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Abstract

Objectives

To study in more depth the relationship between type, dose, or duration of methylphenidate

offered to children and adolescents with attention deficit hyperactivity disorder and their

risks of gastrointestinal adverse events based on our Cochrane systematic review.

Methods and findings

We use data from our review including 185 randomised clinical trials. Randomised parallel-

group trials and cross-over trials reporting gastrointestinal adverse events associated with

methylphenidate were included. Data were extracted and quality assessed according to

Cochrane guidelines. Data were summarised as risk ratios (RR) with 95% confidence inter-

vals (CI) using the inverse variance method. Bias risks were assessed according to

domains. Trial Sequential Analysis (TSA) was used to control random errors.

Eighteen parallel group trials and 43 cross-over trials reported gastrointestinal adverse

events. All trials were at high risk of bias. In parallel group trials, methylphenidate decreased

appetite (RR 3.66, 95% CI 2.56 to 5.23) and weight (RR 3.89, 95% CI 1.43 to 10.59). In

cross-over trials, methylphenidate increased abdominal pain (RR 1.61, 95% CI 1.27 to
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2.04). We found no significant differences in the risk according to type, dose, or duration of

administration. The required information size was achieved in three out of four outcomes.

Conclusion

Methylphenidate increases the risks of decreased appetite, weight loss, and abdominal pain

in children and adolescents with attention deficit hyperactivity disorder. No differences in the

risks of gastrointestinal adverse events according to type, dose, or duration of administration

were found.

Introduction

Attention deficit hyperactivity disorder (ADHD) is one of the most common neuro-develop-

mental disorders in children and adolescents with an estimated worldwide prevalence of 5.3%

to 7.2% [1,2]. Methylphenidate is widely used as the first line drug in the treatment of ADHD

in children and adolescents [3–5].

Gastrointestinal adverse events are well-described in association with methylphenidate

administration to children and adolescents with ADHD. The most frequently reported adverse

events encompass decreased appetite, abdominal pain, diarrhoea, and nausea [3,6,7]. Earlier

studies differ regarding the type of methylphenidate preparation and risks of gastrointestinal

adverse events. Some studies report no difference in gastrointestinal adverse events, specifically

decreased appetite, between immediate release and extended release formulations of methyl-

phenidate [8–11]. Other studies suggest switching to another stimulant medication if the child

experience adverse events [7,12]. The consensus though seems to be an agreement to lower or

adjust the dose of methylphenidate if a patient experience gastrointestinal adverse events. Wol-

raich et al. suggested to decrease the dose of methylphenidate if the child experience abdomi-

nal pain [7]. Pliszka et al. suggested dose adjustment of the stimulant as a strategy for dealing

with adverse events in methylphenidate treatment [12].

As we could not find a clear relationship between the risk of gastrointestinal adverse events

and preparation type, duration of treatment, or methylphenidate dose in the literature, we

based the current study on our recent Cochrane systematic review on methylphenidate for

children and adolescents with ADHD [13–15]. The published Cochrane systematic review

does not include subgroup analyses regarding the risks of gastrointestinal adverse events

according to type, dose, and duration of methylphenidate administration. Our review only

includes analyses regarding the risk of gastrointestinal adverse events overall. Therefore, we

found it worthwhile to analyse the gastrointestinal adverse events in more detail.

Methods

This paper presents additional data and analyses focusing on gastrointestinal adverse events in

our Cochrane systematic review [13–15]. The protocol was published in the Cochrane Library

[16].

Data sources and search criteria

The literature search was carried out in: Cochrane Central Register of Controlled Trials, MED-

LINE, EMBASE, CINAHL, PsycINFO, ISI Conference Proceedings Citation Index, Clinical

Methylphenidate gastrointestinal adverse events

PLOS ONE | https://doi.org/10.1371/journal.pone.0178187 June 15, 2017 2 / 18

grant (DKR 532,901) from the Region Zealand

Research Foundation. The funders had no role in

study design, data collection and analysis, decision

to publish, or preparation of the manuscript.

Competing interests: Mathilde Holmskov - none

known. Ole Jakob Storebø - none known. Carlos R.

Moreira-Maia - receives financial research support

from the Conselho Nacional de Desenvolvimento

Cientı́fico e Tecnológico (CNPq). CRMM has

served as speaker for Novartis, has developed

educational materials for Novartis, has received

travel awards from the Health Technology

Assessment Institute (IATS) and the Universidade

Federal do Rio Grande do Sul (UFRGS), and has

received travel and registration support to attend

the 5th World Congress on ADHD from the World

Federation of ADHD. Erica Ramstad - none known.

Frederik Løgstrup Magnusson - none known. Helle

B. Krogh - none known. Camilla Groth - received

funds from the Lundbeck Foundation to finance

part of her Ph.D in the paediatric field on Tourette

Syndrome. CG confirms that none of these funds

were used to work on this review. Donna Gillies - is

an Editor with the Cochrane Developmental,

Psychosocial and Learning Problems Group.

Morris Zwi - sits on the Paediatric Medicines

Expert Advisory Group at the Medicines and

Healthcare Products Regulatory Agency, which

considers applications regarding licensing of

paediatric medicines. Payment for MZ’s attendance

at this meeting goes to his National Health Service

(NHS) organisation. Maria Skoog - none known.

Christian Gluud - none known. Erik Simonsen -

none known. People mentioned in the

acknowledgment section: Trine Danvad Nilausen –

none known. Susanne Rosendal - none known.

Kirsten Buch Rasmussen - none known. Dorothy

Gauci - none known. Richard Kirubakaran - is

currently employed by Cochrane South Asia. His

salary is funded by the Effective Healthcare

Research Consortium (EHCRC) for the Department

for International Development (DFID), UK. Bente

Forsbøl - none known. This does not alter our

adherence to PLOS ONE policies on sharing data

and materials.

https://doi.org/10.1371/journal.pone.0178187


Trials.gov, and International Clinical Trials Registry Platform (ICTRP) from origin and

updated up to February 2015.

