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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% CIl 2.56 to 5.23) and weight (RR 3.89, 95% Cl 1.43to0 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
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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
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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
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l
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awaiting classification
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formally excluded because

outcomes were experimental,
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reports)

5 ongoing studies (from 6 reports)
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l (from 312 reports) eligible for

another review Storebe (in
press)

61 studies included for
review on gastrointestinal
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Fig 1. PRISMA flow chart [34].
https://doi.org/10.1371/journal.pone.0178187.9001

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

Number of studies
Number of publications
Number of participants
Mean age (range)
Number of males (%)
Type of methylphenidate*

Dose range of methylphenidate (mg/day)

Number of trials reporting on low and high dose**

Mean duration of treatment (days)

Number of trials of short-term and long-term duration***

Parallel group trials Cross-over trials

18 43

57 113

3,564 2,419

10.4 (6 to 18) years 9.4 (3to 18) years
2,643 (74.2) 1,747 (72.2)

¢ |R-MPH: 3 studies
¢ ER-MPH: 13 studies
¢ |R- and ER-MPH: 2 studies

¢ |R-MPH: 15 studies
* ER-MPH: 14 studies
¢ |R- and ER-MPH: 6 studies
¢ Unknown: 8 studies

5t0 75

* Low dose: 16 trials

* High dose: 6 trials

* Both low and high dose: 17 trials
* Unknown dose: 4 trials

43 15.6

* Short term: 15 trials * Short term: 43 trials

* Long term: 2 trials * Long term: O trials

* Unknown duration: 1 trial

10to 68

* Low dose: 0 trials

* High dose: 8 trials

* Both low and high dose: 3 trials
* Unknown dose: 7 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

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
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14.2.1 Parallel group trials
Biederman 2003 1.6964 1.5398  0.4%  5.45[0.27, 111.54] — @~ [ ]
Childress 2009 0.9316 0.5978 2.2% 2.54[0.79, 8.19] T
Coghill 2013 1.7256 0.6116 2.1% 5.62[1.69, 18.62] B — ®
Findling 2006 0.8982 1.5023 0.5% 2.46[0.13, 46.65] e D€
Findling 2008 1.3787 0.5349 2.6% 3.97[1.39, 11.33] I @
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Greenhill 2002 0.8319 0.177 6.4% 2.30[1.62, 3.25] - ? 7
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Wolraich 2001 0.4582 0.4111 3.5% 1.58 [0.71, 3.54] T ®
Subtotal (95% CI) 31.1% 3.66 [2.56, 5.23] <*
Heterogeneity: Tau? = 0.12; Chi? = 20.88, df = 15 (P = 0.14); I = 28%
Test for overall effect: Z = 7.13 (P < 0.00001)
14.2.2 Cross-over trials
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Ramtvedt 2013 0.5487 0.2473 5.5% 1.73 [1.07, 2.81] —
Rapport 2008 0.745 0.4416 3.3% 2.11[0.89, 5.01] —
Schulz 2010a 0.4055 0.9204 1.1% 1.50[0.25, 9.11] b R
Sharp 1999 4.1607 1.4511 0.5% 64.12 [3.73,1101.91] —_—
Silva 2006 2.4941 1.4901 0.5% 12.11[0.65, 224.67] T
Stein 1996 1.6982 0.6183 2.1% 5.46 [1.63, 18.36] ——
Stein 2003 1.7318 0.4546 3.2% 5.65[2.32, 13.77] —_—
Stein 2011 1.2192 1.1755  0.7% 3.38[0.34, 33.89] —
Swanson 2004 1.831 1.0853 0.8% 6.24 [0.74, 52.36] b
Wigal 2014 0 0 Not estimable
Wilens 2010 3.8514 1.4711 0.5% 47.06 [2.63, 841.09]
Zeni 2009 -0.1902 0.3545 4.1% 0.83[0.41, 1.66] e
Subtotal (95% CI) 68.9% 3.04 [2.35, 3.94]
Heterogeneity: Tau? = 0.17; Chi? = 56.81, df = 34 (P = 0.008); I> = 40%
Test for overall effect: Z = 8.47 (P < 0.00001)
Total (95% CI) 100.0% 3.21 [2.61, 3.94] ¢
Heterogeneity: Tau? = 0.14; Chi2 = 77.97, df = 50 (P = 0.007); I> = 36% =0 001 051 190 1000#

Test for overall effect: Z=11.17 (P < 0.00001)

Test for subgroup differences: Chi? = 0.67, df = 1 (P = 0.41), I> = 0%
Risk of bias legend

(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 bias

(H) Other bias

Favours [methylphenidate] Favours [control]

