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Dietary Caffeine Intake Does Not Affect Methotrexate
Efficacy in Patients with Rheumatoid Arthritis
ELIZABETH BENITO-GARCIA, JENNY E. HELLER, LORI B. CHIBNIK, NANCY E. MAHER, 
HEATHER M. MATTHEWS, JESSICA A. BILICS, MICHAEL E. WEINBLATT, and NANCY A. SHADICK

ABSTRACT. Objective. Methylxanthines, like caffeine, have been thought to reverse the antiinflammatory effects of
methotrexate (MTX) in rheumatoid arthritis (RA). We investigated whether patients with RA taking
MTX with a higher dietary caffeine intake have a worse clinical response to MTX than those with a
lower intake.
Methods. Patients with RA enrolled in a prospective cohort study and currently taking MTX were divid-
ed equally into low, moderate, and high caffeine consumers. MTX clinical response was defined by the
Disease Activity Score (DAS)28, Multidimensional Health Assessment Questionnaire (MDHAQ) score,
and duration of morning stiffness. Regression models were used to study the relationship between caf-
feine intake and MTX response adjusting for age, sex, and other relevant variables at study enrollment.
Results. Two hundred and sixty-four patients with RA taking MTX had an average caffeine intake of
211.7 mg and average MTX dose of 16.0 mg/wk. The low caffeine group comprised 87 patients, the
moderate 86, and the high 91. In 3 multivariate models, there was no statistical difference in MTX effi-
cacy between groups, as measured by DAS28 score, MDHAQ score, and duration of morning stiffness
at study enrollment. Moderate and high caffeine group had higher DAS28 scores, physician’s global
assessment, and swollen joint counts, but differences were not significant. 
Conclusion. Caffeine intake among patients taking high doses of MTX for RA did not affect MTX effi-
cacy and RA disease activity over time. (J Rheumatol 2006;33:1275–81)
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Methotrexate (MTX) is the most commonly prescribed disease
modifying antirheumatic drug (DMARD) for rheumatoid
arthritis (RA)1. Originally developed as an antimetabolite, it is
now given in doses of 7.5 mg to 25 mg per week for RA, psor-
iasis, and other rheumatic illnesses2. Several studies published
over the last few years have postulated that caffeine consump-
tion may interfere with the efficacy of MTX3-6. While high
doses of caffeine administered to rats treated with MTX
appeared to reverse the benefits of the medication, results have
not been validated in large populations of human subjects3.

The biological mechanism by which MTX acts in RA is
complex, and no single theory explains all of its effects. MTX,
which has a structure similar to folic and folinic acid, inhibits
multiple folate-dependent metabolic processes. One interest-
ing effect, accorded increasing importance in the literature, is
its impact on the adenosine cascade. Patients treated with

MTX have an increased concentration of the purine nucleo-
side, adenosine, in their blood and urine7. MTX, an antifolate
prodrug that is converted to polyglutamates in the body’s
cells, likely increases levels of adenosine by blocking a step in
purine biosynthesis, leading to the accumulation of its inter-
mediates8. MTX polyglutamates inhibit the enzyme 5-
aminoimidazole-4-carboxamide ribonucleotide (AICAR)
transformylase, raising intracellular levels of AICAR, which
in turn increases levels of adenosine9. It has also been pro-
posed that MTX contributes to the dephosphorylation of ade-
nine nucleotides, creating an accumulation of adenosine in the
tissues. Adenosine exerts potent antiinflammatory action by
inhibiting inflammatory cell function and production of
inflammatory cytokines, largely through receptors on the sur-
face of neutrophils, macrophages, and endothelial cells8,10-12. 

Methylxanthines, such as the asthma drug theophylline or
the caffeine found in tea, coffee, some soft drinks, cocoa, and
chocolate, are adenosine receptor antagonists13. Since MTX
likely acts by increasing extracellular adenosine, methylxan-
thines, in preventing the nucleoside from acting on receptors,
could reverse the effects of MTX therapy. In a rat adjuvant
model of inflammatory arthritis, caffeine and theophylline
attenuated the antiinflammatory benefits of MTX3. In 2001, in
the first investigation of potential antagonistic action of caf-
feine in humans treated with MTX, Silke and colleagues
showed that, in a cohort of 91 patients with RA, of those who
stopped taking MTX, 26% were regular coffee drinkers, com-
pared with only 2% of patients still receiving MTX. Eighty
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percent of patients who had been heavy coffee drinkers dis-
continued MTX due to treatment failure, leading to the
hypothesis that caffeine interfered with MTX efficacy4. In a
subsequent study of 39 patients with RA, Nesher, et al pre-
sented additional evidence that caffeine could reverse some
benefits of MTX therapy in patients with RA5. 