Furthermore, we screened the reference lists of identified review articles, meta-analyses,

and a sample of included trials. Requests for published as well as unpublished data were sent to

pharmaceutical companies manufacturing methylphenidate. We also requested unpublished

studies from authors.

Further details on the data sources and search criteria are available at the Cochrane system-

atic review [13–15].

Study selection

We included randomised clinical trials describing children and adolescents diagnosed with

ADHD according to the Diagnostic and Statistical Manual of Mental Disorders [17–21] or

with hyperkinetic disorders according to the International Classification of Disease [22,23]. At

least 75% of the study participants had to be younger than 19 years and the mean age had to be

below 19 years. We included trials irrespective of comorbidities but at least 75% of the partici-

pants were required to have an intellectual capacity (IQ) above 70 points.

Trials assessing any methylphenidate presentation were included (immediate or extended

release, and transdermal system), and as comparator both placebo and no intervention were

accepted. Co-interventions were permitted if both groups received them and there were no

limitations on language, publication year, publication type, or publication status. Screening

and inclusion of studies were carried out according to The Cochrane Handbook for Systematic
Reviews of Interventions [13,24]. We made sure that data on patients from articles based on the

same randomised trial were only used once.

In the present paper, we selected the randomised clinical trials reporting on gastrointestinal

adverse events, e.g., decreased or increased appetite, abdominal pain, diarrhoea, nausea, vom-

iting, dry mouth, dyspepsia, and weight loss. The adverse events were measured by using

adverse events rating scales, e.g., Barkley Side Effects Rating Scale [25], spontaneous reports,

and/or recorded by the investigators at regular interviews.

Data extraction and quality assessment

Data were extracted from all included trials, which reported gastrointestinal adverse events.

Seventeen review authors extracted data, working together in groups of two independent data

extractors. Disagreements were resolved by discussion and we used an arbiter if required.

Before we embarked on data extraction, we developed data extraction forms (after performing

data extraction pilots, we updated these forms to accommodate extraction of more detailed

data and to facilitate standardised approaches to data extraction among review authors). All

data extractors used these extraction forms [13]. Risk of bias of the individual trials was

assessed according to The Cochrane Handbook for Systematic Reviews of Interventions [24]. For

each included trial, data extractors independently evaluated risk of bias domains, resolving dis-

agreements by discussion. We assessed and graded the quality of the evidence according to the

Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) [13,26].

Data synthesis and statistical analysis

Data from the parallel group trials were dichotomous and summarized as risk ratio (RR) with

95% confidence interval (CI), using the inverse variance method. Data from cross-over trials

were both dichotomous and continuous and were combined using the generic inverse variance

method and reported as RR with 95% CI. We used end of trial data from all cross-over trials.

Random-effects model was used. To test for possible carry-over effect and unit of analysis

Methylphenidate gastrointestinal adverse events
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error in the use of end of trial data from cross-over trials we made a subgroup analysis compar-

ing data on decreased appetite from parallel group trials with end of trial data from cross-over

trials. To test for possible effect of co-medication on the risk of gastrointestinal adverse events

we conducted subgroup analyses comparing trials with co-medication to trials without co-

medication.

Additional subgroup analyses were executed for type (defined as immediate release or

extended release (including modified-release, depot tablets, and transdermal preparations of

methylphenidate)), dose (defined as low� 20 mg/day (0.6 mg/kg/day) and moderate/high

(> 20mg/day) based on recommended treatment doses of methylphenidate [3,6]). Duration of

administration was defined as short-term� 8 weeks (56 days) and long-term > 8 weeks

according to the NICE guidelines [3].

Publication bias was assessed by testing for funnel plot asymmetry and performing Eggers’

statistical test for outcomes including at least 10 parallel group trials in the meta-analysis [24].

A meta-analysis should include a calculation of a required information size at least as large

as the sample size of an adequately powered single trial to reduce the risks of random errors,

taking into consideration the inconsistency of the meta-analysis [27–29]. Trial Sequential

Analysis (TSA) is a program that calculates the required information size for a meta-analysis,

providing adjusted statistical thresholds for benefits, harms, or futility before the required

information size is reached. TSA can thereby control the risks of type I and type II errors due

to sparse data and repetitive testing of accumulating data [27,28,30–32]. We used TSA to esti-

mate the required information size for the outcomes: decreased appetite, abdominal pain, nau-

sea, and vomiting.

The data were analysed using Review Manager [33].

Results

Trial selection

A total of 61 randomised trials (33%), 18 parallel group trials and 43 cross-over trials,

described gastrointestinal adverse events out of the 185 trials included in our review [13–15].

The PRISMA flow chart (Fig 1 [34]) shows the trials identified, screened, and included in this

systematic review.

Description of included trials

The description of the included trials can be seen in Table 1. Further characteristics of the

included parallel group trials and cross-over trials and full list of included trials are shown in

the supporting information (S1 and S2 Tables; S1 Text).

Risk of bias assessment of included trials

All 61 trials included were at high risk of bias, according to The Cochrane Handbook for Sys-
tematic Reviews of Interventions [24]. Three cross-over trials had low risk of bias in all domains

[35–37], but as the blinding may have been easily broken in these trials owing to prevalent

adverse events, we also consider these trials at high risk of bias [13–15].

Gastrointestinal adverse effects of methylphenidate compared with

placebo or no intervention in parallel group trials

In parallel group trials methylphenidate was associated with decreased appetite (RR 3.66; 95%

CI 2.56 to 5.23; 2,962 participants; 16 trials, Fig 2) and decreased weight (RR 3.89; 95% CI 1.43

to 10.59; 859 participants; 7 trials, Fig 3). Participants did not experience increased or

Methylphenidate gastrointestinal adverse events
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decreased risk of any of the following gastrointestinal adverse events: diarrhoea (RR 1.07; 95%

CI 0.41 to 2.77; 5 trials), dyspepsia (RR 1.80; 95% CI 0.71 to 4.54; 2 trials), increased appetite

(RR 0.07; 95% CI 0.00 to 1.43; 1 trial), nausea (RR 1.30; 95% CI 0.85 to 1.99; 11 trials), abdomi-

nal pain (RR 1.30; 95% CI 1.00 to 1.69; 13 trials), and vomiting (RR 1.17; 95% CI 0.76 to 1.79;

11 trials) (Graphics are shown in the supporting information (S1 Figs)).