Fig 2. Parallel group trials and cross-over trials: Risk of decreased appetite. |V: inverse variance. Random: random-
effect model. Cl: 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.0178187.9002
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Experimental Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEFGH
12.4.1 Decreased weight
Lin 2014 4 36 0 78  0.5% 19.22[1.06, 347.68] —— 222722000
Findling 2008 7 91 0 85 0.5% 14.02[0.81,241.82] 1 1 b4 +..
Coghill 2013 5111 0 110  0.5% 10.90[0.61, 194.82] T +3332500
Childress 2009 4 182 0 63 05% 3.15(0.17,57.65] I I 7?7 @ +..
Wigal 2004 4 44 2 4 13%  191[0.37,9.88] I 726682600
Carlson 2007 1 8 1 9 06% 1I13[0.0815.19] —_— 36666600
Newcorn 2008 0 0 00 Not estimable 172666600
Subtotal (95% CI) 472 387  3.8% 3.89[1.43,10.59] <
Total events 25 3
Heterogeneity: Tau? = 0.00; Chi’ = 4.05, df = 5 (P = 0.54); I = 0%
Test for overall effect; Z = 2,66 (P = 0.008)

Fig 3. Parallel group trials: Risk of decreased weight. IV: inverse variance, Random: random-effect model. Cl:
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.0178187.9003

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; I* = 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
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Methylphenidate Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDETFGH
15.5.1 Low dose
Childress 2009 7 64 3 63 4.0% 2.30[0.62, 8.49] - ©e2720000
Wigal 2004 4 44 0 42 0.8% 8.60[0.48, 155.00] I B — 270072000
Subtotal (95% CI) 108 105 4.8% 2.87 [0.87, 9.45] o
Total events 11 3
Heterogeneity: Tau? = 0.00; Chi? = 0.66, df = 1 (P = 0.41); I> = 0%
Test for overall effect: Z = 1.74 (P = 0.08)
15.5.2 Moderate/high dose
Childress 2009 9 58 3 63 4.3% 3.26 [0.93, 11.45]
Coghill 2013 17 111 3 110 4.8% 5.62 [1.69, 18.62] I
Greenhill 2002 73 155 33 161 56.8% 2.30[1.62, 3.25] ]
Newcorn 2008 37 219 2 74 3.5% 6.25 [1.54, 25.31] s —
Pliszka 2000 3 20 0 18 0.8% 6.33[0.35, 114.81] -
Riggs 2011 25 151 9 152 12.9% 2.80[1.35, 5.79] —_
Wigal 2004 5 46 0 42 0.8% 10.06 [0.57, 176.67] I
Wilens 2006 2 87 0 90 0.7% 5.17[0.25, 106.18] —
Wolraich 2001 33 160 6 46  10.5% 1.58[0.71, 3.54] T
Subtotal (95% CI) 1007 756 95.2% 2.57 [1.96, 3.35] (3
Total events 204 56
Heterogeneity: Tau? = 0.00; Chi? = 6.62, df = 8 (P = 0.58); I = 0%
Test for overall effect: Z = 6.89 (P < 0.00001)
15.5.3 Unknown
Biederman 2003 2 65 0 71 Not estimable
Findling 2006 3 133 0 46 Not estimable
Findling 2008 17 91 4 85 Not estimable
Findling 2010 37 145 1 72 Not estimable
Greenhill 2006 16 53 4 47 Not estimable
Lin 2014 17 36 3 78 Not estimable
Tucker 2009 20 53 0 56 Not estimable
Subtotal (95% CI) 0 0 Not estimable
Total events 0 0
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% CI) 1115 861 100.0% 2.58 [1.99, 3.35] ¢
Total events 215 59
Heterogeneity: Tau? = 0.00; Chi? = 7.32, df = 10 (P = 0.70); I> = 0% 50 001 051 150 10005

Test for overall effect: Z = 7.11 (P < 0.00001)

Test for subgroup differences: Chi? = 0.03, df = 1 (P = 0.86), I = 0%
Risk of bias legend

(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)
(

(

Favours [methylphenidate] Favours [control]

Selective reporting (reporting bias)
) Vested interest bias
) Other bias

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

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).

PLOS ONE | https://doi.org/10.1371/journal.pone.0178187 June 15,2017 9/18


https://doi.org/10.1371/journal.pone.0178187.g004
https://doi.org/10.1371/journal.pone.0178187

@' PLOS | ONE

Methylphenidate gastrointestinal adverse events

Study or Subgroup log[Risk Ratio]

Risk Ratio

SE Weight IV, Random, 95% CI

IV, Random, 95% CI

Risk of Bias
ABCDEFGH

Risk Ratio

14.1.1 Parallel group trials

Carlson 2007 -1.204
Childress 2009 0.1287
Coghill 2013 -0.4145
Findling 2006 0.0369
Greenhill 2002 0.4026
Greenhill 2006 1.8281
Lin 2014 0.9067
Newcorn 2008 0.6197
Pliszka 2000 0.9985
Riggs 2011 -0.0326
Wigal 2004 0.6242
Wilens 2006 -0.6592
Wolraich 2001 1.8133

Subtotal (95% CI)

