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Methotrexate (MTX) is an effective disease modifying
antirheumatic drug (DMARD) for patients with rheumatoid
arthritis (RA)1,2. The proportion of patients treated with
MTX has increased over time and it is now the most
frequently used DMARD3. Also, from an economic perspec-
tive, MTX is an attractive RA medication, since it is cheap
and widely available. However, within one year, up to 30%
of patients have to stop treatment because of toxicity4. Since
some of these side effects may be quite serious, requiring
hospitalization or even admission to intensive care, low

costs of drug treatment may be largely offset by costs of
treatment of side effects. Several studies have indicated that
supplementation with folic or folinic acid during MTX
treatment can reduce MTX related toxicity, without
impairing its therapeutic effect on disease progression5,6.
For this reason, folic or folinic acid comedication may be
expected to be cost-effective, if not cost-saving: it allows the
continued use of an effective drug of low cost, it avoids to
some extent costs associated with treatment of adverse side
effects, and its acquisition costs are low. We assessed the
economic consequences of folic or folinic acid comedica-
tion in patients with RA treated with MTX.

MATERIALS AND METHODS
We conducted a multicenter, randomized, double blind, and placebo
controlled study with a 48 week followup period, as described7. Briefly,
patients with active RA and no former MTX treatment were eligible.
Patients who gave informed consent were randomly assigned to one of 3
groups: MTX plus placebo, MTX plus folic acid (1 mg per day), or MTX
plus folinic acid (2.5 mg per week). All patients were treated with MTX
starting at a dosage of 7.5 mg orally once a week. In case of insufficient
treatment response, doses could be increased every 6 weeks by 2.5 mg up
to a maximum of 25 mg MTX/week. If the MTX dosage was increased to
≥ 15 mg/week, dosages of folic and folinic acid were doubled.

Effects. Two outcome measures were used in the cost-effectiveness
analysis: drug survival and patient’s quality of life. The latter was measured
with the EuroQol questionnaire, consisting of 5 questions regarding 5
domains (mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression; see Appendix). The resulting health states were valued
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using preferences elicited from a general population by the time-tradeoff
method (range 0–1, 1 indicating perfect health)8. The patients completed
the EuroQol at intake and after 12, 24, 36, and 48 weeks of followup.
Quality-adjusted life-years (QALY) for the 48 week period were calculated
with the area under the curve of the EuroQol scores. Missing data were
interpolated using adjacent quality of life scores of the patient. Mean
quality of life scores with 95% confidence interval (CI) were calculated for
each treatment group.

Costs. Both medical and nonmedical costs were included in the cost
analysis. Medical costs included costs of primary treatment (comedication
and MTX), outpatient visits to the rheumatologist, other RA medication
[other DMARD used after discontinuation of MTX, corticosteroids, and
nonsteroidal antiinflammatory drugs (NSAID)], visits to a general practi-
tioner, other outpatient visits, use of other medication available on prescrip-
tion, hospitalization, and surgery. Nonmedical costs included travelling
costs, absenteeism, and out-of-pocket costs (alternative treatment, home
help, medication not on prescription, and expenses related to RA).
Protocol-driven costs were not included9.

Costs were calculated by multiplying quantities of resources used with
unit-cost prices. Quantities were measured using case report forms and
patient diaries. All prices were based on the 1997 cost-price level and
converted to US dollars. Older prices were adjusted to the price level of
1997. Integral cost-prices were calculated for costs of employees, costs of
materials, depreciation costs for inventory, and overhead costs. The prices
of frequent activities were calculated in both a university hospital and a
general hospital. A weighted average was calculated using the ratio of the
national number of RA patients treated in university hospitals and the
number of patients treated in general hospitals10. No information about
overhead costs was available in the general hospital. Therefore, these prices
were corrected using the percentage overhead costs in the university
hospital. Prices of MTX and folate supplementation were derived from the
prevailing drug reimbursement system. Charges were taken as proxy for
cost of outpatients’ visits, surgeries, and diagnostic tests at the hospital.

Travelling costs were estimated for the distance from the patient to the
hospital (assessed in postal codes). Travelling costs for visits to a general
practitioner were derived from the average distance to a general practitioner
in The Netherlands11. Patients noted absenteeism in the diaries. The number
of days was multiplied with the mean national per-diem costs12. Patients
were asked to keep track of out-of-pocket costs in their diaries.

Diaries were corrected for missing periods using the patient-year
approach13. After correction for missing diaries, the mean, median, and
interquartile range of the cost categories per patient were calculated. Costs
were calculated according to the intention to treat principle. Patients who
discontinued MTX treatment were included in the analyses and all subse-
quent treatment costs were taken into account.