We found no difference in the risk of any gastrointestinal adverse events according to type

of methylphenidate preparation: decreased appetite (P=0.11), decreased weight (P=0.28),

Fig 1. PRISMA flow chart [34].

https://doi.org/10.1371/journal.pone.0178187.g001
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dyspepsia (P=0.98), nausea (P=0.20), abdominal pain (P=0.72), and vomiting (P=0.85)

(Graphics are shown in the supporting information (S2 Figs)). We were not able to make a

subgroup analysis on diarrhoea as all participants in this group received extended release

methylphenidate.

We found no significant difference in the risk of decreased appetite between trials using low

dose (RR 2.87; 95% CI 0.87 to 9.45) and moderate/high dose (RR 2.57; 95% CI 1.96 to 3.35), (test

for subgroup differences: P=0.86), with an increased risk of decreased appetite only in the mod-

erate/high dose group. Seven studies did not report the dose of methylphenidate used (Fig 4).

We found no significant difference in the risk of any other gastrointestinal adverse events

according to dose: decreased weight (P=0.72), diarrhea (P=0.94), nausea (P=0.63), abdominal

pain (P=0.95), and vomiting (P=0.68) (Graphics are shown in the supporting information (S3

Figs)). Furthermore, we were not able to do the subgroup analysis on dyspepsia since we had

no information on dose of methylphenidate in any of the studies reporting on this outcome.

We found no significant difference in the risk of any gastrointestinal adverse events when

comparing short-term with long-term trials: decreased appetite (P=0.53), dyspepsia (P=0.98),

nausea (P=0.38), abdominal pain (P=0.18), and vomiting (P=0.95) (Graphics are shown in the

supporting information (S4 Figs)). We were not able to do the subgroup analysis on decreased

weight and diarrhoea as all the trials reporting this outcome were of short-term duration.

Gastrointestinal adverse effects of methylphenidate compared with

placebo or no intervention in cross-over trials

We found that methylphenidate decreased appetite (RR 3.04; 95% CI 2.35 to 3.94; 1,901 partic-

ipants; 36 trials, Fig 2) and increased abdominal pain (RR 1.61; 95% CI 1.27 to 2.04; 1,837

Table 1. Description of the included trials on methylphenidate for children and adolescents with attention deficit hyperactivity disorder.

Parallel group trials Cross-over trials

Number of studies 18 43

Number of publications 57 113

Number of participants 3,564 2,419

Mean age (range) 10.4 (6 to 18) years 9.4 (3 to 18) years

Number of males (%) 2,643 (74.2) 1,747 (72.2)

Type of methylphenidate* • IR-MPH: 3 studies

• ER-MPH: 13 studies

• IR- and ER-MPH: 2 studies

• IR-MPH: 15 studies

• ER-MPH: 14 studies

• IR- and ER-MPH: 6 studies

• Unknown: 8 studies

Dose range of methylphenidate (mg/day) 10 to 68 5 to 75

Number of trials reporting on low and high dose** • Low dose: 0 trials

• High dose: 8 trials

• Both low and high dose: 3 trials

• Unknown dose: 7 trials

• Low dose: 16 trials

• High dose: 6 trials

• Both low and high dose: 17 trials

• Unknown dose: 4 trials

Mean duration of treatment (days) 43 15.6

Number of trials of short-term and long-term duration*** • Short term: 15 trials

• Long term: 2 trials

• Unknown duration: 1 trial

• Short term: 43 trials

• Long term: 0 trials

* ER-MPH: extended-release methylphenidate (including modified-release, depot tablets, and transdermal preparations of methylphenidate); IR-MPH:

immediate-release methylphenidate.

** Low dose:� 20 mg/day (0.6 mg/kg/day); high dose: > 20 mg/day.

*** Short-term duration� 8 weeks (56 days); long-term duration > 8 weeks.

https://doi.org/10.1371/journal.pone.0178187.t001

Methylphenidate gastrointestinal adverse events

PLOS ONE | https://doi.org/10.1371/journal.pone.0178187 June 15, 2017 6 / 18

https://doi.org/10.1371/journal.pone.0178187.t001
https://doi.org/10.1371/journal.pone.0178187


Fig 2. Parallel group trials and cross-over trials: Risk of decreased appetite. IV: inverse variance. Random: random-

effect model. CI: confidence interval. The risk of bias items was rated as low (plus), unclear (question mark) or high risk of

bias (minus): A: Random sequence generation (selection bias). B: Allocation concealment (selection bias). C: Blinding of

participants and personnel (performance bias). D: Blinding of outcome assessment (detection bias). E: Incomplete outcome

data (attrition bias). F: Selective reporting (reporting bias). G: Vested interest.

https://doi.org/10.1371/journal.pone.0178187.g002
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participants; 33 trials, Fig 5). One trial observed that methylphenidate increased appetite (RR

0.20; 95% CI 0.08 to 0.50; 68 participants; 1 trial [11]). Participants did not experience an

increased or decreased risk of any other gastrointestinal adverse events (Graphics are shown in

supporting information (S1 Figs)).

We found no significant difference when comparing the risk of various gastrointestinal

adverse events according to type or dose of methylphenidate.

We were not able to perform subgroup analyses on duration of methylphenidate treatment

as all cross-over trials were short-term trials (mean = 15.6 days).

Parallel-group trials compared to cross-over trials

We found no significant difference in the risk of the main outcome decreased appetite between

parallel-group and cross-over trials (P = 0.41; I2 = 0%; Fig 2). Furthermore, we found no differ-

ence in the risk of abdominal pain between parallel group and cross-over trials (P=0.23; Fig 5).

Possible effect of co-interventions on the risk of gastrointestinal adverse

events in parallel group trials and cross-over trials

Only two parallel group trials [38,39] and two cross-over trials [40,41] used co-interventions.

