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Hyperhomocysteinemia is an independent risk factor of
arterial as well as venous thrombosis1-3. P-homocysteine is
easily corrected by folic acid supplementation, although
occasionally B6 and B12 vitamin supplementation is also
required4. However, it remains unknown whether normal-
ization of P-homocysteine reduces the risk of thrombosis5.

Low dose methotrexate (MTX) is the choice of treatment
in psoriatic and rheumatoid arthritis (RA)6. Treatment with
MTX causes an increase of P-homocysteine7, whereas folic
acid supplementation causes a decrease8. The overall effect
on P-homocysteine of treatment with both drugs is
unknown, as this treatment has not been compared with
other regimens in RA. The question was emphasized in a
recent report on the mortality rate in RA9. MTX treated

patients with arteriosclerotic risk factors had a higher
mortality rate than corresponding patients treated by other
disease modifying antirheumatic drugs.

We examined the overall effect of MTX and folic acid
treatment on P-homocysteine in patients with RA.

MATERIALS AND METHODS
At the Department of Rheumatology, University Hospital of Aalborg, and
the General Hospital of Hjørring, outpatients and inpatients fulfilling the
1987 American College of Rheumatology criteria for RA10 were asked to
join the study, if they had received MTX for at least 6 months or had not
been treated with MTX during the last 6 months. Equal group sizes were
intended. Pregnant women and patients undergoing estrogen replacement
therapy were excluded.

Patients were enrolled from November 1998 through May 1999. On the
same day we performed a standardized clinical interview and an examina-
tion. The interview included a Health Assessment Questionnaire (HAQ)
score11, a standardized measurement of physical limitations in daily life
activities used in RA patients (minimum disability 0, maximum disability
3). A blood specimen was drawn from the cubital vein of the nonfasting
patient in sitting position12. C-reactive protein (CRP) and P-creatinine were
determined by standard analysis (CRP reference interval < 10 mg/l; P-crea-
tinine reference interval: men 60–125 µmol/l, women 55–115 µmol/l). Part
of the blood sample was centrifuged and frozen immediately for later
analysis. P-homocysteine was determined by standard analysis using high
performance liquid chromatography12, reference interval: men 1.0–14.6
µmol/l, women 0.8–12.0 µmol/l.

The study was approved by the regional ethical committee. 

Statistics. Data were analyzed using standard procedures in SPSS. The
bivariate associations between P-homocysteine (continuous variable) and
sex, MTX treatment, and folic acid supplementation (categorized vari-
ables), age, P-creatinine, HAQ score, CRP, and disease duration (contin-
uous variables) were examined by linear regression. To control for potential
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confounding, the associations were subsequently examined by multivariate
linear regression with P-homocysteine as the dependent variable. A signif-
icance level of 0.05 was chosen. In the subanalysis, we stratified the cohort
according to MTX treatment.

RESULTS
We studied 81 patients with RA; rheumatoid factor was
detected in 78 of these.

The mean disease duration of the patients was 8.3 years
(range 2 mo to 44 yrs). Other characteristics of the
patients are shown in Table 1. Thirty-one of the patients
treated with MTX received folic acid supplementation.
Twenty-six of these patients received 5 mg weekly, 2
patients 5 mg twice weekly, one patient 5 mg 3 times
weekly, and 2 patients 5 mg daily. Low dose prednisone
treatment was given to 14 of the MTX treated patients and
16 of the patients not receiving MTX. Two patients were
in combination therapy with MTX-sulfasalazine and
MTX-hydroxychloroquine. Of the patients not receiving
MTX, 16 were treated with sulfasalazine, 7 with intra-
muscular gold, and 8 with azathioprine, penicillamine or
hydroxychloroquine.

P-homocysteine was 12.2 µmol/l (SD 4.2) in patients
treated with MTX, with no difference between patients
receiving and those not receiving folic acid supplementa-
tion. P-homocysteine was 13.6 µmol/l (SD 10.4) in the
patients not receiving MTX.

In the bivariate analysis, P-homocysteine was associated
with P-creatinine, regression coefficient 0.197 (p < 0.0001),
as well as HAQ score, regression coefficient 2.667 (p <
0.025). There was no statistically significant association
with sex, age, MTX treatment, folic acid supplementation,
disease duration, or CRP. The difference in P-homocysteine
between the lowest and highest P-creatinine and HAQ
score was 27 µmol/l and 7 µmol/l, respectively.

