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ABSTRACT
Modafinil is approved for excessive daytime sleepiness in narcolepsy, obstructive sleep apnoea (OSA), and shift work sleep disor-
der (SWSD), but its widespread off-label use raises safety concerns. We evaluated the risk of adverse events (AEs) associated with 
both labelled and off-label use of modafinil. A systematic search of PubMed, Embase, and Cochrane identified 54 studies that met 
the inclusion criteria. In labelled uses, narcolepsy patients had significantly elevated risks of diarrhoea (risk ratio [RR]: 2.16, 95% 
confidence interval [CI]: 1.06–4.41) and nausea compared to those with placebo (RR: 2.44, 95% CI: 1.05–5.72). OSA/hypopnea 
syndrome patients had higher risks of insomnia (RR: 5.82), anxiety/nervousness (RR: 3.26), and headache (RR: 1.92). SWSD 
patients had elevated risks of insomnia (RR: 4.09), anxiety/nervousness (RR: 3.85), and nausea (RR: 2.93). Among off-label users, 
patients with attention deficit hyperactivity disorder had higher risks of insomnia (RR: 4.97) and decreased appetite (RR: 4.21). 
Patients with major depressive disorder showed higher risks of anxiety/nervousness (RR: 1.95). While modafinil users share 
common AEs, specific risks vary across patient groups. Our findings on condition-specific AE profiles would support cautious 
prescribing of modafinil and careful consideration of alternative treatments.

1   |   Introduction

Modafinil is approved for treating excessive daytime sleepiness 
associated with narcolepsy, obstructive sleep apnoea (OSA), 
and shift work sleep disorder (SWSD) [1]. Although the exact 
mechanism remains unclear, it is hypothesised that modafinil 
promotes wakefulness through weakly inhibiting the dopamine 
transporter and reducing dopamine reuptake, according to the 
Guide-to-Pharmacology [2]. In addition to its approved use, 
modafinil has been widely utilised off-label to treat attention-
deficit/hyperactivity disorder (ADHD) [3], depression [4] and 
substance use disorder [5]. Moreover, there have been ongoing 

studies exploring its potential applications in healthy individu-
als who require sustained concentration despite fatigue, such as 
pilots [6], healthcare professionals working in rotating shifts [7] 
and chess players [8].

According to the Medication Guide issued by the Ministry of 
Food and Drug Safety (MFDS) in South Korea [9], common ad-
verse events (AEs) (1%–<10%) associated with modafinil use in 
adults experiencing somnolence related to narcolepsy include 
nervousness, insomnia, anxiety, depression, abdominal pain, 
nausea, dry mouth, diarrhoea, blurred vision, anorexia and back 
pain. Similarly, the US Food and Drug Administration (FDA) 
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prescribing information for modafinil reveals that the most fre-
quently reported AEs (≥ 5%) when used to treat narcolepsy, OSA 
and SWSD include headache, nausea, nervousness, rhinitis, 
back pain, anxiety, insomnia, dizziness and dyspepsia [10].

The widespread use of modafinil and its frequent AEs have 
prompted several systematic reviews and meta-analyses com-
piling AE data from randomised controlled trials (RCTs) for 
both labelled indications, such as narcolepsy and OSA, and 
off-label uses, including ADHD [11] and poststroke care [12]. 
However, the available safety information from official sources 
primarily relates to studies examining labelled indications, with 
a lack of comprehensive analyses of AEs in the use of off-label 
indications.

Therefore, this study aims to conduct a comprehensive and sys-
tematic review of the literature to identify the AE profiles of 
modafinil in both labelled and off-label use. Additionally, we 
performed subgroup analyses based on the underlying medical 
conditions to investigate potential variations in the types and 
frequencies of AEs across different patient populations. Through 
these analyses, we expect to provide a clearer understanding of 
modafinil's safety profile, highlighting specific AEs associated 
with distinct clinical groups and emphasizing the need for close 
monitoring when prescribing modafinil.

2   |   Material and Methods

The systematic review was conducted according to the pre-
ferred reporting items for systematic reviews and meta-analysis 
(PRISMA) guidelines [13] (Supplementary Table  1). The study 
was registered in PROSPERO (CRD42024628988), which is 
available at https://​www.​crd.​york.​ac.​uk/​prosp​ero/​displ​ay_​re-
cord.​php?​ID=​CRD42​02462​8988.