Previous studies on effects of caffeine on MTX efficacy
have not addressed differences in dose duration and size, tim-
ing of caffeine ingestion, or the possibility of a threshold level
of caffeine required to reverse the antiinflammatory mecha-
nism. MTX is polyglutamated and retained intracellularly for
long periods. Its half life is 8 hours, but the clinical effects last
for a week14. Adenosine receptors, overstimulated by
increased adenosine in and around cells, may become desen-
sitized by MTX use over time, potentially modifying the
effect methylxanthines could exert. With G-protein-coupled
receptors, such as those activated by adenosine, repeated ago-
nist exposure has been shown to result in down-regulation of
receptors15,16. In addition, research has shown that receptors
may function differently in chronic and acute inflammation,
indicating that perhaps longer studies are needed to determine
the effect of caffeine on chronic, systemic disease17. 

We investigated in a large cohort with RA whether patients
taking MTX who reported a higher dietary caffeine intake had
a worse clinical response to MTX than those reporting a lower
caffeine intake. We examined and compared inflammatory
changes in the 3 groups at study enrollment. 

MATERIALS AND METHODS
Study population. We studied a sample of 264 patients currently receiving
MTX therapy drawn from the Brigham Rheumatoid Arthritis Sequential
Study (BRASS). BRASS is a prospective observational cohort of 900 patients
with rheumatologist-diagnosed RA that seeks to identify biomarkers and
genetic indicators to predict drug response and toxicity and disease activity in
patients with RA. All patients at the Robert Breck Brigham Arthritis Center
with a billing diagnosis of RA (714.0) or seronegative inflammatory arthritis
(714.9) over 18 years old without systemic lupus erythematosus or psoriatic
arthritis were eligible for recruitment.

The study collected information on disease severity, functional status,
level of fatigue, medications, and adverse events. At enrollment, patients
completed self-administered and interview questionnaires describing demo-
graphic information, functional status, and general health state; they provid-
ed hand radiographs and serum, DNA, and RNA for proteomic and genetic
analysis. Every 6 months they completed self-administered questionnaires
through the mail, updating medications, general health state and functional
status. At yearly clinic visits, patients provided RNA and serum, as well as
additional interview and self-administered questionnaires. Physicians com-
pleted 28-swollen joint counts, global assessments, and information about
comorbidities at baseline and every year thereafter.

All research was carried out in compliance with the Helsinki Declaration
and approved by the Brigham and Women’s Hospital Internal Review Board. 

Exposure. At enrollment, all BRASS participants completed a food frequen-
cy questionnaire (FFQ) providing information about their average consump-
tion of beverages over the past year. They described how often and in what
quantities they consumed caffeinated colas, both diet and regular; other car-
bonated beverages with caffeine, such as Dr. Pepper; coffee, both decaf-
feinated and regular; and tea, also both decaffeinated and regular. Patients
were not asked about intake of chocolate or other foods with caffeine.

We calculated the amount of caffeine in each type of drink using values

provided by the Harvard Nurses Health Study, obtained from the US
Department of Agriculture18. We determined daily caffeine intake (in mg) for
each participant by multiplying the frequency of consumption of each bever-
age unit (one cup of tea or coffee and one can of cola) by the caffeine content
of the specified unit. We divided the patients taking MTX into 3 groups: low,
moderate, and high caffeine intake. We chose to separate the cohort into 3
groups to better capture differences along the Gaussian distribution through a
larger separation of the low and high groups.

Only one patient in the cohort reported taking Uniphyl (a sustained
release form of theophylline).