Analysis. Differences in the mean costs and effectiveness between the treat-
ment groups were tested separately. The ANOVA was used to test differ-
ences in quality of life scores. Drug survival was analyzed with the
Kaplan-Meier method. The Mann-Whitney U test was used to test differ-
ences in costs between the treatment groups.

Incremental cost-effectiveness ratios (ICER) were calculated for 2
outcome measures. First, differences in the medical costs were related to
differences in the MTX survival between the treatment groups. Second,
differences in the total costs (both medical and nonmedical costs) were
related to differences in the quality of life scores (QALY) between the treat-
ment groups.

For each ICER, 2 comparisons were made. In the first comparison, the
folic acid group was compared with the placebo group. In the second, the
folinic acid group was compared with the placebo group.

The confidence intervals around the ICER were analyzed with the boot-
strap method, which takes into account the nonparametric distribution of
data14. The principle of bootstrapping is that a random sample of size n with
replacement from the data is taken a large number of times. In this analysis,
we took 1000 samples from the original data. For each sample, an ICER
was calculated (an estimated ICER).

Finally, a sensitivity analysis was performed. In the sensitivity analysis,
unit-cost prices of folate supplementation, outpatient visits, and hospital-
ization were varied within a predefined range. For each cost-price, 3 values
were available: national charges and the prices calculated in the 2 hospitals.
The highest and lowest values were used in the sensitivity analysis.

RESULTS
A total of 434 patients were enrolled in the study: 144 in the
placebo group, 143 in the folic acid group, and 147 in the
folinic acid group. Fifty-eight patients were excluded from
the analyses: 23 patients (placebo group n = 7, folic acid
group n = 6, and folinic acid group n = 10) were excluded
due to inappropriate inclusion in the study and 35 patients
(placebo group n = 10, folic acid group n = 11, folinic acid
group n = 14) were lost to followup. Fifty-four patients
(placebo group n = 16, folic acid group n = 16, folinic acid
group n = 22) did not complete quality of life questionnaires
sufficiently to calculate QALY. Hence 376 patients were
included in the economic evaluation (Table 1).

Effects. Toxicity related discontinuation of MTX occurred in
38% of the placebo group, 17% of the folic acid group, and
12% of the folinic acid group (Figure 1; log-rank test, p =
0.001). The most frequent toxic event leading to discontinu-
ation of MTX was elevation of liver transaminases. Other,
less frequent reasons were gastrointestinal complaints,
mental complaints, hair loss, and malaise/weight loss. Drug
survival after 48 weeks in patients who were included in the
economic evaluation (n = 376) was 60% for placebo, 81%
for folic acid, and 87% for folinic acid.

Quality of life scores at baseline, measured with the
EuroQol questionnaires, were 0.49 (range 0.24 to 0.88) for
the placebo group, 0.47 (0.18–0.92) for the folic acid group,
and 0.52 (0.32–0.92) for the folinic acid group. The QALY
(48 week period) were 0.55 (95% CI 0.52–0.58) in the
placebo group, 0.55 (95% CI 0.52–0.58) in the folic acid
group, and 0.58 (95% CI 0.56–0.60) in the folinic acid
group (p = 0.233).

Costs. One hundred forty out of 376 patients completed all
18 diaries (3-weekly). On average, 23 days of the followup
period were missing. Missing periods were comparable
between the treatment groups. Frequencies of volumes of
resources used are shown in Table 2. No significant differ-
ences were found between the 3 treatment groups. Results of
the calculations of unit-cost prices are presented in Table 3.

Hartman, et al: Economic evaluation of folate 903

Table 1. Patient characteristics.

Placebo, Folic Acid, Folinic Acid,
n = 127 n = 122 n = 127

Sex, % female 72 75 65
Age, mean yrs (SD) 57 (13) 56 (13) 54 (12)
Disease duration, median mo 55 (17–134) 48 (12–114) 37 (12–108)

(interquartile range)
Rheumatoid factor, % positive 79 73 80
Disease activity score at baseline, 4.6 (0.9) 4.7 (0.9) 4.5 (0.9)

mean (SD)
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Costs of primary treatment (MTX and folate supplemen-
tation) were higher in the folate supplementation groups
than in the placebo group (Table 4). The mean medical costs
were US$1398 in the placebo group, US$1409 in the folic
acid group, and US$1776 in the folinic acid group (not
statistically significant). The mean total costs (both medical
and nonmedical) were comparable in the 3 treatment groups
(p = 0.31 and p = 0.79, respectively).

Folic acid resulted in an increased probability of
continued MTX use at 48 weeks of followup of 0.21, at an
extra average cost of US$11. For folinic acid, the increase in
probability of continued MTX use was 0.26, at an extra
average cost of US$378. The ICER for QALY for folic acid
compared to placebo could not be calculated, since folic

acid and placebo were equally effective. For folinic acid
versus placebo, the gain in QALY was 0.03, at an average
saving of US$43.