In the multivariate model, these 2 associations were
consistent (Table 2), and remained so when the MTX group
and the non-MTX group were analyzed separately (Table 3).
MTX had very little influence on P-homocysteine. P-homo-
cysteine tended to be negatively associated with folic acid
supplementation, but this was not statistically significant. In
the full model adjusted R2 was 0.32. Accordingly, 32% of
the variance was explained by the model.
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Table 1. Patient characteristics.

Taking MTX, n = 41 Not Taking MTX, n = 40

Sex, n, male/female 15/26 13/27
No. taking folic acid supplementation 31 1

Minimum* Maximum Mean SD Mean SD
Age, yrs 21.0 80.0 60.4 11.1 55.6 13.3
P-creatinine, µmol/l 45.0 158.0 85.3 12.4 76.4 19.9
CRP, mg/l 10.0 144.0 27.1 32.4 26.9 26.3
HAQ score, 0-3** 0.0 2.63 0.87 0.66 1.20 0.79
MTX, mg/week 0 20 11.2 3.3 — —

* Among the patients receiving MTX the minimum dose was 7.5 mg. HAQ: Health Assessment Questionnaire

Table 2. Multilinear linear regression coefficients and standard errors for the association between P-homocys-
teine and biomarkers among 81 patients with RA.

Coefficient SE Student t p

Predictor variable
Constant –12.83 4.79 –2.68 0.009
Age 0.005 0.06 0.08 0.94
Sex –1.73 1.67 –1.04 0.3
Creatinine 0.299 0.05 5.81 0.0000
Folic acid –3.3 2.28 –1.45 0.15
HAQ Score 3.86 1.08 3.58 0.0006
MTX –0.19 2.25 –0.09 0.93

R2 0.37 Residual mean square 42.1
Adjusted R2 0.32 SD 6.5

Source DF SS MS F p

Regression 6 1858.25 309.71 7.35 0.0000
Residual 74 3117.18 42.12
Total 80 4975.43

DF: degrees of freedom, SS: sum of squares, MS: mean of squares.
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DISCUSSION
According to our findings, P-homocysteine was not signifi-
cantly different in patients treated with MTX and folic acid
supplementation, compared with other patients with RA.
Indeed, there was a tendency to a lower level. We did not see
an elevated P-homocysteine in the 10 patients receiving
MTX and no folic acid, probably because the number of
patients was small. Further, these patients had lower P-crea-
tinine than the rest, and 8 were women.

The tendency to a lower P-homocysteine level among the
patients receiving MTX was still present when adjustment
was made for age, sex, folic acid supplementation, and HAQ
score, as shown by the negative coefficient of MTX in the
regression analysis. Further, the well known association
between P-homocysteine and P-creatinine was confirmed,
whereas the associations with age and sex described in the
Hordaland Homocysteine Study14 of 16,176 healthy persons
were too weak to be detected.

The explanation might be that the expected average sex
and age difference would be considerably smaller than the
maximal difference accounted for by P-creatinine (27
µmol/l) or HAQ score (7 µmol/l). In the Hordaland Study,
the difference in both sex and age (40 to 65 years) was
1.5–2.0 µmol/l. Physical inactivity was also associated with
an elevated P-homocysteine, but with a modest difference
between maximal and minimal physical activity at 0.8–0.9
µmol/l. Therefore, physical inactivity as such would not
explain the association between the HAQ score and P-
homocysteine in this study. The lack of association with
CRP might be explained by the fact that CRP reflects
disease activity at the time of measurement, whereas the
HAQ score can be interpreted as a measure of disease
severity.

If hyperhomocysteinemia was the mechanism of the
increased risk of thrombosis in the previous study9, the
explanation might be the lack of folic acid supplementation.
This vitamin supplementation was not used regularly at that
time (1984-95), because it was thought to reduce the effect

of MTX. At present, however, folic acid supplementation is
the rule rather than the exception. According to a Cochrane
review, folic acid supplementation, 5–27.5 mg weekly,
reduces the side effects of MTX but does not lessen the
effect of MTX15.

One study showed that the level of P-homocysteine was
higher in patients with RA compared with controls16.
Apparently, we found a “dose response effect”: the higher
the disease progression/activity measured by HAQ score,
the higher the P-homocysteine. There is a need to reinvesti-
gate this unexpected finding in a larger study. First, hyper-
homocysteinemia might explain some of the well known
increased cardiovascular mortality in patients with RA.
Second, folic acid supplementation might be indicated, not
only in patients treated with MTX, but also in other RA
patients.

ACKNOWLEDGMENT
We are indebted to consultant Niels Daugaard Peters, MD, and Ane-Mette
Katholm, MD, Department of Rheumatology, The General Hospital of
Hjørring, for their assistance in recruiting patients.