Outcome. Our primary outcome for MTX clinical response was the Disease
Activity Score-28 (DAS28), calculated from data collected at enrollment; we
used components of the DAS score [C-reactive protein (CRP) level,
Physician’s Global Assessment (PGA) of disease severity, and the 28-swollen
joint count (SJC)] as secondary measures to evaluate whether one factor was
driving the outcome. As additional secondary outcomes, we evaluated dura-
tion of morning stiffness and the Multidimensional Health Assessment
Questionnaire (MDHAQ) score to assess functional capabilities and extent of
current disease activity. We defined each variable categorically based on gen-
erally accepted cut-off points. DAS28  low: < 3.2, DAS28 high: ≥ 3.2; CRP
low: < 3.0, CRP high: ≥ 3.0 high; PGA low: < 4.0, PGA high: ≥ 4.0; SJC
low: < 6.0, SJC high: ≥ 6.0; morning stiffness low: < 1 hour, high: ≥ 1 hour;
MDHAQ low: < 1.0, MDHAQ high: ≥ 1.0.

Statistical analyses. We compared the 3 caffeine-intake groups across a series
of variables, including age, gender, marital status, educational level, annual
income, disease duration, extent of fatigue, and MTX dose. We presented p
values from t tests for continuous variables (age, RA disease duration, fatigue,
and MTX dose) and chi-square analyses for the categorical exposures (all oth-
ers). To compare the 3 groups at enrollment, we used a crude model and 2
multivariate models, adjusting for RA duration and additionally adjusting for
age and sex. We used a significance level of 0.05 for all p values and 95%
confidence intervals (CI) for all models. All analysis was performed using
SAS statistical package version 9.1.

RESULTS
Population characteristics. The cohort had a mean age of 57.4
years (83.3% women) and mean disease duration of 14.4
years. Average caffeine intake was 211.7 mg daily, slightly
more than the average daily intake for the American adult,
estimated in recent research at 200 mg (about one and a half
cups of coffee)19,20. Average MTX dose was 16.0 mg/wk. We
analyzed 87 low caffeine consumers with a mean age of 58.3
years (± 15.2), 86 moderate caffeine consumers with a mean
age of 58.3 years (± 14.1), and 91 high caffeine consumers
with a mean age of 55.6 years (± 13.3) (p = 0.33) (Table 1).
Differences between the 3 groups in gender, age, and annual
income were not statistically significant. Eighty-four percent
of those in the low caffeine group were female, compared with
86% in the moderate intake group, and 80% in the high intake
group (p = 0.57). There were marginally significant differ-
ences in educational levels between the groups, with a greater
percentage of the moderate caffeine consumers achieving the
highest level of education (p = 0.05) (Table 1). 

While we hypothesized that people with a higher caffeine
intake could also have a higher level of fatigue, no statistical-
ly significant difference between the groups was observed, as
measured by the visual analog scale (p = 0.17). Mean MTX
dose was similar at 17.1 mg (± 5.8) for the low caffeine con-
sumers, 15.4 mg (± 5.7) for the moderate consumers, and 15.5
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(± 5.2) for the high consumers (p = 0.08). Those in the mod-
erate group had a longer average disease duration, with 66%
having been diagnosed with RA for 10 years or more, while
only 52% of those in the highest group and 62% of those in
the low group reported disease duration of 10 years or greater.
None of the differences were significant (p = 0.12) (Table 1).
There were no significant differences between the 3 groups in
duration of MTX use (p = 0.35) or in the number of DMARD
taken (Table 1).

Relationship of caffeine intake with different disease severity
variables. Disease activity as measured by DAS28, CRP,
PGA, SJC, morning stiffness, and MDHAQ, did not vary sig-
nificantly between groups. While those with moderate and
high caffeine consumption generally had more elevated
DAS28, PGA, and SJC, the differences were not statistically
significant (Table 2). DAS28 levels did not differ significant-
ly between the 3 groups in any of the models [in the fully
adjusted model; for moderate caffeine intake, odds ratio (OR)
= 1.6, 95% CI: 0.8–3.2; for high caffeine intake, OR = 1.6
95% CI: 0.8–3.4]. There was also no significant change in
CRP levels between the 3 groups. Similarly, differences in
duration of morning stiffness and MDHAQ scores were sta-
tistically insignificant (Table 2). Six percent of the MTX users
had been taking the medication for 2 months or less, but

adjusting for MTX duration made no difference in the multi-
variate model (results not shown). Figure 1 depicts the graphs
of the adjusted OR for these results.

