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Abstract
Background: Methotrexate is the most commonly used disease modifying antirheumatic drug in the treatment of
juvenile idiopathic arthritis and can be effective in controlling disease in many patients.
Main body: A significant proportion of patients experience nausea and vomiting induced by methotrexate therapy,
which can lead to decreased quality of life and discontinuation of treatment with methotrexate. Many strategies
have been employed in attempts to reduce methotrexate-induced nausea, including folate supplementation,
switching from oral to subcutaneous methotrexate, anti-emetic therapy, behavioral therapy, and others. Anticipatory
nausea can be difficult to treat, making primary prevention of nausea with anti-emetics an attractive approach.
Conclusion: Understanding the prevalence and impact of methotrexate-induced nausea, as well as potentially
effective interventions, may help maximize the therapeutic benefits of methotrexate.
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Background
Juvenile idiopathic arthritis (JIA) is defined by the
International League of Associations for Rheumatology
as arthritis of an unknown etiology that persists for at
least 6 weeks in children under the age of sixteen [1]
and is the most common rheumatic disease in childhood
[2]. Effective and timely treatment is necessary to ensure
present and future quality of life for children with JIA [2].
After initially serving in the 1950’s as a treatment for
acute leukemia and other malignancies, methotrexate
(MTX) was shown to be efficacious in the treatment of
children with chronic arthritis. This was first published
in 1992 in the breakthrough US-USSR controlled study
[3], with subsequent controlled trials and observational
studies supporting its findings [4–6]. MTX became the
most commonly used disease modifying antirheumatic
drug (DMARD) to treat JIA and remains the most common to the present day [7–9]. Treatment with MTX has
the infrequent but serious potential to cause significant
hepatotoxicity or bone marrow suppression; however, the
frequency and consequences of MTX-induced nausea
likely have a greater clinical impact in practice [10, 11].
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The gastrointestinal (GI) adverse effects of MTX, most
commonly MTX-induced nausea, frequently lead to
non-adherence or discontinuation of this otherwise effective and low-cost drug. Different strategies have been
employed to diminish the adverse GI effects of MTX,
and these have met with variable success. In this paper,
we aim to review the published data about MTXinduced nausea in the treatment of JIA, as well as
possible management approaches including the use of
newer anti-nausea medications.

Frequency and significance of MTX-induced
nausea
Although nausea is one of the most frequent adverse
effects of MTX, its prevalence and epidemiology in
children with JIA has not been completely characterized.
One cross-sectional descriptive study performed in the
Netherlands reported the prevalence of MTX intolerance
owing to GI effects as determined by the Methotrexate
Intolerance Severity Score (MISS) to be 50.5% in a cohort
of 297 children with JIA. In the same study, 191 (64%)
patients experienced MTX-induced nausea, and 81 (27%)
reported MTX-associated vomiting [11]. A cohort study
of new MTX initiators in the Netherlands reported a 1 year
incidence of 42% for MTX intolerance owing to GI effects
[12]. An international randomized clinical trial of two
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doses of methotrexate involving 80 patients with polyarticular JIA reported nausea in 21% and vomiting in 11% of
patients [6]. In a survey of 49 adolescents in England with
inflammatory arthritis who were receiving MTX, 73% reported nausea and 43% reported vomiting [10]. In a multicenter, double blind, placebo-controlled crossover clinical
trial that analyzed the use of low-dose oral methotrexate
in 88 children with JIA, nausea was reported in 28% [4].
One survey of 171 mothers of children with JIA reported
that almost a third of the JIA patients felt sick every week
and 15% vomited every week after taking MTX [13]. A recent survey regarding MTX related nausea and vomiting
in patients with JIA was completed by 84 pediatric
rheumatology care providers in the United Kingdom
(UK). Approximately one-half of the respondents reported
the development of nausea and vomiting associated with
MTX in greater than 25% of their patients during the first
year of treatment with MTX [14].
In summary, there is a wide range of reported rates of
MTX-induced nausea in the treatment of JIA (Table 1).
The minimum estimate appears that at least 1 out of 5
patients, and perhaps as many as 3 out of 4 patients, suffer from MTX-induced nausea, depending on the definition of nausea used and the method of ascertainment.
Importantly, MTX-induced nausea has been associated
with significantly decreased quality of life in children
with JIA [13] and the presence of significant GI symptoms in general has been associated with worse quality
of life in children with JIA [15].
MTX-induced nausea often results in discontinuation
of MTX and consequent initiation of other medications.
In the open label screening phase of a randomized study
of MTX dosing, 9 of the 25 (36%) children who discontinued low-dose MTX did so owing to GI complaints
[6]. In a retrospective review of 58 children with JIA
who received leflunomide, 39 (67%) of them had discontinued MTX because of nausea [16]. In the recent survey
of pediatric rheumatology care providers in the UK, it