We conducted subgroup analyses comparing these trials to all trials not including co-inter-

ventions. None of these tests showed significant subgroup difference when comparing a sub-

group including trials with co-interventions to a subgroup excluding these trials (Graphics are

shown in supporting information (S5 Figs).

Publication bias

Asymmetry of the funnel plots for the outcomes including at least 10 parallel group trials (Fig

6) and the Eggers’ test suggested publication bias for decreased appetite: Eggers’ regression

intercept (bias) was 8.717 (two-tailed P = 0.020). Eggers’ test for the outcomes nausea (Egger’s

regression intercept (bias) was 2.16 (two-tailed P = 0.215)), abdominal pain (Egger’s regression

intercept (bias) was 1.11 (two-tailed P = 0.136)), and vomiting (Egger’s regression intercept

(bias) was 1.438 (two-tailed P = 0.271)) showed no statistical significance to conclude whether

Fig 3. Parallel group trials: Risk of decreased weight. IV: inverse variance, Random: random-effect model. CI:

confidence interval. The risk of bias items was rated as low (plus), unclear (question mark) or high risk of bias (minus): A:

Random sequence generation (selection bias). B: Allocation concealment (selection bias). C: Blinding of participants

and personnel (performance bias). D: Blinding of outcome assessment (detection bias). E: Incomplete outcome data

(attrition bias). F: Selective reporting (reporting bias). G: Vested interest.

https://doi.org/10.1371/journal.pone.0178187.g003
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or not there was publication bias in the meta-analysis on these outcomes (Eggers’ tests are

shown in supporting information (S2 Text).

Trial Sequential Analysis

We conducted Trial Sequential Analyses on the outcomes: decreased appetite (16 trials), nau-

sea (11 trials), abdominal pain (13 trials), and vomiting (11 trials) (Fig 7).

For the outcome decreased appetite the required information size was 14,286 participants.

The cumulative Z-score (dark line) crosses the trial sequential monitoring boundaries for

harm (lighter inward sloping line) after the twelfth trial, and stayed below the boundary, thus

the risk of random error in the finding can be excluded (Fig 7A).

Fig 4. Parallel group trials: Risk of decreased appetite according to dose of methylphenidate. IV: inverse variance, Random:

random-effects model. CI: confidence interval. The risk of bias items was rated as low (plus), unclear (question mark) or high risk of bias

(minus): A: Random sequence generation (selection bias). B: Allocation concealment (selection bias). C: Blinding of participants and

personnel (performance bias). D: Blinding of outcome assessment (detection bias). E: Incomplete outcome data (attrition bias). F: Selective

reporting (reporting bias). G: Vested interest. Low dose:� 20 mg/day (0.6 mg/kg/day); high dose: > 20 mg/day (0.6 mg/kg/day).

https://doi.org/10.1371/journal.pone.0178187.g004
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Fig 5. Parallel group trials and cross-over trials: Risk of abdominal pain. IV: inverse variance, Random: random-effects model.

CI: confidence interval. The risk of bias items was rated as low (plus), unclear (question mark) or high risk of bias (minus): A: Random

sequence generation (selection bias). B: Allocation concealment (selection bias). C: Blinding of participants and personnel

(performance bias). D: Blinding of outcome assessment (detection bias). E: Incomplete outcome data (attrition bias). F: Selective

reporting (reporting bias). G: Vested interest.

https://doi.org/10.1371/journal.pone.0178187.g005
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For the outcomes nausea and vomiting the cumulative Z-scores (dark lines) crossed into

the areas of futility (in between the two lighter lines). Therefore, there was no need for con-

ducting further trials based on the assumed intervention effect of RRR of 10%, an alpha of 5%,

and a beta of 20% had the trials been at low risk of bias (Fig 7B and 7C).

For abdominal pain the required information size was 4,830 participants. The cumulative Z

curve did not cross the conventional or trial sequential monitoring boundaries for benefit,

harm, or futility. Therefore, we still do not know the association between methylphenidate and

this adverse event (Fig 7D).

Discussion

To our knowledge, this is the most comprehensive systematic review and meta-analysis on gas-

trointestinal adverse events due to methylphenidate use according to type, dose, and duration

of the stimulant use in children and adolescents with ADHD in the international literature.

Our results showed a risk of decreased appetite, decreased weight, and increased abdominal

pain comparing methylphenidate with placebo or no intervention. There was no significant

difference in the risk of gastrointestinal adverse events according to type, dose, or duration of

methylphenidate administration.

Fig 6. Funnel plot, parallel group trials: Decreased appetite, nausea, abdominal pain, and vomiting. SE: standard error; log:

logarithm; RR: relative risk.

https://doi.org/10.1371/journal.pone.0178187.g006
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We found no differences in the risk of gastrointestinal adverse events when comparing

immediate-release to extended-release methylphenidate, which is in accordance with earlier

studies [8–11].

Guidelines on methylphenidate for children and adolescents with ADHD suggest that the

risk of decreased appetite may be controlled by dose reduction [6]. Also, Stein et al. found that

the proportion of participants who reported severe decreased appetite increased as methylphe-

nidate dose increased from 18 mg/day to 54 mg/day [37]. Our findings suggest that the dose of

methylphenidate has no influence on the risk of gastrointestinal adverse events. However,

these findings are based on data from less than 10 studies. Moreover, the design of the studies

Fig 7. Trial Sequential Analysis, parallel group trials, decreased appetite, nausea, vomiting, and abdominal pain. DARIS: diversity

adjusted required information size; Pc: Event proportion in the control group; RRR: relative risk reduction in the intervention group; a: type I

error; b: type II error; DIVERSITY: diversity (D-square). A) Decreased appetite: The required information size was 14,286 participants. The

cumulative Z-score (dark line) crosses the trial sequential monitoring boundaries for harm (lighter inward sloping line) after the twelfth trial,

and stayed below the boundary, thus the risk of random error in the finding can be excluded. Therefore, there may be no need for conducting

further trials based on the assumed intervention effect of RRR of 20%, an alpha of 5%, and a beta of 20% regarding this outcome. B)