2.1   |   Literature Search

The literature search was conducted using three databases (i.e., 
PubMed, Embase, and Cochrane) to identify articles published 
up to January 6, 2025. Key search terms were employed, utiliz-
ing logical combinations of MeSH and Emtree terms. To ensure 
comprehensive inclusions, no restrictions were placed on the 
study population (patients). Modafinil was designated as the 
intervention (intervention), placebo as the control (compari-
son), and 12 specific AEs as the outcomes (outcome): headache, 

decreased appetite, abdominal pain, nausea, anxiety/nervous-
ness, dizziness, insomnia, weight loss, diarrhoea, dyspepsia, 
back pain, and rhinitis. These AEs, each reported with a fre-
quency of 5% or higher, were sourced from Lexicomp online 
(https://​online.​lexi.​com/​lco/​action/​home), a reputable and up-
to-date medical information resource. This approach ensures 
the inclusion of the most current and clinically relevant AE data 
associated with modafinil. The search process involved all syn-
onyms and equivalents of the intervention and outcome terms 
using the OR operator, and these groups were then combined by 
the AND operator. Detailed search terms for each database are 
presented in Supplementary Table 2–4.

2.2   |   Literature Selection and Exclusion

Three researchers (JJ, JY and JK) independently selected and ex-
cluded articles based on predetermined criteria. Disagreements 
were resolved through discussion. All RCTs and crossover 
studies involving modafinil and placebo groups were included, 
while systematic reviews, meta-analyses and case reports were 
excluded. Initially, studies reporting AEs related to modafinil, 
following ‘patients,’ ‘intervention,’ ‘comparator,’ and ‘outcome’ 
(PICO) search formula, were selected for comprehensive cov-
erage. A final selection process was then applied based on pri-
mary and secondary exclusion criteria. Duplicated articles were 
removed, and primary exclusions were made based on title and 
abstracts, eliminating studies that were unrelated to modafinil; 
did not involve human subjects; were incomplete publications 
(e.g., posters, abstracts); were review articles or case reports; 
lacked full-text availability; and were duplicates. In the second-
ary exclusion stage, full-text articles were reviewed and excluded 
if they lacked an RCT design; had no placebo control group; did 
not report AEs; reported AEs but without the exact number of 
subjects; were incomplete publications; involved nonhuman 
studies; and were duplicates.

2.3   |   Data Extraction and Quality Assessment

Key information from selected articles, including the first au-
thor, publication year, study design, drug dosage, indication, 
number of patients with AEs, and specific AE types, was ex-
tracted and presented in Table  1. Study quality was assessed 
using the Cochrane Risk of Bias 2.0 tool [63], which evaluates 
bias in RCTs across multiple domains, assigning ratings of 
high, low or unclear risk of bias. Two researchers independently 
performed the quality assessments, resolving disagreements 
through discussion.

2.4   |   Statistical Analysis

For conducting the meta-analysis, we employed the Mantel–
Haenszel method utilising a random effects model [64]. The 
risk ratio (RR) of modafinil's association with each AE was 
calculated using the equation below. To assess the heterogene-
ity among the included literature, I2 values were computed. All 
statistical analyses were conducted using Review Manager ver. 
5.3 software and the findings were visually represented using 
forest plots

Plain Language Summary

Modafinil is a medication used to help people stay awake, 
especially those with sleep disorders. However, it is also 
widely used for other conditions, such as ADHD or de-
pression, where it is not officially approved. We reviewed 
data from 54 research papers to understand the adverse 
events of modafinil. We found that while users share 
some common adverse events, specific risks vary depend-
ing on why the drug is being used. These findings suggest 
that doctors should consider the patient's specific condi-
tion when prescribing modafinil.

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42024628988
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42024628988
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Publication bias was assessed using funnel plots and Egger's test. 
In accordance with the Cochrane Handbook [65], we performed 
Egger's test only for meta-analyses that included 10 or more re-
sults. Funnel plots were generated using Review Manager ver. 
5.3 software, and Egger's test was conducted using the metafor 
package in R studio version 4.4.3.