When we adjusted for any medications that could consis-
tently modify inflammation levels and thus MTX efficacy
(prednisone, solumedrol, sulfasalazine, leflunomide, and
tumor necrosis factor (TNF)-α inhibitors), OR for our model
remained around 1.0 (results not shown). Of the 264 MTX
users, 29.2% were taking folic acid, 26.3% leucovorin, and
51.2% either leucovorin or folic acid. In our model, leucov-
orin and folic acid consumption did not confound results. In
addition, cigarette smoking has been hypothesized to interfere
with some antiinflammatory effects of MTX. In our cohort,
however, there were only 16 current smokers among the MTX
users, and smoking was also not a confounding factor (results
not shown).

DISCUSSION
Adenosine acts through 4 subclasses of receptors, known as
P1 receptors, found on inflammatory cells: A1, A2A, A2B, and
A3

21. These are large transmembrane proteins that influence
cell signaling by coupling with G-proteins thus modulating
any number of life-sustaining processes6,22. There are multi-
ple theories as to how, by acting on these receptors, adenosine
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Table 1. Socio-demographic and clinical characteristics of our study patients according to caffeine consump-
tion. Significance was determined using analysis of variance for continuous variables and chi-squared analysis
for categorical variables.

Variable Low Intake Moderate Intake High Intake p
n = 87 n = 86 n = 91

Caffeine mg/day, median (range) 39 (0–105) 165 (106–260) 422 (260–1058)
Age, mean ± SD 58.3 ± 15.2 58.3 ± 14.1 55.6 ± 13.3 0.33
Sex, n (% female) 73 (84) 74 (86) 73 (80) 0.57
Marital status, n (% married) 52 (60) 54 (63) 58 (64) 0.85
Educational level, n (%) 0.05

High shool 20 (23) 25 (29) 17 (19)
College 45 (52) 33 (38) 56 (62)
Graduate school 22 (25) 28 (33) 18 (20)

Annual income, n (%) 0.65
< $30,000 17 (25) 17 (23) 12 (15)
$30,000–69,999 23 (33) 25 (34) 30 (38)
≥ $70,000 29 (42) 32 (43) 38 (47)

Disease duration, n (% ≥ 10 yrs) 53 (62) 57 (66) 47 (52) 0.12
Fatigue, VAS 0–100, median 50.0 42.5 40.0 0.17*
MTX dose, mean ± SD 17.1 ± 5.8 15.4 ± 5.7 15.5 ± 5.2 0.08
MTX duration, mo, median 42.0 48.0 30.0 0.35*
Number of current DMARD, n (%) 0.29

0 35 (40) 44 (51) 46 (51)
1 45 (52) 37 (43) 43 (47)
2 7 (8) 5 (6) 2 (2)

Number of past DMARD, n (%) 0.16
0 24 (28) 17 (20) 26 (29)
1 14 (16) 20 (23) 28 (31)
2 22 (25) 23 (27) 14 (15)
≥ 3 27 (31) 26 (30) 23 (25)

* Wilcoxon Rank Sum test. VAS: visual analog scale; MTX: methotrexate; DMARD: disease modifying
antirheumatic drug.
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suppresses inflammation and protects the body from its
effects. First, through the A2A receptor on the neutrophil
membrane surface, it may stop the production of the superox-

ide anion and formation of respiratory burst reactions, pro-
tecting vascular endothelial cells from tissue damage23.
Second, high concentrations of adenosine, through the media-
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Table 2. Mean and 95% confidence interval (CI) of disease activity measures for the main exposures: moderate
versus low and high versus low caffeine dietary intake. RA duration was measured as a continuous variable.

Outcomes Univariate Models, Multivariate Model 1 Multivariate Model 2,
OR (95% CI) Adjusted for Duration Further Adjusted for

of RA, OR (95% CI) Age and Sex, OR (95% CI)

DAS28 (< 3.2 vs ≥ 3.2)
Low 1.0 1.0 1.0
Moderate 1.5 (0.7–2.9) 1.6 (0.8–3.2) 1.6 (0.8–3.2)
High 1.3 (0.7–2.5) 1.6 (0.8–3.1) 1.6 (0.8–3.4)