Nausea: The cumulative Z-scores (dark lines) crossed into the areas of futility (in between the two lighter lines). Therefore, there may be no

need for conducting further trials based on the assumed intervention effect of RRR of 10%, an alpha of 5%, and a beta of 20%. C) Vomiting:

The cumulative Z-scores (dark lines) crossed into the areas of futility (in between the two lighter lines). Therefore, there may be no need for

conducting further trials based on the assumed intervention effect of RRR of 10%, an alpha of 5%, and a beta of 20%. D) Abdominal pain:

The required information size was 4,830 participants. The cumulative Z curve did not cross the conventional or trial sequential monitoring

boundaries for benefit, harm, or futility. Therefore, based on the assumed intervention effect of RRR of 10%, an alpha of 5%, and a beta of

20% we may still need more evidence on this adverse event.

https://doi.org/10.1371/journal.pone.0178187.g007
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does not allow firm conclusions about the effect of dose reduction on the risk of gastrointesti-

nal adverse events, as we lack randomised clinical trials assessing such benefits.

The subgroup analysis on decreased appetite showed no difference in the estimate and no

heterogeneity between parallel-group trials and cross-over trials, suggesting no carry-over

effect in the cross-over trials and no unit of analysis error [24].

Both parallel group trials and cross-over trials found an increased risk of decreased appetite,

but only the cross-over trials found an increased risk of abdominal pain (RR 1.61; 95% CI 1.27

to 2.04). When testing the statistical difference between these results one will see no statistical

subgroup difference: Test for subgroup differences: Chi2 = 1.44, df = 1 (P = 0.23), I2 = 30.7%

(Fig 5). The seemingly contrasting findings between parallel group trials and cross-over trials

may in fact not be so much in contrast.

Limitations and strengths

GRADE assessment on our main comparison decreased appetite in parallel group trials led to

downgrading the quality of the evidence to ‘very low quality’ (due to high risk of bias and due

to publication bias). This may influence the overall findings of this review, as trials with high

risk of bias seem to underestimate harmful effects [42–44]. The funnel plot and Eggers’ tests

showed publication bias for the outcome decreased appetite (and no statistical significance to

conclude there is publication bias for the outcomes nausea, abdominal pain, and vomiting)

meaning that there might be a tendency to underreport decreased appetite in trials examining

methylphenidate. These limitations probably mean that this review is underestimating the

harmful intervention effects of methylphenidate.

The methods used to assess and evaluate adverse events in the included trials were unsys-

tematic, being a mixture of spontaneous reports and rating scales. The optimal would likely be

to use a combination of both.

Our cut-offs for low and moderate/high dose and short-term and long-term duration of

administration are somewhat arbitrary. Setting another cut-off might change the results of our

subgroup analyses. However, the recommended starting dose of methylphenidate is 10 to 20

mg per day regarding the type of methylphenidate. And the recommended maximum daily

maintenance dose of methylphenidate is 54 to 72 mg (or 0.7 mg/kg/dose b.i.d. or t.i.d. [6,12,45].

Also the cut-off of low:< 0.6 mg/kg/day, medium: 0.6-1.0 mg/kg/day, and high:> 1.0 mg/kg/

day was previously used in Hazell et al. [46], which is also very similar to Prasad et al. and

Schachter et al. [47,48]. The cut-off of< 20mg/day as low and> 20mg medium/high was used

in the meta-analysis of Kimko at al. [49] and a similar approach was also used in the well-

known systematic review and meta-analysis of King at al. to the Health Technology Assessment

(UK) [50]. To sum up, we made all efforts to conduct a systematic review/meta-analysis with

similar methods as used in the best studies previously published. We therefore find the cut-off

of 0.6 mg/kg/day fair, still recognizing the problems that might be related to this.

In a lot of the trials there was lack of information on the children’s weight. Only two parallel

group studies and 11 cross-over trials recorded the dose of methylphenidate in mg/kg. The

rest of the studies recorded the dose in mg/day without reporting the weight of the children.

In addition, not all studies provided information on methylphenidate dose and the number

of trials reporting on moderate/high dose was three to four times higher.

Furthermore, we are aware of disadvantages associated with dichotomizing continuous out-

comes such as a loss of power [51,52], but we did this due to very heterogeneous reporting in

the trials.

Many of the cross-over trials also lacked information on type of methylphenidate, likely

due to the fact that extended-release methylphenidate was first introduced in 1998. Readers
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must consider these shortcomings when interpreting the results of this comprehensive meta-

analysis.

The trials included in this article are predominantly short-term trials with duration varying

from two to six weeks, and only two parallel-group trials of 16 weeks (112 days) were included

in the long-term group [38,53]. Consequently, little can be concluded about the risk of gastro-

intestinal adverse events and decreased weight in methylphenidate treatment longer than these

time spans.

Our review also has a number of strengths: first of all, it was conducted as a Cochrane

review following the instructions from the Cochrane Handbook [24] and the PRISMA guide-

lines [34]. Second, a detailed protocol was published prior to the review being conducted [16].

Third, the literature search was comprehensive and systematic. Pharmaceutical companies

and the researchers in the field were contacted in order to obtain data from unpublished trials.

As result, we think our approach has led to the best possible gathering of relevant literature on

the topic. Furthermore, our meta-analysis of parallel group trials showed enough power in

three out of four outcomes according to the Trial Sequential Analysis.

Conclusions

Short-term methylphenidate treatment may increase the risk of decreased appetite, weight

loss, and abdominal pain in children and adolescents with ADHD. We have limited knowledge

on the risks of gastrointestinal adverse events follow long-term use. There appears to be no dif-

ference in the risk of gastrointestinal adverse events, including decreased appetite, due to type,

dose or duration of methylphenidate treatment. However, these findings should be interpreted

in the light of several limitations including: low quality of evidence for the outcomes (which

might underestimate the actual risk of gastrointestinal adverse events); lack of information on

type and dose of methylphenidate in the included studies; lack of information on gastrointesti-

nal adverse events from long-term studies. Therefore, even though methylphenidate might be

the most-studied psychoactive medication for a specific child mental disorder in the field, fur-

ther randomised clinical trials of high quality with long study duration, dose and type of meth-

ylphenidate clearly reported, and a systematic measuring of gastrointestinal adverse events

including weight and height are needed.