3   |   Results

3.1   |   Characteristics of the Included Literature

A comprehensive international literature search was con-
ducted, resulting in 7665 articles identified from three da-
tabases: PubMed (534 articles), Embase (6622 articles) and 
Cochrane (509 articles). After removing duplicated articles, 
6937 articles remained. We further excluded 6228 articles 
during the initial screening of titles and abstracts. A total of 
709 articles remained, and 462 duplicated articles were re-
moved. The full texts of the remaining 247 articles were thor-
oughly examined, resulting in the exclusion of 193 articles. 
The number of articles excluded for each criterion is shown in 
Figure 1. Ultimately, 54 articles met the inclusion criteria and 
were included in the analysis.

3.2   |   Results of Quality Assessment 
and Publication Bias

As all included studies were RCTs, bias related to randomisa-
tion or blinding generally showed low risk. Ten studies had a 
high risk of attrition bias, mostly due to the lack of intention to 
treat (ITT) analysis (Supplementary Figures 1–25). Funnel plots 
showed no major asymmetry in the overall analyses. However, 
Egger's test indicated statistically significant (<0.05) asymmetry 
in the overall analyses of nausea and insomnia (Supplementary 
Figures 26–37).

3.3   |   Overall Analysis

Among the AEs associated with modafinil treatments, head-
ache was the most frequently studied (50 out of 54 articles), fol-
lowed by nausea (35 articles), insomnia (32 articles), anxiety/
nervousness (29 articles), dizziness (19 articles), diarrhoea (17 
articles), decreased appetite (15 articles), abdominal pain (16 ar-
ticles), rhinitis (14 articles), back pain (7 articles), weight loss (5 
articles) and dyspepsia (3 articles). All the studies included in 
the analysis were RCTs, comprising 14 crossover RCTs and 40 
parallel RCTs (Table 1).

When assessing the RR for each AE across all subjects, re-
gardless of labelled or off-label use, patients receiving 
modafinil were significantly more likely to experience the 
following AEs compared to the control group (ranked by RR 
magnitude): decreased appetite (RR: 2.90, 95% confidence in-
terval [CI]: 1.84–4.58), insomnia (RR: 2.19, 95% CI: 1.57–3.07), 

anxiety/nervousness (RR: 1.60, 95% CI: 1.18–2.17) and head-
ache (RR: 1.24, 95% CI: 1.11–1.39) (Table  2, Supplementary 
Figures 1–12).

Although RRs for abdominal pain, nausea, dizziness, weight 
loss, diarrhoea and back pain were ≥ 1, they did not reach statis-
tical significance. On the other hand, the RRs for dyspepsia and 
rhinitis were < 1, indicating a lower likelihood of recurrence, 
but these findings were also not statistically significant (Table 2, 
Supplementary Figures 1–12).

3.4   |   Subgroup Analysis

We conducted subgroup analyses based on the underlying con-
dition of the patients included in the RCTs to investigate poten-
tial differences in the occurrence of AEs associated with these 
diseases. When analysing RR for each AE for use in labelled 
indications, the following results were observed: Narcolepsy pa-
tients exhibited increased risks of nausea (5 articles, RR: 2.44, 
95% CI: 1.05–5.72) and diarrhoea (4 articles, RR: 2.16, 95% CI: 
1.06–4.41); patients with OSA/hypopnea syndrome (HS) ex-
perienced higher risks of insomnia (four articles, RR: 5.82, 
95% CI: 1.74–19.44), anxiety/nervousness (3 articles, RR: 3.26, 
95% CI: 1.35–7.86), and headache (4 articles, RR: 1.92, 95% CI: 
1.26–2.90); patients with SWSD encountered higher risks of in-
somnia (2 articles, RR: 4.09, 95% CI: 1.10–15.16), anxiety/ner-
vousness (2 articles, RR: 3.85, 95% CI: 1.15–12.86), and nausea 
(2 articles, RR: 2.93, 95% CI: 1.31–6.55) (Table 2, Supplementary 
Figures 13–24).

For use in off-label indication, the following results were ob-
served: ADHD patients treated with modafinil had a higher 
risk of insomnia (5 articles, RR: 4.97, 95% CI: 2.56–9.66) and 
decreased appetite (6 articles, RR: 4.21, 95% CI: 2.18–8.12) 
compared to the control group; patients with major depressive 
disorder (MDD) had a higher risk of anxiety/nervousness (3 ar-
ticles, RR: 1.95, 95% CI: 1.11–3.42); healthy individuals were at 
higher risk of insomnia (2 articles, RR: 6.62, 95% CI: 1.21–36.17) 
(Table 2, Supplementary Figures 13–24). All of these results are 
statistically significant. Fixed-effect results for subgroups were 
also presented in Supplementary Table 5 and showed consistent 
direction of effect.