Differences in costs and effectiveness and the corre-
sponding confidence intervals were plotted. In Figure 2, a
large number of resamples were plotted in the first quadrant
(48% for folic acid vs placebo and 78% for folinic acid vs
placebo), indicating better drug survival and higher medical
costs. The uncertainty in differences in total costs and
QALY is substantial (Figure 3).

In the sensitivity analyses, changes in cost-prices for
folic acid and outpatient visits did not influence the overall
result of the study (Table 5). In the case of the highest price
for folinic acid, the mean medical cost per patient was

The Journal of Rheumatology 2004; 31:5904

Table 2. Mean and median data from patient diaries (number of resources used) per patient, after correction for
missing diaries.

Placebo, n = 127 Folic Acid, n = 122 Folinic Acid, n = 127
Mean (median) Mean (median) Mean (median)

Consultations, no. of visits
General practitioner 2 (1) 3 (2) 2 (1)
Rheumatologist 3 (2) 3 (1) 3 (1)
Other specialists 2 (1) 2 (0) 2 (0)
Physical therapy 9 (0) 9 (0) 11 (0)
Occupational therapy 2 (0) 3 (0) 4 (0)
Other therapies 5 (0) 2 (0) 6 (0)

Hospitalization, days 3 (0) 2 (0) 4 (0)
Absenteeism, days*

Paid work 8 (0) 10 (0) 6 (0)
Unpaid work 1 (0) 1 (0) 0 (0)

* The number of patients with paid work was 22 in placebo group, 28 in folic acid group, and 41 in folinic acid
group; number of patients with unpaid work was 15 in placebo group, 20 in folic acid group, and 14 in folinic
acid group.

Figure 1. Percentage of patients who did not permanently discontinue MTX treatment, by treat-
ment group. (Reproduced with permission, from Arthritis and Rheumatism 2001;44:1515-24.)
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US$2022 (baseline US$1776). When the national charges
were used for hospitalization (highest price), the medical
costs were higher in all treatment groups.

DISCUSSION
As expected, we found lower drug toxicity in patients with

folic acid or folinic acid comedication. This effect was also
reflected in improved drug survival, and in increased
dosages of MTX. It was not, however, reflected in any cost
savings. In retrospect, an explanation might be that the
patients in this study were carefully and frequently moni-
tored for drug response, disease progression, and side
effects. Patients were evaluated every 3 weeks by a research
nurse. In case of adverse events, the protocol included the
possibility of dosage reductions or temporarily withholding
MTX. Compared to other trials on folate supplementation
during MTX treatment, MTX dosages were higher6,16 and
patients were seen more frequently6,16, and changes in MTX
dosages might have been made quickly in this study5,6,16.
This close monitoring may have prevented any serious side
effects occurring.

Although differences in drug survival were found, we did
not find higher treatment costs in the placebo group. The
trial protocol permitted the use of DMARD after discontin-
uation of MTX. However, half the patients who discon-
tinued MTX (47%) did not receive a DMARD, 30%
received MTX with 5 mg folic acid, and 8% of the patients
received a combination of drugs. At the time of our study,
the much more expensive tumor necrosis factor-α-blocking
agents and other biologicals were not available for standard
treatment. Currently, when patients fail to respond to MTX
or develop serious side effects, they start using these drugs.
In such a situation, the economic effect of folic or folinic
acid comedication may be much more substantial17,18.

Thus, folic or folinic comedication did not result in the

Table 3. Cost-prices used to value resources used in the cost-effectiveness
analysis and ranges used in the sensitivity analysis (US$).

Price, US$ Source Range, US$

Methotrexate (tablet 2.5 mg) 0.21 DRS
Folic acid (tablet 1.0 mg) 0.06 DRS 0.01–0.11
Folinic acid (tablet 2.5 mg) 0.77 DRS 0.76–4.61
General practitioner (visit) 18 Rutten11

Rheumatologist (visit) 19 Calculation 12–41
Outpatient visit (per hr) 77 Calculation
Physical therapy 18 Charges
Hospitalization (day) 132 Calculation 88–508
Intensive care (day) 1169 Hilgeman15 508–1372
Chest radiograph 50 Calculation
Abdominal ultrasonography 75 Calculation
Cervical radiograph 50 Calculation
Bronchoscopy 159 Calculation
Duodenoscopy 108 Calculation
Total hip prosthesis 1568 Calculation
Travelling costs (per km) 0.20 Rutten11

Absenteeism, paid work (per hr) 20 CBS12

Absenteeism, unpaid work (per hr) 8 CBS12

DRS: drug reimbursement system. CBS: Statistics Netherlands.