1.567
0.4062
0.6313
0.6443
0.2348
1.4988
0.4767
0.5267

1.602
0.2555
1.1023
1.2155

1.438

0.3%
3.9%
1.8%
1.8%
8.4%
0.4%
3.0%
2.5%
0.3%
7.6%
0.6%
0.5%
0.4%

31.5%

0.30[0.01, 6.47]
1.14[0.51, 2.52]
0.66 [0.19, 2.28]
1.04 [0.29, 3.67]
1.50[0.94, 2.37]
6.22[0.33, 117.41]
2.48[0.97, 6.30]
1.86 [0.66, 5.22]
2.71[0.12, 62.70]
0.97 [0.59, 1.60]
1.87[0.22, 16.19]
0.52 [0.05, 5.60]
6.13[0.37, 102.69]
1.30 [1.00, 1.69]

Heterogeneity: Tau? = 0.00; Chi? = 9.38, df = 12 (P = 0.67); I> = 0%
Test for overall effect: Z = 1.95 (P = 0.05)

14.1.2 Cross-over trials

Barkley 1989 0.8936
Brams 2008 -0.2998
Brams 2012 0.163
Buitelaar 1995 -1.0561
Bukstein 1998 1.2335
Carlson 1995 0.5108
Chronis 2003 -0.3448
DuPaul 1996 0.39908
Findling 2007 1.2417
Fine 1993 0.4263
Fitzpatrick 1992 1.1513
Klorman 1990 0
Kollins 2006 (PATS) -0.5411
Manos 1999 1.525
Muniz 2008 1.0986
Murray 2011 0.7244
Musten 1997 -0.2844
Pearson 2013 1.1896
Pelham 1990a -0.4568
Pelham 1999 1.6911
Pelham 2001a 0.1346
Pelham 2005 2.0317
Ramtvedt 2013 0.3042
Rapport 2008 0.1509
Schulz 2010a 1.0986
Silva 2006 1.1371
Smith 1998 1.1076
Stein 1996 0.2719
Stein 2003 1.0578
Stein 2011 1.7827
Swanson 2004 0.3105
Wigal 2014 0.7397
Zeni 2009 0.429

Subtotal (95% CI)

0.3673
0.7795
0.6161
0.9139
0.2601
1.022
0.8353
0.7796
1.2153
0.4138
1.6649
0.8433
0.874
0.5664
1.6403
0.8839
0.222
1.1935
0.9675
1.5754
0.5194
1.5307
0.244
0.5501
1.6372
1.1712
0.7136
0.74
0.4518
1.1179
0.5505
1.1861
0.3582

4.6%
1.2%
1.9%
0.9%
7.4%
0.7%
1.1%
1.2%
0.5%
3.8%
0.3%
1.1%
1.0%
2.2%
0.3%
1.0%
8.9%
0.6%
0.8%
0.3%
2.6%
0.3%
8.0%
2.3%
0.3%
0.6%
1.5%
1.4%
3.3%
0.6%
2.3%
0.6%
4.8%

68.5%

2.44[1.19, 5.02]
0.74 [0.16, 3.41]
1.18 [0.35, 3.94]
0.35 [0.06, 2.09]
3.43 [2.06, 5.72]
1.67[0.22, 12.35]
0.71[0.14, 3.64]
1.49[0.32, 6.87]
3.46 [0.32, 37.47]
1.53[0.68, 3.45]
3.16 [0.12, 82.64]
1.00 [0.19, 5.22]
0.58 [0.10, 3.23]
4.60 [1.51, 13.95]
3.00[0.12, 74.70]
2.06 [0.36, 11.67]
0.75 [0.49, 1.16]
3.29[0.32, 34.08]
0.63 [0.10, 4.22]
5.43[0.25, 118.96]
1.14[0.41, 3.17]
7.63[0.38, 153.21]
1.36 [0.84, 2.19]
1.16 [0.40, 3.42]
3.00[0.12, 74.25]
3.12 [0.31, 30.96]
3.03[0.75, 12.26]
1.31[0.31, 5.60]
2.88[1.19, 6.98]
5.95[0.66, 53.18]
1.36 [0.46, 4.01]
2.10[0.20, 21.42]
1.54[0.76, 3.10]
1.61 [1.27, 2.04]

Heterogeneity: Tau? = 0.09; Chi? = 41.01, df = 32 (P = 0.13); I = 22%
Test for overall effect: Z = 3.97 (P < 0.0001)

Total (95% CI)

100.0%

1.50 [1.26, 1.79]

Heterogeneity: Tau? = 0.04; Chi? = 51.63, df = 45 (P = 0.23); 1> = 13%
Test for overall effect: Z = 4.52 (P < 0.00001)

Test for subgroup differences: Chi? = 1.44, df = 1 (P = 0.23), I = 30.7%

Risk of bias legend

(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 bias
(H) Other bias
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Fig 5. Parallel group trials and cross-over trials: Risk of abdominal pain. IV: inverse variance, Random: random-effects model.
Cl: 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.0178187.9005
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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.0178187.9006

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.
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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 |
error; b: type Il 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.0178187.9007

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
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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: Chi*=1.44,df=1 (P =0.23), I* = 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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