In patients with Parkinson's disease, substance use disorder, 
schizophrenia, traumatic brain injury, idiopathic hypersomnia 
and myotonic dystrophy, the RRs for all AEs were not statisti-
cally significant (Table  2, Supplementary Figures  13–24). For 
cerebral palsy, poststroke conditions, HIV/AIDS, primary bili-
ary cirrhosis, lung cancer, advanced cancer, and postpolio syn-
drome, only one article was available, and thus a synthesized 
value could not be calculated. These single-trial conditions 
were, however, included in the “total” analysis to broadly syn-
thesize all available evidence.

4   |   Discussion

Since its FDA approval in 1998 for the treatment of narcolepsy, 
modafinil has gained worldwide usage for various off-label pur-
poses, including alleviating fatigue and promoting wakefulness 

Risk ratio= incidence rate of an AE in modafinil group∕

incidence rate of an AE in placebo group
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in individuals with different medical conditions and sleep disor-
ders. It has also been utilised to enhance concentration in patients 
with ADHD or healthy individuals. Academic consensus holds 
that modafinil enhances alertness by activating wakefulness-
related systems such as hypocretin and dopamine while in-
creasing excitatory glutamatergic neurotransmission in various 
brain regions [66]. Modafinil is primarily metabolised in the 
liver, slightly affecting specific cytochrome P450 enzymes. Still, 
it demonstrates a safe profile, even when used with monoamine 
oxidase inhibitors like tranylcypromine and phenelzine [1].

Among 12 AEs associated with modafinil, insomnia was ob-
served to have a significantly increased RR in the largest number 
of underlying disease groups. Of the 12 patient groups analysed, 
significant positive associations with insomnia were observed 
in four patient groups, including OSA/HS, SWSD, ADHD and 
healthy individuals, compared to control groups not receiving 
modafinil treatment. The RRs were notably high, ranging from 
4.09 to 6.62, highlighting the need for careful consideration. 
Anxiety/nervousness was the second most common signifi-
cant AE with a positive association with modafinil, observed in 

FIGURE 1    |    Flowchart for identifying relevant studies.
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patients with OSA/HS, SWSD and MDD. The RRs ranged from 
1.95 to 3.85 (Table 2).

Overall, patients treated with modafinil tend to experience 
similar types of AEs. However, the specific AEs signifi-
cantly associated with modafinil varied across certain patient 
groups. For example, no increased risk of decreased appetite 
was reported in patients using modafinil for any of the labelled 
indications (i.e., narcolepsy, OSA/HS and SWSD). In contrast, 
among off-label uses, ADHD patients showed a significantly 
higher risk of decreased appetite (RR: 4.21, 95% CI: 2.18–8.12). 
In addition, the risk of insomnia was highest in healthy indi-
viduals. While the highest RR for insomnia in patients was 
5.82, it reached 6.62 in healthy individuals, suggesting an 
even greater susceptibility in this group. However, this find-
ing should be interpreted with caution, as it was based on 
only two studies, and one of them specifically enrolled sleep-
deprived participants, potentially increasing the susceptibility 
to insomnia.

Our findings suggest that modafinil use may exacerbate com-
plications related to underlying conditions, particularly in pa-
tients with ADHD and MDD. For instance, our results showed 
a significantly higher risk of decreased appetite (RR: 4.21, 95% 
CI: 2.28–8.12) and insomnia (RR: 4.97, 95% CI: 2.56–9.66) 
among ADHD patients treated with modafinil, compared to 
those not receiving it. It is well established that children with 
ADHD are at a higher risk of experiencing anxiety and depres-
sion, which can contribute to an increased likelihood of insom-
nia. In addition, medications commonly prescribed for ADHD, 
such as methylphenidate and atomoxetine, are known to cause 
decreased appetite [67] and insomnia [68]. Our findings indi-
cate that ADHD patients, who are already predisposed to de-
creased appetite and insomnia due to the nature of the disorder, 
may face an even greater risk when treated with modafinil. 
Therefore, careful consideration is required when prescribing 
modafinil to ADHD patients, including evaluating alternative 
treatment options.