was estimated that greater than 10% of patients who initiated treatment with biologic agents did so because of
intolerance of MTX-induced nausea [14].

Clinical factors associated with MTX-induced
nausea
A few clinical factors have been reported to be associated with an increased incidence of MTX-induced nausea. A survey of patients with inflammatory arthritis
demonstrated an inverse relationship between age and
MTX-induced nausea and vomiting; adolescent patients
had over six times higher odds of reporting nausea when
compared to adult patients (odds ratio (OR) 6.31 [95%
confidence interval (CI) 2.38-16.75]). This study also
found that patients who were taking MTX for more
than 1 year had almost four times higher odds of developing nausea compared to patients on MTX for only
3–11 months (OR 3.86 [95% CI 1.71-11.79]) [10].
Anticipatory nausea associated with MTX
Anticipatory nausea is a known psychological adverse effect of MTX that develops through classical conditioning. Nausea may be triggered by cues such as seeing
MTX or simply hearing the word spoken [17]. Although
anticipatory nausea is well-studied in cancer patients receiving chemotherapy treatment and has a reported frequency of 30% [11], it has only been assessed in a few
studies of children with JIA (Table 1). In the aforementioned survey of adolescents who receive MTX, anticipatory nausea was reported in 41% of the participants [10].
In the aforementioned survey of mothers of children
with JIA receiving MTX, nearly 25% reported anticipatory nausea with every weekly dose of MTX and more
than 35% reported any anticipatory nausea [13]. The
previously mentioned cross-sectional study performed in
the Netherlands reported 9% of patients experienced
anticipatory nausea. Interestingly, among patients who
were considered to be MTX intolerant according to the

Table 1 Published prevalence rates of GI adverse effects associated with MTX in the treatment of JIA
Author

Year
Study design
published

Number of
subjects

Method of
MTX-intolerance due Nausea with
ascertainment to GI effects
MTX

Vomiting with Anticipatory
MTX
nausea

Bulatovic

2011

Cross-sectional

297 patients

MISS

51%

64%

27%

9%

van Dijkhuizen 2015

Cohort study of
new MTX initiators

142 patients

MISS

42%
(1 year incidence)

(n/a)

(n/a)

(n/a)

Ruperto

2004

Randomized clinical 80 patients
trial of MTX

Direct
questioning

(n/a)

21% (monthly) 11% (monthly) (n/a)

Patil

2014

Survey

Questionnaire (n/a)

73%

43%

41%

Woo

2000

Randomized clinical 88 patients
trial of MTX

Direct
questioning

28% (monthly) (n/a)

(n/a)

Mulligan

2013

Survey

171 parents

Questionnaire (n/a)

~32% (weekly) 15% (weekly)

25% (weekly)
>35% (any)

Amin

2015

Survey

84 physicians Questionnaire (n/a)

~25% in first year

(n/a)

49 patients

MTX methotrexate, GI gastrointestinal, MISS methotrexate intolerance severity score

(n/a)
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MISS, 18.7% reported anticipatory nausea, whereas no
MTX tolerant patients reported anticipatory nausea. Anticipatory nausea can be difficult to treat and may result
in non-adherence and treatment discontinuation. The
best strategy appears to be to avoid the development of
anticipatory nausea in the first place [18].