Clinical significance

Methylphenidate seems to increase the risk of decreased appetite, weight, and abdominal pain

in children and adolescents with ADHD. All types, doses, and durations of methylphenidate

seem to influence the risk of gastrointestinal adverse events. The evidence is limited by serious

risk of bias in the included trials and a lack of studies of longer duration.
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5. Kadesjö B. ADHD in Children and Adults [ADHD hos barn och vuxna]. Socialstyrelsen. 2002; Stock-

holm 2002.

6. Taylor E, Dopfner M, Sergeant J, Asherson P, Banaschewski T, Buitelaar J, et al. European clinical

guidelines for hyperkinetic disorder—first upgrade. Eur Child Adolesc Psychiatry. 2004; 13 Suppl 1:7–

30.

7. Wolraich ML, McGuinn L, Doffing M. Treatment of attention deficit hyperactivity disorder in children and

adolescents: safety considerations. Drug Saf. 2007; 30(1).

8. Punja S, Zorzela L, Hartling L, Urichuk L, Vohra S. Long-acting versus short-acting methylphenidate for

paediatric ADHD: a systematic review and meta-analysis of comparative efficacy. BMJ Open. 2013; 3

(3).

9. Lyseng-Williamson KA, Keating GM. Extended-release methylphenidate (Ritalin LA). Drugs. 2002; 62

(15):2251–9; discussion 2260–1. PMID: 12381228

10. Kim B-N, Kim Y-N, Cheong U-S, Kim J-W, Hwang J-W, Shin M-S, et al. Switching from Methylpheni-

date-Immediate Release (MPH-IR) to Methylphenidate-OROS (OROS-MPH): A Multi-center, Open-

label Study in Korea. Clin Psychopharmacol Neurosci Off Sci J Korean Coll Neuropsychopharmacol.

2011 Apr; 9(1):29–35.

11. Pelham WE, Gnagy EM, Burrows-Maclean L, Williams A, Fabiano GA, Morrisey SM, et al. Once-a-day

Concerta methylphenidate versus three-times-daily methylphenidate in laboratory and natural settings.

Pediatrics. 2001 Jun; 107(6).

12. Pliszka S. Practice parameter for the assessment and treatment of children and adolescents with atten-

tion-deficit/hyperactivity disorder. J Am Acad Child Adolesc Psychiatry. 2007 Jul; 46(7):894–921.

https://doi.org/10.1097/chi.0b013e318054e724 PMID: 17581453

13. StorebøOJ, Ramstad E, Krogh HB, Nilausen TD, Skoog M, Holmskov M, et al. Methylphenidate for chil-

dren and adolescents with attention deficit hyperactivity disorder (ADHD) (Review). Cochrane Database

Syst Rev. 2015a; 2015a(11):829.

14. StorebøOJ, Krogh HB, Ramstad E, Moreira-Maia CR, Holmskov M, Skoog M, et al. Methylphenidate

for attention-deficit/hyperactivity disorder in children and adolescents: Cochrane systematic review with

meta-analyses and trial sequential analyses of randomised clinical trials. BMJ. 2015b; 351:h5203.

15. StorebøOJ, Simonsen E, Gluud C. Methylphenidate for Attention-Deficit/Hyperactivity Disorder in chil-

dren and adolescents. J Am Med Assoc JAMA Clin Evid Synop. 2016;2016; 315(18):2009–2010.

Methylphenidate gastrointestinal adverse events

PLOS ONE | https://doi.org/10.1371/journal.pone.0178187 June 15, 2017 16 / 18

https://doi.org/10.1097/YCO.0b013e3281568d7a
http://www.ncbi.nlm.nih.gov/pubmed/17551354
https://doi.org/10.1542/peds.2014-3482
https://doi.org/10.1542/peds.2014-3482
http://www.ncbi.nlm.nih.gov/pubmed/25733754
https://doi.org/10.1097/01.chi.0000235077.32661.61
http://www.ncbi.nlm.nih.gov/pubmed/17023867
http://www.ncbi.nlm.nih.gov/pubmed/12381228
https://doi.org/10.1097/chi.0b013e318054e724
http://www.ncbi.nlm.nih.gov/pubmed/17581453
https://doi.org/10.1371/journal.pone.0178187


16. StorebøOJ, Rosendal S, Skoog M, Groth C, Bille T, Buch Rasmussen K, et al. Methylphenidate for

attention deficit hyperactivity disorder (ADHD) in children and adolescents. Protocol. Cochrane Data-

base Syst Rev. 2012; 2012(5).

17. American Psychiatric Association (APA). Diagnostic and Statistical Manual of Mental Disorders, Third

Edition ( DSM-III). 1980; 1980.

18. American Psychiatric Association (APA). Diagnostic and Statistical Manual of Mental Disorders, Third

Edition, Revised (DSM-III-R). 1987; 1987.

19. American Psychiatric Association (APA). Diagnostic and Statistical Manual of Mental Disorders, Fourth

Edition ( DSM-IV). 1994; 1994.

20. American Psychiatric Association (APA). Diagnostic and Statistical Manual of Mental Disorders, Fourth

Edition, Revised (DSM-IV-R). 2000; 2000.

21. American Psychiatric Association (APA). Diagbostic and Statistical Manual of Mental Disorders, Fifth

Edition ( DSM-5). 2013; 2013.

22. World Health Organization. The ICD-9 Classification of Mental and Behavioural Disorders. Clinical

Descriptions and Diagnostic Guidelines. 1978; 1978.

23. World Health Organization. The ICD-10 Classification of Mental and Behavioural Disorders. Clinical

Descriptions and Diagnostic Guidelines. 1992; 1992.