Similarly, anxiety and nervousness should be closely monitored 
in patients with MDD. Research indicates that these symptoms 
are among the most common comorbidities of MDD [69, 70], 
with approximately 46.0%–53.2% of MDD patients meeting the 
criteria for anxious depression [71, 72], and 68.9% having co-
morbid anxiety disorders [73]. Furthermore, selective serotonin 
reuptake inhibitors (SSRIs) and serotonin-norepinephrine re-
uptake inhibitors (SNRIs), which are commonly used to treat 
MDD, have been associated with anxiety and nervousness as po-
tential AEs [74]. Given that MDD patients are already vulnera-
ble to these symptoms, modafinil treatment may further elevate 
their risk. Therefore, prescribing modafinil to MDD patients 
should be approached with caution, and alternative treatment 
options should be carefully considered.

With a growing interest in the off-label use of modafinil, sev-
eral systematic reviews and meta-analyses, including studies 
on schizophrenia [75], poststroke care [12], ADHD [76] and 
neuroenhancement in healthy individuals [77], have been pub-
lished. However, as of our current knowledge, no literature has 
systematically demonstrated or compared the risk of AEs as-
sociated with modafinil use across different indications. This 

review offers a comprehensive analysis of the risk of AEs, pro-
viding valuable insights for clinicians when prescribing modaf-
inil for both labelled and off-label indications.

Several limitations should be taken into consideration when 
interpreting the findings of our study. Firstly, the RR for each 
AE was calculated based solely on the frequency of AEs in the 
modafinil and placebo groups without considering the severity 
of these events. Additionally, the estimated RRs were not ad-
justed for dosage and duration of modafinil therapy. Secondly, 
because AEs were selected based on a ≥ 5% frequency thresh-
old, clinically important outcomes, such as cardiovascular 
events, serious psychiatric events, and hepatotoxicity, were not 
included in our meta-analysis. Cardiovascular events (palpita-
tion 2%, tachycardia 2%, and vasodilation 2%) and hepatotox-
icity (hepatic insufficiency 2%) were reported at frequencies 
below the 5% threshold. Serious psychiatric events (psychosis 
and suicidal ideation) were primarily reported post marketing 
or lacked defined frequencies, making them unsuitable for sys-
tematic synthesis across the included clinical trials. Although 
these are critical safety concerns, their exclusion represents 
an important limitation. Further large-scale real-world stud-
ies are warranted to clarify their impact on modafinil's safety 
profile across different patient populations. Thirdly, all of the 
primary studies included in our meta-analysis are RCTs, the 
gold standard for ensuring internal validity. However, they 
have the limitation of not representing real-world practices and 
outcomes. To confirm the findings of our meta-analysis in the 
real world, a future study that synthesises results from obser-
vational studies could be beneficial. Fourthly, Egger's test re-
vealed significant asymmetry in the overall analyses of nausea 
and insomnia. However, when we examined the funnel plots 
stratified by underlying condition (Supplementary Figures 26–
37), the studies clustered clearly according to indication. This 
indicates that the observed asymmetry may be explained by 
between-subgroup differences rather than publication bias. 
Lastly, studies that did not represent the number of AEs were 
excluded from the analysis. Some studies only provided a list 
of AEs without specifying the number of patients who experi-
enced them. Since our analysis required the actual number of 
affected patients, these studies were excluded. As a result, our 
findings on the risk of AEs may be either underestimated or 
overestimated.

Despite these limitations, this study offers an updated and com-
prehensive assessment of the AE risks associated with modaf-
inil. By including only double-blind, placebo-controlled RCTs, 
our review ensures strong internal validity, enhancing the abil-
ity to establish a causal relationship between modafinil use and 
AEs. It is expected that these findings provide valuable insights 
for clinicians when prescribing modafinil in clinical practice 
and serve as a foundation for future research.