Assessing MTX-induced nausea
Bulatovic et al. developed the Methotrexate Intolerance
Severity Score (MISS) instrument to measure MTX intolerance owing to GI-related symptoms [11]. The MISS
includes items about stomachache, nausea, vomiting, and
behavioral complaints and assesses both direct MTX effects as well as anticipatory or associative effects. With
physician’s opinion serving as the gold standard, the validation study determined that 90% of patients were correctly
classified as being MTX intolerant using the MISS [11].
The MISS has subsequently been used to study adults
with rheumatoid arthritis and psoriatic arthritis [19].
Another instrument to evaluate GI-related symptoms
in JIA is the Gastrointestinal Symptom Scale for Kids
(GISSK) [15]. This instrument was developed to assess
for GI-related symptoms in general, not symptoms specifically related to treatment. It assesses dyspepsia, upper
and lower abdominal pain, nausea, diarrhea, constipation, vomiting, and anorexia. The validation study identified the presence of GI symptoms in the majority (58%)
of children with JIA, with 22% having nausea [15]. The
GISSK does not specifically assess the temporal relationship between symptoms and medication administration,
including anticipatory symptoms. Given its targeted
development, the MISS is likely a superior method to
assess MTX-associated nausea and intolerance in
children with JIA, although the two instruments have
not been compared directly in a study.
Folate supplementation for MTX-induced nausea

Folic acid (vitamin B9) and folinic acid (5-formyl tetrahydrofolate) are forms of folate that can be taken orally
to attempt to reduce MTX toxicities. Both are able to
function in biosynthetic pathways that are independent
of the dihydrofolate reductase enzyme that MTX inhibits
as part of its mechanism of action. It is thought that
folic acid and folinic acid help to reduce the adverse effects of MTX by replenishing depleted intracellular folate levels that occur in hepatocytes and peripheral blood
lymphocytes of patients treated with MTX. However, because the exact mechanisms of action of MTX in the
treatment of arthritis are unknown, there is some concern that folate supplementation may reduce the efficacy
of MTX, especially if the antirheumatic effects are mediated partially through folate antagonism [20].
Folate supplementation in JIA has been examined in a
few published studies. In a randomized double blind
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placebo controlled crossover trial of 19 children with
juvenile arthritis receiving MTX, each subject received
either folic acid or placebo for 12 weeks to observe the
impact of folic acid supplementation on the efficacy of
MTX. It was determined that 1 mg/day of folic acid did
not result in increased disease activity. The effects of
folic acid on MTX-induced nausea were not assessed. A
retrospective chart review of 43 children with juvenile
arthritis who initiated folinic acid supplementation
following the development of adverse effects of MTX
demonstrated that folinic acid significantly reduced GIassociated symptoms from a mean of 1.09 episodes per
patient-year to a mean 0.29 episodes per patient-year
[21]. When starting MTX for the first time, 67% of respondents in the UK pediatric rheumatology provider
survey reported always or often (>50% of the time) concurrently starting folic acid [14].
Folate supplementation in adult patients receiving
methotrexate for rheumatoid arthritis was the subject of
a recently published Cochrane Review [20]. A metaanalysis of 6 randomized controlled trials revealed a significant risk reduction for nausea, vomiting, or abdominal pain (RR 0.74 [95% CI 0.59 to 0.92]) with the use of
folate supplementation compared to placebo. Folate supplementation did not appear to have any effect on the
efficacy of MTX as measured by tender and swollen
joint counts and physician global assessment scores. The
results of the review did not show any definite clinical
advantage of one form of folate supplementation over
the other. However, because folic acid is considerably
less expensive than folinic acid, folic acid is probably the
more cost-effective therapy [20].
Subcutaneous MTX for nausea reduction