24. Higgins J, Green S. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0. 2011;

The Cochrane Collaboration, 2011.

25. Barkley RA, McMurray MB, Edelbrock CS, Robbins K. Side effects of methylphenidate in children with

attention deficit hyperactivity disorder: a systemic, placebo-controlled evaluation. Pediatrics. 1990 Aug;

86(2):184–92. PMID: 2196520

26. Andrews J, Guyatt G, Oxman AD, Alderson P, Dahm P, Falck-Ytter Y, et al. GRADE guidelines: 14.

Going from evidence to recommendations: the significance and presentation of recommendations. J

Clin Epidemiol. 2013 Jul; 66(7):719–25. https://doi.org/10.1016/j.jclinepi.2012.03.013 PMID: 23312392

27. Wetterslev J, Thorlund K, Brok J, Gluud C. Trial sequential analysis may establish when firm evidence

is reached in cumulative meta-analysis. J Clin Epidemiol. 2008 Jan; 61(1):64–75. https://doi.org/10.

1016/j.jclinepi.2007.03.013 PMID: 18083463

28. Wetterslev J, Thorlund K, Brok J, Gluud C. Estimating required information size by quantifying diversity

in random-effects model meta-analyses. BMC Med Res Methodol. 2009; 9:86. https://doi.org/10.1186/

1471-2288-9-86 PMID: 20042080

29. Roberts I, Ker K, Edwards P, Beecher D, Manno D, Sydenham E. The knowledge system underpinning

healthcare is not fit for purpose and must change. Vol. 350. England; 2015.

30. Brok J, Thorlund K, Gluud C, Wetterslev J. Trial sequential analysis reveals insufficient information size

and potentially false positive results in many meta-analyses. J Clin Epidemiol. 2008 Aug; 61(8):763–9.

https://doi.org/10.1016/j.jclinepi.2007.10.007 PMID: 18411040

31. Brok J, Thorlund K, Wetterslev J, Gluud C. Apparently conclusive meta-analyses may be inconclusive

—Trial sequential analysis adjustment of random error risk due to repetitive testing of accumulating

data in apparently conclusive neonatal meta-analyses. Int J Epidemiol. 2009 Feb; 38(1):287–98. https://

doi.org/10.1093/ije/dyn188 PMID: 18824466

32. Thorlund K, Engstrøm J, Wetterslew J, Brok J, Imberger G, Gluud C. User manual for trial sequential

analysis (TSA). Cph Trial Unit Cent Clinial Interv Res. 2011; 2011:1–115.

33. The Nordic Cochrane Centre, The Cochrane Collaboration. Review Manager (RevMan) Version 5.3.

2014.

34. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for

systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev. 2015; 4(1):1–9.

35. DuPaul GJ, Anastopoulos AD, Kwasnik D, Barkley RA, McMurray MB, DuPaul GJ. Methylphenidate

effects on children with Attention Deficit Hyperactivity Disorder: Self-report of symptoms, side-effects,

and self-esteem. J Atten Disord. 1996 Apr 1; 1(1):3–15.

36. Rapport MD, Kofler MJ, Coiro MM, Raiker JS, Sarver DE, Alderson RM. Unexpected effects of methyl-

phenidate in attention-deficit/hyperactivity disorder reflect decreases in core/secondary symptoms and

physical complaints common to all children. J Child Adolesc Psychopharmacol. 2008 Jun; 18(3):237–

47. https://doi.org/10.1089/cap.2007.0140 PMID: 18582178

37. Stein MA, Blondis TA, Schnitzler ER, O’Brien T, Fishkin J, Blackwell B, et al. Methylphenidate dosing:

twice daily versus three times daily. Pediatrics. 1996 Oct; 98(4 Pt 1):748–56. PMID: 8885956

38. Palumbo DR, Sallee FR, Pelham WEJ, Bukstein OG, Daviss WB, McDermott MP. Clonidine for atten-

tion-deficit/hyperactivity disorder: I. Efficacy and tolerability outcomes. J Am Acad Child Adolesc Psychi-

atry. 2008 Feb; 47(2):180–8. https://doi.org/10.1097/chi.0b013e31815d9af7 PMID: 18182963

Methylphenidate gastrointestinal adverse events

PLOS ONE | https://doi.org/10.1371/journal.pone.0178187 June 15, 2017 17 / 18

http://www.ncbi.nlm.nih.gov/pubmed/2196520
https://doi.org/10.1016/j.jclinepi.2012.03.013
http://www.ncbi.nlm.nih.gov/pubmed/23312392
https://doi.org/10.1016/j.jclinepi.2007.03.013
https://doi.org/10.1016/j.jclinepi.2007.03.013
http://www.ncbi.nlm.nih.gov/pubmed/18083463
https://doi.org/10.1186/1471-2288-9-86
https://doi.org/10.1186/1471-2288-9-86
http://www.ncbi.nlm.nih.gov/pubmed/20042080
https://doi.org/10.1016/j.jclinepi.2007.10.007
http://www.ncbi.nlm.nih.gov/pubmed/18411040
https://doi.org/10.1093/ije/dyn188
https://doi.org/10.1093/ije/dyn188
http://www.ncbi.nlm.nih.gov/pubmed/18824466
https://doi.org/10.1089/cap.2007.0140
http://www.ncbi.nlm.nih.gov/pubmed/18582178
http://www.ncbi.nlm.nih.gov/pubmed/8885956
https://doi.org/10.1097/chi.0b013e31815d9af7
http://www.ncbi.nlm.nih.gov/pubmed/18182963
https://doi.org/10.1371/journal.pone.0178187


39. Carlson GA, Dunn D, Kelsey D, Ruff D, Ball S, Ahrbecker L, et al. A pilot study for augmenting atomoxe-

tine with methylphenidate: safety of concomitant therapy in children with attention-deficit/hyperactivity

disorder. Child Adolesc Psychiatry Ment Health. 2007; 1(1):10. https://doi.org/10.1186/1753-2000-1-10

PMID: 17897473

40. Ramtvedt BE, Roinas E, Aabech HS, Sundet KS. Clinical gains from including both dextroamphetamine

and methylphenidate in stimulant trials. J Child Adolesc Psychopharmacol. 2013 Nov; 23(9).