CRP (< 3 vs ≥ 3)
Low 1.0 1.0 1.0
Moderate 1.5 (0.8–2.9) 1.5 (0.8–2.9) 1.5 (0.8–2.9)
High 0.7 (0.4–1.4) 0.7 (0.4–1.4) 0.7 (0.4–1.5)

PGA score (< 4 vs ≥ 4)
Low 1.0 1.0 1.0
Moderate 1.4 (0.7–2.8) 1.4 (0.7–2.8) 1.4 (0.7–2.9)
High 1.3 (0.6–2.6) 1.3 (0.7–2.7) 1.3 (0.6–2.6)

28-Swollen joint count (< 6 vs ≥ 6)
Low 1.0 1.0 1.0
Moderate 1.5 (0.8–2.7) 1.6 (0.9–2.9) 1.6 (0.9–2.9)
High 1.3 (0.7–2.3) 1.4 (0.8–2.7) 1.5 (0.8–2.7)

Morning stiffness (≤ 1 hour vs > 1 hour)
Low 1.0 1.0 1.0
Moderate 0.6 (0.3–1.3) 0.6 (0.3–1.2) 0.6 (0.3–1.2)
High 1.1 (0.6–2.2) 1.1 (0.5–2.1) 1.1 (0.5–2.1)

MDHAQ (≤ 1 vs > 1)
Low 1.0 1.0 1.0
Moderate 1.2 (0.6–2.6) 1.4 (0.6–2.9) 1.4 (0.6–2.9)
High 0.9 (0.4–1.9) 1.0 (0.5–2.1) 1.0 (0.4–2.1)

DAS: disease activity score; MDHAQ: multidimentional health assessment questionnaire; PGA: physician’s
global assessment; OR: odds ratio.

Figure 1. Measures of MTX efficacy for the 3 caffeine-intake groups. *p values were not signifi-
cant in comparisons across all groups.
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tion of A2 receptors, can inhibit Fc-gamma-receptor phago-
cytic activity of monocytes, although low concentrations of
adenosine have the opposite effect. Adenosine also potential-
ly influences cytokine production through TNF-α, interleukin
(IL)-6, IL-8, IL-10, and IL-1224. Third, adenosine likely
inhibits inflammatory action of the endothelial cells by
enhancing impermeability of the cell barrier, by encouraging
angiogenesis of endothelial cells, and by suppressing produc-
tion of certain key cytokines and adhesive molecules, such as
vascular cell adhesion molecule (VCAM)-1 and intercellular
adhesion molecule (ICAM)-125. Finally, again through the A2
receptors, adenosine may be involved in T cell deactivation
and apoptosis of certain T cells6,10.

Methylxanthines non-selectively antagonize these recep-
tor-mediated processes26 and thus could be expected to coun-
teract some of the adenosine-mediated beneficial effects of
MTX therapy. In a rat adjuvant arthritis model, caffeine or
theophylline, administered over a 25-day period at 10
mg/kg/day, to rats receiving 0.75 mg/kg/wk of MTX reversed
antiinflammatory actions of the medication. Neither caffeine
nor theophylline administered without MTX affected the
onset or severity of arthritis in the rats. The authors conclud-
ed that their findings provided strong evidence that, in this
model of RA, MTX exerts its antiinflammatory effects
through adenosine, likely acting through all 4 receptors3. Rats
in the study, however, received 3–4 times more caffeine per
kg/day than the participants in our cohort, who ingested an
average of 211.7 mg of caffeine per day. Their doses of caf-
feine and MTX were carefully regulated, unlike the more nat-
ural consumption patterns of our subjects. 

Our findings conflict with the results of the aforemen-
tioned study and 2 previous studies performed in human pop-
ulations on the effects of caffeine on MTX efficacy. Both pre-
vious human population studies had sample sizes less than
half of ours, limiting their capacity for multivariate analysis.
The Silke study suggested that caffeine had potentially inter-
fered with MTX efficacy in the 80% of participants who were
heavy coffee drinkers. Caffeine intake was defined by the
number of cups of coffee, measured on a weekly basis, rather
than mg of caffeine, introducing variability of cup size and
caffeine content into the analysis4.