A common perception among rheumatologists is that
the oral route of MTX administration is more likely to
result in nausea and vomiting compared to the parenteral route, but the published evidence is challenging to
interpret. In support of the common perception, a published retrospective review of 61 children with JIA
treated with oral MTX identified 11 patients who were
subsequently switched to SQ MTX because of nausea.
Of these 11 patients, 9 (82%) experienced complete resolution of nausea and the other 2 experienced less severe
nausea and were able to continue MTX therapy [22].
On the other hand, some studies have found the
prevalence of MTX-induced nausea and vomiting to be
greater in patients receiving parenteral MTX compared
to those receiving oral MTX. The aforementioned survey
of adolescents and adults with inflammatory arthritis reported that 77% of patients on parenteral MTX experienced nausea compared to 37% in the oral group
(p < 0.0001) [10]. In a survey of 171 mothers of children
with JIA, children receiving SQ MTX had higher
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adjusted odds of feeling sick before (OR 2.33 [95% CI
0.96-5.66]) but not necessarily after (OR 1.50 [95% CI
0.69 to 3.26]) MTX administration compared to those
receiving oral MTX. Children receiving SQ MTX also
had higher adjusted odds of vomiting after administration (OR 3.75 [95% CI 1.28-11.06]) compared to oral
MTX [13]. Bulatović et al. found that the prevalence of
nausea in patients receiving parenteral MTX was 61 versus 41% for oral MTX (p = 0.002), and patients receiving
parenteral MTX had a higher adjusted odds of being
MTX intolerant according to the MISS questionnaire
compared to those receiving oral MTX (OR 1.9 [95% CI
1.01-3.58]) [11]. Importantly, these studies shared a
major limitation: one of the primary reasons for children
to switch from the oral to SQ route of administration is
initial GI intolerance of the oral route, and this bias was
not addressed.
A recently published cross-sectional study was conducted at several centers in Germany with the goal of
assessing how the route of MTX administration affects
MTX intolerance in patients with JIA [23]. The MISS
questionnaire was used to compare MTX intolerance in
2 patient groups: 95 patients receiving oral MTX with
no history of SQ MTX use and 46 patients receiving SQ
MTX with no history of oral MTX use. The median
methotrexate dose for the exclusively PO group and the
exclusively SQ group was comparable at 11.8 mg/m2/
week and 11.6 mg/m2/week, respectively. A greater proportion of patients receiving SQ MTX had MTX intolerance according to the MISS instrument compared to
those receiving oral MTX (43 vs. 29%, OR: 3.4[95% CI
1.2-10.0]); however, there was no significant difference
in the prevalence of nausea or vomiting between the 2
groups, and the significant differences between the
groups lie in the behavioral components of intolerance.

Anti-emetics for MTX-induced nausea
Ondansetron is a 5-HT3-receptor antagonist that is often
used to treat nausea induced by chemotherapy in cancer
patients. Ondansetron is an effective first-line antiemetic
for children treated with chemotherapy and has been
shown to be significantly more effective than metoclopramide and chlorpromazine in comparative studies [24].
More recently, ondansetron has been increasingly used to
treat other causes of nausea. For example, a Cochrane Review analyzed the results of studies of ondansetron in the
emergency department for vomiting related to acute
gastroenteritis in children and found significant reductions in hospitalization rates and in the need for intravenous fluids [25]. In addition, ondansetron has been shown
to be very well tolerated by children in the treatment of
nausea for various indications. [18, 24–26].
Perhaps more relevant to the issue of MTX-induced
nausea in children with JIA, ondansetron appears
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effective in pediatric patients with Crohn disease and
MTX-induced nausea. In a retrospective study, researchers evaluated the occurrence of MTX-induced
nausea among children with Crohn disease who received
ondansetron pre-medication with the first dose of SQ
MTX compared to those who did not initially receive
ondansetron pre-medication [27]. Among the 50 children who initially received ondansetron pre-medication,
only 1 (2%) experienced nausea in the 3 months after
starting MTX, compared to 6 (60%) among the 10
children who did not initially receive ondansetron
premedication (p < 0.001). Four of the 6 children who
developed nausea without ondansetron premedication
subsequently received ondansetron prior to weekly MTX
doses and had no more complaints. The authors
concluded that ondansetron was effective therapy for
MTX-induced nausea associated with parenteral treatment in children with Crohn disease [27].
Ondansetron has also been shown to be effective in
treating MTX-induced nausea in adults with rheumatoid
arthritis. In an observational study, 9 adults with
rheumatoid arthritis were given ondansetron because
they had severe nausea that persisted despite receipt of
the anti-emetic metoclopramide and switching MTX
from oral to intramuscular administration [28]. Following initiation of ondansetron, the intensity and duration
of nausea declined dramatically in all patients, and this
improvement continued throughout the 24 weeks of
follow-up.
Some pediatric rheumatologists are using ondansetron
in clinical practice. Among the 84 respondents to the
UK provider survey, 21% always or often (>50% of the
time) start an anti-emetic concurrently when starting
MTX for the first time. When prescribing an antiemetic, ondansetron was the first choice for 88% of respondents [14].
Dosing recommendations for the use of ondansetron
for the prevention of nausea and vomiting associated
with emetogenic medications are provided by the manufacturer. For children ages 4 to 11 years, the recommended dose is 4 mg orally given 30 min prior to
emetogenic medication. For children age 12 years or
older, the recommended dose is 8 mg orally given
30 min prior to emetogenic medication [29]. Patients
may take 1–2 additional doses of ondansetron every 8 h
as needed for post-MTX nausea and vomiting.
Behavioral interventions for MTX-induced anticipatory
nausea