41. Zeni CP, Tramontina S, Ketzer CR, Pheula GF, Rohde LA. Methylphenidate combined with aripiprazole

in children and adolescents with bipolar disorder and attention-deficit/hyperactivity disorder: a random-

ized crossover trial. J Child Adolesc Psychopharmacol. 2009 Oct; 19(5):553–61. https://doi.org/10.

1089/cap.2009.0037 PMID: 19877980

42. Kjaergard LL, Villumsen J, Gluud C. Reported methodologic quality and discrepancies between large

and small randomized trials in meta-analyses. Ann Intern Med. 2001 Dec 4; 135(11):982–9. PMID:

11730399

43. Savovic J, Jones HE, Altman DG, Harris RJ, Juni P, Pildal J, et al. Influence of reported study design

characteristics on intervention effect estimates from randomized, controlled trials. Ann Intern Med.

2012 Sep 18; 157(6):429–38. https://doi.org/10.7326/0003-4819-157-6-201209180-00537 PMID:

22945832

44. Wood L, Egger M, Gluud LL, Schulz KF, Juni P, Altman DG, et al. Empirical evidence of bias in treat-

ment effect estimates in controlled trials with different interventions and outcomes: meta-epidemiologi-

cal study. BMJ. 2008 Mar 15; 336(7644):601–5. https://doi.org/10.1136/bmj.39465.451748.AD PMID:

18316340

45. Canadian Attention Deficit Hyperactivity Disorder Resource Alliance (CADDRA): Canadian ADHD Prac-

tice Guidelines, Third Edition. 2011(3).

46. Hazell PL, Kohn MR, Dickson R, Walton RJ, Granger RE, van Wyk GW. Core ADHD symptom improve-

ment with atomoxetine versus methylphenidate: a direct comparison meta-analysis. J Atten Disord.

2011 Nov; 15(8):674–83. https://doi.org/10.1177/1087054710379737 PMID: 20837981

47. Prasad V, Brogan E, Mulvaney C, Grainge M, Stanton W, Sayal K. How effective are drug treatments

for children with ADHD at improving on-task behaviour and academic achievement in the school class-

room? A systematic review and meta-analysis. Eur Child Adolesc Psychiatry. 2013 Apr; 22(4):203–16.

https://doi.org/10.1007/s00787-012-0346-x PMID: 23179416

48. Schachter HM, Pham B, King J, Langford S, Moher D. How efficacious and safe is short-acting methyl-

phenidate for the treatment of attention-deficit disorder in children and adolescents? A meta-analysis.

CMAJ Can Med Assoc J J Assoc Medicale Can. 2001 Nov 27; 165(11):1475–88.

49. Kimko H, Gibiansky E, Gibiansky L, Starr HL, Berwaerts J, Massarella J, et al. Population pharmacody-

namic modeling of various extended-release formulations of methylphenidate in children with attention

deficit hyperactivity disorder via meta-analysis. J Pharmacokinet Pharmacodyn. 2012 Apr; 39(2):161–

76. https://doi.org/10.1007/s10928-011-9238-9 PMID: 22270322

50. King S, Griffin S, Hodges Z, Weatherly H, Asseburg C, Richardson G, et al. A systematic review and

economic model of the effectiveness and cost-effectiveness of methylphenidate, dexamfetamine and

atomoxetine for the treatment of attention deficit hyperactivity disorder in children and adolescents.

Health Technol Assess Winch Engl. 2006 Jul; 10(23):iii – iv, xiii – 146.

51. Streiner DL. Breaking up is hard to do: the heartbreak of dichotomizing continuous data. Can J Psychia-

try Rev Can Psychiatr. 2002 Apr; 47(3):262–6.

52. Snapinn SM, Jiang Q. Responder analyses and the assessment of a clinically relevant treatment effect.

Trials. 2007 Oct 25; 8:31. https://doi.org/10.1186/1745-6215-8-31 PMID: 17961249

53. Riggs PD, Winhusen T, Davies RD, Leimberger JD, Mikulich-Gilbertson S, Klein C, et al. Randomized

controlled trial of osmotic-release methylphenidate with cognitive-behavioral therapy in adolescents

with attention-deficit/hyperactivity disorder and substance use disorders. J Am Acad Child Adolesc Psy-

chiatry. 2011 Sep; 50(9):903–14. https://doi.org/10.1016/j.jaac.2011.06.010 PMID: 21871372

Methylphenidate gastrointestinal adverse events

PLOS ONE | https://doi.org/10.1371/journal.pone.0178187 June 15, 2017 18 / 18

https://doi.org/10.1186/1753-2000-1-10
http://www.ncbi.nlm.nih.gov/pubmed/17897473
https://doi.org/10.1089/cap.2009.0037
https://doi.org/10.1089/cap.2009.0037
http://www.ncbi.nlm.nih.gov/pubmed/19877980
http://www.ncbi.nlm.nih.gov/pubmed/11730399
https://doi.org/10.7326/0003-4819-157-6-201209180-00537
http://www.ncbi.nlm.nih.gov/pubmed/22945832
https://doi.org/10.1136/bmj.39465.451748.AD
http://www.ncbi.nlm.nih.gov/pubmed/18316340
https://doi.org/10.1177/1087054710379737
http://www.ncbi.nlm.nih.gov/pubmed/20837981
https://doi.org/10.1007/s00787-012-0346-x
http://www.ncbi.nlm.nih.gov/pubmed/23179416
https://doi.org/10.1007/s10928-011-9238-9
http://www.ncbi.nlm.nih.gov/pubmed/22270322
https://doi.org/10.1186/1745-6215-8-31
http://www.ncbi.nlm.nih.gov/pubmed/17961249
https://doi.org/10.1016/j.jaac.2011.06.010
http://www.ncbi.nlm.nih.gov/pubmed/21871372
https://doi.org/10.1371/journal.pone.0178187