In Nesher’s study of patients with RA taking MTX, those
who consumed more than 180 mg of caffeine daily experi-
enced less improvement in morning stiffness and joint pain
than those who consumed less than 120 mg of caffeine5.
Across a number of other variables, including tender joint
count, swollen joint count, and erythrocyte sedimentation rate
(ESR), there was no statistical difference between the caffeine
groups. Our study methodology differed from Nesher’s in
several ways that could explain the discrepancies in the
results. First, the study’s small sample size of 39 patients lim-
ited its statistical power and capacity to infer results. Second,
Nesher’s participants started receiving MTX at the inception
of the study, while many of our patients had been taking the

medication for years prior to their enrollment in BRASS. Our
study, therefore, may have captured the longterm effects of
MTX and caffeine interaction, an area largely unexplored and
perhaps affected by desensitization of adenosine receptors.
Adjusting for MTX duration within our own caffeine groups,
however, did not affect our results. Third, while the average
caffeine consumption was similar, patients in Nesher’s study
were on a lower dose of MTX, starting the study at 7.5 mg of
MTX per week, while the average for our study was more
than double that number (16.0 mg), meaning that our subjects
may have required a higher caffeine consumption to reverse
the antiinflammatory effects of the higher dose of MTX5. 

In our cohort of 264 patients, caffeine intake did not appear
to affect MTX efficacy. The number of patients in the cohort
provided 80% power to detect an OR of 2.6 between the low
and high caffeine consumers. We determined DAS28 to be an
effective measure of overall disease activity because it
includes both serum indicators of inflammation and physician
evaluations of disease control. It thus seemed an accurate sur-
rogate for MTX efficacy. We also looked at the 3 components
of the DAS independently to determine whether one was inde-
pendently driving our results. We further examined 2 other
clinical measures of disease activity: morning stiffness and
MDHAQ. In comparing the 3 categories of caffeine con-
sumers across these variables and adjusting first simply for
disease duration and then for age, sex, and disease duration,
we did not find statistically significant differences.

We hypothesized that perhaps, in these patients, MTX had
a secondary effect. Other medications that did not rely on the
adenosine cascade were instead controlling their disease
activity. Adjusting our multivariate models for confounding
effects of other medications, however, did not change the out-
comes. There was also no significant difference between the 3
groups in the total number of DMARD taken. When we
adjusted for any medications that could consistently modify
inflammation levels and thus MTX efficacy (prednisone, sol-
umedrol, sulfasalazine, leflunomide, and TNF-α inhibitors),
OR for our model remained around 1.0 (results not shown).
Leucovorin (folinic acid) and folic acid taken to reduce side
effects of MTX have been shown to reduce its antiinflamma-
tory benefits in large doses27-29. In our model, leucovorin and
folic acid consumption use did not confound the results. In
addition, cigarette smoking has been hypothesized to interfere
with some of the antiinflammatory effects of MTX, such as
reduction of the superoxide anion generation30, but in our
cohort smoking was not a confounding factor.

Our study has several limitations. First, the caffeine doses
consumed by our study population might not have been high
enough to antagonize the effect of MTX, although our caf-
feine intake is similar to the average caffeine intake in previ-
ous studies. Second, our results relied on the accuracy of
patient self-reported caffeine use. Each caffeine intake per
drink was approximated, based on the average amounts in a
cup of coffee, tea, or soda without accounting for differences
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across brands or cup sizes. We did not measure caffeine plas-
ma levels to verify patient reports. Third, we converted week-
ly caffeine consumption into an average daily dose and did not
account for the timing of the caffeine consumption either
within the day or the week; timing of the MTX dose and caf-
feine consumption could influence how much effect the
adenosine antagonist has on MTX. Fourth, individuals elimi-
nate caffeine from their blood differently and have different
factors influencing the caffeine-metabolizing enzyme,
CYP1A2, making it difficult to measure caffeine levels across
a sample population31. Finally, there are other mechanisms
that explain the action of MTX in RA that we did not take into
account, in particular some proinflammatory action through
A1 receptors32,33. Khoa, et al found that several prominent Th-
1 inflammatory cytokines mediate the effects of A2A adeno-
sine receptors, perhaps indicating that the extent of local
inflammatory response may influence receptivity of the RA
patient to MTX and its antagonists and thus the effect of caf-
feine on MTX efficacy34.