Behavioral interventions may help increase tolerance to
MTX and reduce the occurrence of associative and
anticipatory nausea. In a retrospective chart review of
children with JIA, investigators reported outcomes for
10 patients who were referred to a pediatric psychologist
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for behavioral therapy for anticipatory nausea (N = 6)
and anxiety (N = 9) related to MTX [17]. Behavioral
therapy was adapted to age. Children less than 10 years
old received the “Magic Box” method based on systemic
desensitization by distraction, and older children received cognitive behavioral therapy. The behavioral therapy intervention was found to be fully effective in 5
children (50%), moderately effective in 2 children (20%),
and not effective in 3 children (30%) [17].

role. Because TNFi and other newer therapeutic agents
are considerably more expensive than MTX, increased
tolerance of MTX among patients in whom it is effective
could represent a significant cost-savings. In addition,
because the combination of MTX and a biologic agent is
generally more effective than a biologic agent alone [32],
decreasing the impact of MTX-associated nausea would
likely also benefit patients whose arthritis is refractory to
MTX monotherapy.

Alternative therapies to MTX
MTX-induced nausea can be intolerable and may lead to
medication discontinuation. Fortunately for patients,
there are alternative therapies available in cases of MTX
intolerance.
Leflunomide is a non-biologic agent that is effective
for the treatment of JIA. Leflunomide was directly compared to MTX in a randomized, blinded, placebocontrolled clinical trial of 94 children with polyarticular
JIA who were naïve to both drugs [30]. At 16 weeks following randomization, a greater proportion of children
in the MTX group achieved an ACR Pedi 30 response
compared to the leflunomide group (89 versus 68%;
p = 0.02). This observed result may have been partially
attributable to differences in medication dosing, and
other measures of effectiveness were similar between the
two medications. In observational studies, children who
initiated treatment with leflunomide owing to intolerance of MTX generally demonstrated good clinical responses and were not likely to discontinue leflunomide
due to nausea [16, 30]. Taken together, these findings
suggest that MTX may be more effective, but leflunomide is a possible alternative in the event that a patient
cannot receive MTX for various reasons [30]. Because it
is more expensive than MTX [31] and less well-studied,
in clinical practice leflunomide is generally reserved for
patients who have failed MTX owing to either intolerance or inefficacy [7].
Newer biologic agents, in particular the tumor necrosis
factor inhibitors (TNFi), have been shown to be highly effective in the treatment of JIA [32]. MTX intolerance has
been addressed in many patients by stopping MTX and
initiating treatment with TNFi, although this practice has
not been well-studied. A majority of the respondents
(63%) in the UK survey reported more than 10% of their
patients were switched from MTX to a biologic in response to MTX associated nausea and vomiting [14].
In contrast to current recommendations to use MTX
prior to biologics [32], it appears that in clinical practice
many patients receive TNFi without a trial of MTX use
according to a recently published study of pharmacy
records from the United States [8]. The reasons for this
practice were unclear from this study, but the anticipated relatively high rate of MTX intolerance may play a

Conclusions
MTX is an effective, relatively safe, and low-cost treatment for children with JIA, but its use is often limited
by significant nausea. Various management approaches
have been attempted and there is no clear single preferred method. Folate supplementation should likely be
taken by all patients receiving MTX to help prevent
nausea, as well as potentially counteract other adverse effects of MTX. Co-medication with anti-emetics, such as
ondansetron, appears to be a highly effective approach,
and behavioral therapies may be helpful with anticipatory
nausea. There are alternative therapies to MTX in cases of
intolerance, but initial prevention of intractable nausea is
likely the best approach.
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