25.86% in patients with RA and this shows the 

accelerated atherosclerotic process and early 
plaque formation. The serum Hcy level and 
carotid IMT have a considerably significant 
correlation in patients with RA, particularly in 
those receiving MTX. Overall, these findings 
suggest that serum Hcy level and carotid IMT 
value provide important information about the 
status of large arteries (common carotid artery) 
related to the atherosclerotic process even 
before the clinical progression of cardiovascular 
risk/damage in RA. In addition, the Hcy level 
along with the ultrasonographic imaging of 
carotid arteries might be used for determining 
and following the severity of the vascular damage 
due to the inflammatory process of RA.18-20

Traditional risk factors for CVD alone cannot 
explain the increased mortality risk in RA.21 In 
recent studies, high homocysteine levels have been 
associated with an increased risk of cardiovascular 
events in the general population, and a 25% 
lower homocysteine level was associated with 
an 11% lower risk of coronary artery disease 
and a 19% lower risk of stroke.22,23 It was 
reported that every 5 mmol/L increase in Hcy 
increased the CVD risk 1.35 times in males, and 
1.42 times in females.24 Other studies reported 
that hyperhomocysteinemia was an independent 
risk factor also for vascular thrombosis.25,26 
A previous study in 2006 compared the Hcy levels 
between normal population and patients with RA, 
and suggested that Hcy levels were elevated in 
patients with RA, and that homocysteinemia 
must be treated.27 Likewise, our study revealed 

Figure 1. Homocysteine levels of study groups. * p<0.05 vs 
methotrexate (MTX)-disease-modifying antirheumatic drug (DMARD) and 
control groups; Hcy: Homocysteine.
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Figure 2. Intima-media thickness values of study groups. 
* p<0.05 vs methotrexate (MTX)-disease-modifying antirheumatic drug 
(DMARD) and control groups; Hcy: Homocysteine.
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Figure 3. Ratio of carotid plaque positivity. * p<0.05 vs 
methotrexate (MTX)-disease-modifying antirheumatic drug (DMARD) and 
control groups.
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that patients with RA had higher Hcy levels when 
compared to controls.

Effects of MTX on Hcy levels in patients with 
RA are conflicting. Hoekstra et al.28 demonstrated 
that plasma levels of Hcy is elevated significantly 
after application of MTX, and gradually decreased 
to basal levels until the next application in 
patients with RA who are using high dose MTX 
(>25 mg/week). This weekly increase in Hcy levels 
after MTX treatment was postulated to increase 
the exposure to Hcy, and caused increased risk of 
CVD. Moreover, this study proposes that folic acid 
supplementation in patients with RA is ineffective 
for preventing against intermittent increases in 
Hcy. In spite of this study, Morgan et al.29 
found that folic acid supplementation in patients 
receiving long-term low-dose MTX prevented folic 
acid deficiency, decreased hyperhomocysteinemia, 
and might provide a prevention against CVD 
progression in patients with RA. MTX treatment 
increases plasma levels of Hcy indirectly in 
patients with RA, and they must be supplemented 
with folic acid.30 Mean doses of 10 mg/week 
of folic acid may not be enough and must be 
increased in patients with RA. While Haagsma et 
al.31 declared that MTX elevated the Hcy levels, 
Hernanz et al.32 have reported against this view. 
These conflicting reports may be explained by 
the timings of MTX treatment and obtaining 
blood samples for analyses. As we know that 
early folic acid supplementation in 48 hours can 
decrease the high Hcy levels, it should be rational 
to evaluate Hcy levels within first 48 hours in 
patients with RA.

Another method for assessing the increased 
risk of CVD and atherosclerosis in patients with 
RA is high-resolution B-mode ultrasonography. 
Carotid IMT was shown to be determinative when 
compared to controls in studies that evaluate the 
atherosclerosis by B-mode ultrasonography in 
patients with RA.33,34

Our study had some limitations such as relatively 
low number of patients, including only one sex, 
and short follow-up time. The complications, such 
as myocardial infarction and angina pectoris, due 
to the CVD in our patients were managed by our 
Cardiology Department, and these complications 
may be the focus of an another study.

In conclusion, according to our findings, the 
Hcy level increases in patients with RA, and this 

increase is more pronounced in patients receiving 
MTX. In patients with RA, particularly those 
administered MTX, the increase in carotid IMT 
and the presence of carotid plaque formation need 
to be considered. The meaningful association of 
Hcy level and IMT value is also important for 
physicians for the management and follow-up of 
the cases. Further studies are needed to elucidate 
the potential role of combined use of serum Hcy 
level and carotid IMT value and plaque formation 
as a test in RA patients who have an increased 
CVD risk.
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