In this cohort of patients with longstanding RA, those in
the high caffeine group did not have a worse response to MTX
than those in the low or moderate caffeine groups; given our
80% power to detect a large effect, differences in DAS28 and
other inflammatory markers could not be detected. We suggest
additional large cohort studies of the impact of caffeine on
MTX and further work to correlate caffeine ingestion with
caffeine plasma levels and MTX efficacy. 

ACKNOWLEDGMENT
The authors would like to thank the study participants in the BRASS study for
their participation in this effort as well as our colleagues, the rheumatologists
in the Arthritis Center.

REFERENCES
1. Doan T, Massarotti E. Rheumatoid arthritis: an overview of new and

emerging therapies. J Clin Pharmacol 2005;45:751-62.
2. Weinblatt ME, Coblyn JS, Fox DA, et al. Efficacy of low-dose

methotrexate in rheumatoid arthritis. N Engl J Med 1985;312:818-22.
3. Montesinos MC, Yap JS, Desai A, Posadas I, McCrary CT, Cronstein

BN. Reversal of the anti-inflammatory effects of methotrexate by the
nonselective adenosine receptor antagonists theophylline and caffeine.
Arthritis Rheum 2000;43:656-63.

4. Silke C, Murphy MS, Buckley T, Busteed S, Molloy MG, Phelan M.
The effect of caffeine ingestion on the efficacy of methotrexate
[abstract]. Rheumatology Oxford 2001;40 Suppl:34.

5. Nesher G, Mates M, Zevin S. Effect of caffeine consumption on 
efficacy of methotrexate in rheumatoid arthritis. Arthritis Rheum
2003;48:571-2.

6. Chan ES, Cronstein BN. Molecular action of methotrexate in 
inflammatory diseases. Arthritis Res 2002;4:266-73.

7. Baggott JE, Morgan SL, Sams WM, Linden J. Urinary adenosine and
aminoimidazolecarboxamide excretion in methotrexate-treated
patients with psoriasis. Arch Dermatol 1999;135:813-7.

8. Cronstein BN, Naime D, Ostad E. The anti-inflammatory mechanism
of methotrexate: increased adenosine release at inflamed sites 
diminishes leukocyte accumulation in an in vivo model of 
inflammation. J Clin Invest 1993;92:2675-82.

9. Baggott JE, Vaughn WH, Hudson BB. Inhibition of 
5-aminoimidazole-4-carboxamide ribotide transformylase, adenosine

deaminase and 5-adenylate deaminase by polyglutamates of
methotrexate and oxidized folates and by 
5-aminoimidazole-4-carboxamide riboside and ribotide. Biochem 
J 1986;236:193-200.

10. Cronstein BN, Kramer SB, Weissman G, Hirschhorn R. Adenosine: a
physiological modulator of superoxide anion generation by human
neutrophils. J Exp Med 1983;158:1160-77.

11. Cronstein BN, Kramer SB, Weissman G, Hirschhorn R. A new 
physiological function for adenosine: regulation of superoxide anion
production. Trans Assoc Am Physicians 1983;96:384-391.

12. Salmon JE, Brogle N, Brownlie C. Human mononuclear phagocytes
express adenosine A1 receptors: a novel mechanism for differential
regulation of Fc gamma receptor function. J Immunol 
1993;151:2775-85.

13. Biaggioni I, Paul S, Puckett A, Arzubiaga C. Caffeine and 
theophylline as adenosine receptor antagonists in humans. Pharmacol
Exp Ther 1991;258:588-93.

14. Wolfrom C, Hepp R, Hartmann R, Breithaupt H, Henze G.
Pharmacokinetic study of methotrexate, folinic acid and their serum
metabolites in children treated with high dose methotrexate and 
leucovorin rescue. Eur J Clin Pharmacol 1990;39:377-83.

15. Gines S, Ciruela F, Burgueno J, et al. Involvement of caveolin in 
ligand-induced recruitment and internalization of A1 adenosine 
receptor and adenosine deaminase in an epithelial cell line. Mol
Pharmacol 2001;59:1314-23.

16. Trincavelli ML, Tuscano D, Marroni M, et al. A3 adenosine receptors
in human astrocytoma cells: agonist-mediated desensitization, 
internalization and down-regulation. Mol Pharmacol 2002;62:1373-84.

17. Ruiz MA, Albasanz JL, Leon D, Ros M, Andres A, Martin M.
Different modulation of inhibitory and stimulatory pathways mediated
by adenosine after chronic in vivo agonist exposure. Brain Res
2005;1031:211-21.