REFERENCES
1. Boushey CJ, Beresford SAA, Omenn GS, Motulsky AG. A

quantitative assessment of plasma homocysteine as a risk factor for
vascular disease. JAMA 1995;274:1049-57.

2. den Heijer M, Blom HJ, Gerrits WBJ, et al. Is 
hyperhomocysteinemia a risk factor for recurrent venous 
thrombosis. Lancet 1995;345:882-5.

3. Simioni P, Prandoni P, Burlina A, et al. Hyperhomocysteinemia and
deep-vein thrombosis. Thromb Haemost 1996;76:883-6.

4. Ubbink JB, Vermaak WJH, van der Merwe A, Becker PJ, Delport R,
Potgieter HC. Vitamin requirements for the treatment of 
hyperhomocysteinemia in humans. J Nutr 1994;124:1927-33.

5. Veurmeulen EG, Stehouwer CD, Twisk JW, et al. Effect of
homocysteine-lowering treatment with folic acid plus vitamin B6

on progression of subclinical atherosclerosis: a randomised 
placebo-controlled trial. Lancet 2000;355:517-22.

6. Kremer JM. Methotrexate and emerging therapies. Clin Exp
Rheumatol 1999;17 Suppl 18:S43-S46.

7. Haagsma CJ, Blom HJ, van Riel PLCM, et al. Influence of

Jensen, et al: Hyperhomocysteinemia and RA 1617

Table 3. Multilinear linear regression coefficients and standard errors for the association between P-homocys-
teine and biomarkers, stratified according to MTX treatment.

Predictor Variables Coefficient SE Student t p

Taking MTX, n = 41
Age –0.01 0.06 –0.14 0.89
Sex –1.53 1.44 –1.07 0.3
Creatinine 0.17 0.06 2.73 0.0099
Folic acid –1.4 1.46 –0.98 0.34
HAQ score 3.06 0.92 3.31 0.0022

Not taking MTX, n = 40
Age 0.016 0.11 0.15 0.88
Sex –1.03 3.19 –0.32 0.74
Creatinine 0.32 0.07 4.36 0.0001
Folic acid –9.13 8.92 –1.02 0.31
HAQ score 4.61 2.01 2.29 0.028

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2002.  All rights reserved.

 www.jrheum.orgDownloaded on April 18, 2024 from 

http://www.jrheum.org/


sulphasalazine, methotrexate, and the combination of both on the
plasma homocysteine concentrations in patients with rheumatoid
arthritis. Ann Rheum Dis 1999;58:79-84.

8. Morgan SL, Baggott JE, Lee JY, Alarcon GS. Folic acid 
supplementation prevents deficient blood folate levels and 
hyperhomocysteinemia during longterm, low dose methotrexate
therapy for rheumatoid arthritis: Implications for cardiovascular
disease prevention. J Rheumatol 1998;25:441-6.

9. Landewe RBM, van den Borne BEEM, Breedveld FC, Dijkmans
BAC. Methotrexate effects in patients with rheumatoid arthritis with
cardiovascular comorbidity. Lancet 2000;355:1616-7.

10. Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1988;31:315-24.

11. Hawley DJ, Wolfe F. Sensitivity to change of the Health Assessment
Questionnaire and other clinical and health status measures in
rheumatoid arthritis: Results of short term clinical trials and 

observational studies versus long term observational studies.
Arthritis Care Res 1992;5:130-6.

12. Thirup P, Ekelund S. Day-to-day, postprandial, and orthostatic 
variation of total plasma homocysteine. Clin Chem 1999;45:1280-3.

13. Krogh Jensen M, Ekelund S, Svendsen L. Folate and homocysteine
status and haemolysis in patients treated with sulphasalazine for
arthritis. Scand J Clin Lab Invest 1996;56:421-9.

14. Nygard O, Vollset SE, Refsum H, et al. Total plasma homocysteine
and cardiovascular risk profile. JAMA 1995;274:1526-33.

15. Ortiz Z, Shea B, Suarez-Almazor M, Moher D, Wells G, Tugwell P.
Folic acid and folinic acid for reducing side effects in patients
receiving methotrexate for rheumatoid arthritis [Cochrane Review].
In: The Cochrane Library, Issue 4, 1999. Oxford: Update Software;
1999. 

16. Roubenoff R, Dellaripa P, Nadeau MR, et al. Abnormal 
homocysteine metabolism in rheumatoid arthitis. Arthritis Rheum
1997;40:718-22.

The Journal of Rheumatology 2002; 29:81618

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2002.  All rights reserved.

 www.jrheum.orgDownloaded on April 18, 2024 from 

http://www.jrheum.org/