Table 4. Mean, median, and interquartile range (IQR) of costs per patient per 48 weeks (US$).

Placebo, n = 127 Folic Acid, n = 122 Folinic Acid, n = 127
Mean, median (IQR) Mean, median (IQR) Mean, median (IQR)

Medical costs
Folate supplementation — 28, 31 (22–341) 49, 56 (37–60)
Methotrexate 39, 41 (26–54) 50, 54 (44–62) 49, 54 (39–62)
Extra laboratory 2, 0 (0-0) 0, 0 (0–0) 1, 0 (0–0)
Outpatient visit,  64, 38 (0–95) 52, 19 (0–80) 49, 22 (0–66)

rheumatologist
Other RA medication* 189, 178 (102–241) 175, 157 (80–242) 198, 177 (116–249)
Other outpatient visits 48, 17 (0–58) 40, 0(0–49) 55, 0 (0–23)
General practitioner 43, 18 (0–56) 47, 30 (0–73) 39, 18 (0–60)
Other medication on 380, 232 (17–623) 321, 87 (3–599) 314, 116 (4–601)

prescription
Surgery, endoscopy, radiology 18, 0 (0–0) 140, 0 (0–0) 168, 0 (0–0)
Hospitalization 326, 0 (0–0) 315, 0 (0–0) 535, 0 (0–0)
Paramedical treatment 290, 0 (0–497) 241, 0 (0–293) 318, 0 (0–460)
Subtotal 1398, 937 (444–1784) 1409, 884 (429–1813) 1776, 946 (429–1798)

Nonmedical costs
Travelling costs 25, 15 (6–32) 26, 10 (2–24) 24, 8 (0–32)
Absenteeism 1277, 0 (0–0) 1600, 0 (0–0) 927, 0 (0–0)
Out of pocket costs** 640, 26 (0–718) 597, 58 (0–568) 570, 12 (0–528)
Subtotal 1942, 75 (12–1122) 2222, 204 (11–968) 1520, 143 (4–925)

Total costs 3339, 1472 (672–3360) 3632, 1743 (830–3248) 3296, 1342 (696–3756)

* Nonsteroidal antiinflammatory drugs, corticosteroids, and other antirheumatic medication. ** Help at home,
medication not on prescription, and other expenses related to RA.

Hartman, et al: Economic evaluation of folate 905
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Table 5. Effect of changes in cost-prices on the mean (median) medical costs per patient (US$).

Medical Costs Placebo Folic Acid Folinic Acid

This study 1398 (937) 1409 (884) 1776 (946)
Price comedication high — 1446 (920) 2022 (1205)
Price comedication low — 1363 (839) 1775 (945)
Price rheumatologist high 1469 (1063) 1468 (984) 1832 (970)
Price rheumatologist low 1375 (928) 1391 (876) 1760 (909)
Price hospitalization high 2482 (956) 2225 (884) 3366 (953)
Price hospitalization low 1350 (937) 1373 (884) 1706 (946)
Price intensive care high 1403 (937) 1426 (884) 1795 (946)
Price intensive care low 1376 (937) 1355 (884) 1714 (946)

Figure 2. Bootstrap resamples indicating the uncertainty around the ICER for differences in the mean
medical costs per patient related to differences in drug survival A. Folic acid versus placebo. B. Folinic
acid versus placebo.
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economic advantages that we had anticipated. We should
emphasize, however, that this conclusion is valid for situa-
tions where patients are closely monitored and do not, upon
MTX failure, switch to antirheumatic drugs that are consid-
erably more expensive. In current circumstances the addi-
tional investment to prevent MTX failure will be more than
compensated by the savings on treatment with biologicals.

Finally, our study shows the importance of contextual
factors on the outcome of an economic analysis. This
emphasizes the importance of modeling studies as a comple-
ment to primary studies such as these, to investigate the
influence of a number of variables on the relative cost-effec-
tiveness of different strategies.
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APPENDIX
The EuroQol Questionnaire
Mobility 
• I have no problems in walking about
• I have some problems in walking about
• I am confined to bed 

Self-care
• I have no problems with self-care
• I have some problems washing or dressing myself
• I am unable to wash or dress myself

Usual activities (e.g., work, study, housework, family or leisure activities)
• I have no problems with performing my usual activities
• I have some problems with performing my usual activities
• I am unable to perform my usual activities

Pain/discomfort 
• I have no pain or discomfort
• I have moderate pain or discomfort
• I have extreme pain or discomfort

Anxiety/depression 
• I am not anxious or depressed
• I am moderately anxious or depressed
• I am extremely anxious or depressed
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