5   |   Conclusions

In the overall analysis, including both patients and healthy 
individuals, the risk of experiencing AEs such as headache, 
decreased appetite, anxiety/nervousness, and insomnia was 
significantly higher in the modafinil group compared to the 
placebo group. Regardless of underlying conditions, patients 
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treated with modafinil generally experience similar types of 
AEs. However, the specific AEs significantly associated with 
modafinil varied across certain patient groups. Notably, modaf-
inil use may exacerbate complications in individuals with 
ADHD and MDD, highlighting the need for cautious prescrib-
ing and careful consideration of alternative treatment options in 
these patient groups.
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Supplementary Figure 17: Meta-analysis results of adverse events for 
modafinil compared to placebo: anxiety events by underlying diseases. 
Supplementary Figure 18: Meta-analysis results of adverse events for 
modafinil compared to placebo: dizziness events by underlying diseases. 
Supplementary Figure 19: Meta-analysis results of adverse events for 
modafinil compared to placebo: insomnia events by underlying diseases. 
Supplementary Figure  20: Meta-analysis results of adverse events 
for modafinil compared to placebo: weight loss events by underlying 
diseases. Supplementary Figure 21: Meta-analysis results of adverse 
events for modafinil compared to placebo: diarrhoea events by under-
lying diseases. Supplementary Figure  22: Meta-analysis results of 
adverse events for modafinil compared to placebo: dyspepsia events by 
underlying diseases. Supplementary Figure 23: Meta-analysis results 
of adverse events for modafinil compared to placebo: back pain events 
by underlying diseases. Supplementary Figure  24: Meta-analysis 
results of adverse events for modafinil compared to placebo: rhinitis 
events by underlying diseases. Supplementary Figure 25: Risk of bias 
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graph. Supplementary Figure 26: Funnel plot of studies included in 
meta-analysis for the adverse events of modafinil compared to placebo: 
headache events. (A) Overall set of studies, (B) Studies included in the 
subgroup analysis by underlying diseases. Supplementary Figure 27: 
Funnel plot of studies included in meta-analysis for the adverse events 
of modafinil compared to placebo: decreased appetite events. (A) 
Overall set of studies and (B) studies included in the subgroup analy-
sis by underlying diseases. Supplementary Figure 28: Funnel plot of 
studies included in meta-analysis for the adverse events of modafinil 
compared to placebo: abdominal pain events. (A) Overall set of studies 
and (B) studies included in the subgroup analysis by underlying dis-
eases. Supplementary Figure 29: Funnel plot of studies included in 
meta-analysis for the adverse events of modafinil compared to placebo: 
nausea events. (A) Overall set of studies and (B) studies included in the 
subgroup analysis by underlying diseases. Supplementary Figure 30: 
Funnel plot of studies included in meta-analysis for the adverse events 
of modafinil compared to placebo: anxiety events. (A) Overall set of 
studies and (B) studies included in the subgroup analysis by underlying 
diseases. Supplementary Figure 31: Funnel plot of studies included 
in meta-analysis for the adverse events of modafinil compared to pla-
cebo: dizziness events. (A) Overall set of studies and (B) studies included 
in the subgroup analysis by underlying diseases. Supplementary 
Figure 32: Funnel plot of studies included in meta-analysis for the ad-
verse events of modafinil compared to placebo: insomnia events. (A) 
Overall set of studies and (B) studies included in the subgroup analy-
sis by underlying diseases. Supplementary Figure 33: Funnel plot of 
studies included in meta-analysis for the adverse events of modafinil 
compared to placebo: weight loss events. (A) Overall set of studies and 
(B) studies included in the subgroup analysis by underlying diseases. 
Supplementary Figure 34: Funnel plot of studies included in meta-
analysis for the adverse events of modafinil compared to placebo: diar-
rhoea events. (A) Overall set of studies and (B) studies included in the 
subgroup analysis by underlying diseases. Supplementary Figure 35: 
Funnel plot of studies included in meta-analysis for the adverse events 
of modafinil compared to placebo: dyspepsia events. (A) Overall set of 
studies and (B) studies included in the subgroup analysis by underlying 
diseases. Supplementary Figure 36: Funnel plot of studies included in 
meta-analysis for the adverse events of modafinil compared to placebo: 
back pain events. (A) Overall set of studies and (B) studies included 
in the subgroup analysis by underlying diseases. Supplementary 
Figure  37: Funnel plot of studies included in meta-analysis for the 
adverse events of modafinil compared to placebo: rhinitis events. (A) 
Overall set of studies and (B) studies included in the subgroup analysis 
by underlying diseases. 
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