18. Harvard School of Public Health Nutritional Department.
Harvard.sffq.05/04.

19. Baggioni I, Davis SN. Caffeine: A cause of Insulin resistance?
Diabetes Care 2002;25:399-400.

20. Suleman A, Lorenzo N. Caffeine. Emedecine; 2004 Oct 24 [cited
2006 April 9]. Available from:
http://www.emedicine.com/neuro/topic666.htm

21. Fredholm BB, Ijzerman AP, Jacobson KA, Klotz KN, Linden J.
Nomenclature and classification of adenosine receptors. Pharmacol
Rev 2001;53:527-52.

22. Childers SR, Li X, Xiao R, Eisenach JC. Allosteric modulation of
adenosine A1 receptor coupling to G-proteins in brain. J Neurochem
2005;93:715-23.

23. Cronstein BN, Levin RI, Belanoff J, Weissmann G, Hirschhorn R.
Adenosine: an endogenous inhibitor of neutrophil-mediated injury to
endothelial cells. J Clin Invest 2001;78:760-70. 

24. Bouma MG, Stad RK, van den Wildenberg FA, Buurman WA.
Differential regulatory effects of adenosine on cytokine release by
activated human monocytes. J Immunol 1994;153:4159-68.

25. Yamasaki E, Soma Y, Kawa Y, Mizoguchi M. Methotrexate inhibits
proliferation and regulation of the expression of intercellular adhesion
molecule-1 and vascular cell adhesion molecule-1 by cultured human
umbilical vein endothelial cells. Br J Dermatol 2003;149:30-8.

26. Prediger RDS, Batista LC, Takahas RN. Caffeine reverses age-related
deficits in olfactory discrimination and social recognition memory in
rats: involvement of adenosine A1 and A2A receptors. Neurobiol Aging
2005;26:957-64. 

27. Hornung N, Ellingsen T, Stengaard-Pedersen K, Poulsen JH. Folate,
homocysteine, and cobalamin status in patients with rheumatoid
arthritis treated with methotrexate, and the effect of low dose folic
acid supplement. J Rheumatol 2004;31:2374-81.

28. Bamji A. Methotrexate and folic acid: what is the optimal 
combination? Rheumatology Oxford 2004;43:1060-1.

1280 The Journal of Rheumatology 2006; 33:7

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2006. All rights reserved.

 www.jrheum.orgDownloaded on April 8, 2024 from 

http://www.jrheum.org/


29. Weinblatt ME, Maier AL, Coblyn JS. Low dose leucovorin does not
interfere with the efficacy of methotrexate in rheumatoid arthritis: an
8 week randomized placebo controlled trial. J Rheumatol
1993;20:950-2. 

30. Naij L, DeMaster EG, Jaimes EA. Cigarette smoke-induced 
endothelium dysfunction: role of superoxide anion. J Hypertens
2001;19:891-7.

31. Eap CB, Bender S, Sirot EJ, et al. Nonresponse to clozapine and 
ultrarapid CYP1A2 activity: clinical data and analysis of CYP1A2
gene. J Clin Psychopharmacol 2004;24:214-9.

32. Johnston A, Gudjonsson JE, Sigmundsdottir H, Ludviksson BR,
Valdimarsson H. The anti-inflammatory action of methotrexate is not

mediated by lymphocyte apoptosis but by the suppression of 
activation and adhesion molecules. Clin Immunol 2005;114:154-63.

33. Cronstein BN, Daguma L, Nichols D, Hutchison AJ, Williams M. The
adenosine/neutrophil paradox resolved: human neutrophils possess
both A1 and A2 receptors that promote chemotaxis and inhibit 
O2 generation, respectively. J Clin Invest 1990;85:1150-7.

34. Khoa ND, Montesinos MC, Reiss AB, Delano D, Awadallah N,
Cronstein BN. Inflammatory cytokines regulate function and 
expression of adenosine A2A receptors in human monocytic THP-1
cells. J Immunol 2001;167:4026-32. 

1281Benito-Garcia, et al: Caffeine effects on MTX

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2006. All rights reserved.

 www.jrheum.orgDownloaded on April 8, 2024 from 

http://www.jrheum.org/

