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Abstract

Purpose: This study examined the potential risk of cardiovascular (CV) events asso-

ciated with modafinil and the consistency of the risk estimates across databases.

Methods: A retrospective, inception cohort design of patients who initiated treat-

ment with modafinil between 2006 and 2008 was used in three US health care claims

databases. Modafinil users were matched with nonusers. Patients were further

divided into two cohorts of obstructive sleep apnea (OSA) and non‐OSA (NOSA)

cohorts. Endpoints of interest, including myocardial infarction (MI), stroke, CV hospi-

talizations, and all‐cause death, were assessed using incidence rates and Cox propor-

tional hazard ratios (HRs), adjusted for potential confounding factors.

Results: The cohorts included a total of 175 524 patients in MarketScan CM;

77 266—in IMS LifeLink; and 8174—in MarketScan Medicaid. No increased risk for

MI in the OSA and NOSA cohorts was observed across all three databases. The risks

of CV hospitalization in the OSA and NOSA cohorts were not different between the

modafinil users and nonusers, except for IMS LifeLink database where the HR was

lower than one in the modafinil users compared with the nonusers (HR, 0.69; 95%

confidence interval [CI], 0.54 to 0.87). For OSA patients with prior stroke, an adjusted

HR of 1.96 (95% CI, 1.02 to 3.76) was observed for stroke among modafinil users

compared with nonusers. Among the NOSA, the HRs for all‐cause death in the OSA

were inconsistent across databases.

Conclusions: Except for few CV outcomes, applying one common protocol gener-

ated consistent risk estimates of CV events following modafinil use across cohorts

and databases.
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1 | INTRODUCTION

Modafinil is a wakefulness‐promoting agent sharing some pharmaco-

logic properties of sympathomimetic agents including amphetamine

and methylphenidate, although its pharmacologic profile is not identi-

cal to that of the sympathomimetic amines. In the US, it is indicated

to improve wakefulness in adult patients with excessive sleepiness
wileyonlinelibrary.com
associated with narcolepsy, obstructive sleep apnea (OSA), or shift

work disorder.1 In the European Union (EU), the labeling for modafinil

has been restricted to the treatment of excessive sleepiness associ-

ated with narcolepsy with or without cataplexy.

The cardiovascular (CV) profile of modafinil is of particular interest

in OSA patients given their already elevated baseline CV risk. CV

adverse events, such as hypertension and arrhythmias, have been
© 2018 John Wiley & Sons, Ltd./journal/pds 1
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KEY POINTS

• Risk estimates for various cardiovascular (CV) outcomes

across three US claims databases were generally

consistent using a common study protocol.

• The results of only few risk estimates of CV events

varied and were inconsistent.

• One of the three databases suggested an increased risk

of stroke in modafinil users compared with nonusers.

However, the lack of consistency of the risks across

cohorts and databases does not support a causal

2 KAPLAN ET AL.
documented in association with modafinil in clinical studies.2,3

However, accumulating evidence suggested that hypoxemia and

sleep disruption contribute to the development of CV abnormalities

in OSA.4-6 As part of the risk management plan in the EU,

epidemiologic CV safety study for modafinil has been conducted in

three administrative health care databases.

The purpose of this study was to examine the potential risk of CV

events of interest associated with modafinil and the consistency of the

risk estimates in real‐world settings across three health care databases

using a common study protocol. In addition, the influence of the

underlying baseline characteristics across populations on the observed

differences CV risk was evaluated as well.
relationship between modafinil and stroke.

• Findings from these studies are likely affected by

unmeasured confounding due to the inherent non‐

randomized design and the use of claims databases.
2 | METHODS

2.1 | Study design

A retrospective cohort study was conducted in three US health care

system databases: (1) Truven Health MarketScan Commercial and

Medicare Supplemental Database (MarketScan CM),7 (2) IMS LifeLink

Health Plan Claims Database (IMS LifeLink, AKA PharMetrics),8

and (3) MarketScan Medicaid Multi‐State Database (MarketScan

Medicaid). These integrated commercial health plan claims data

sources provide de‐identified longitudinal data on patient enrollment,

demographics, outpatient and inpatient medical claims, diagnoses

and procedures, and pharmacy claims.

All patients prescribed modafinil between 1 January 2006 and 31

December 2008 were identified. The pre‐specified primary cohort

consisted of modafinil new users, defined as those who had (1) at least

one prescription claim for modafinil between 1 January 2006 and 31

December 2008; (2) at least 12 months of continuous enrollment

(baseline period) prior to the date of their first modafinil prescription

(index date); and (3) no prior prescription for modafinil during the

baseline period; and matched comparison subjects who did not use

modafinil (“nonusers”). Patients were assigned to OSA and non‐OSA

(NOSA) cohorts, based on OSA diagnosis identified in the patient

record, because OSA is an independent CV risk factor.9,10 Each

modafinil user in the OSA or NOSA groups was matched to up to

three nonusers in the respective group by age, gender, and geographic

region (for MarketScan CM and IMS LifeLink) and race (for

MarketScan Medicaid). Nonusers were assigned the same index date

as their matched modafinil users and were required to have at least

12 months of continuous enrollment prior to the index date.

During the 12‐month period preceding modafinil initiation

(baseline period), data were extracted on patient's characteristics,

comorbidities, and drug‐related therapy. The following potential risk

factors were examined: hypertension, CV disease, hyperlipidemia,

obesity, stroke, diabetes, smoking, number of prior hospitalizations,

modified Charlson Comorbidity Index score, and illicit drug use. The

Charlson Comorbidity Index was calculated by mapping the diagnosis

codes in a patient's profile to the relevant score.11-14 A pre‐defined

set of International Classification of Diseases, Ninth Revision (ICD‐9)

diagnosis codes were used to identify chronic medical conditions

and comorbidities in the patient records. In addition, prescription
claims filled during the baseline period for the treatment of chronic

medical conditions such as hypertension, CV disease, hyperlipidemia,

and diabetes were extracted and used as a proxy to identify these

comorbid conditions. Additional medication classes of interest were

used to account for confounding effect on the outcomes, including

amphetamine stimulants (excluding modafinil), antidepressants,

sympathomimetic agents; hormone replacement therapy, antiplatelet

agents, and non‐steroidal anti‐inflammatory drugs.
2.2 | Study outcomes

Study outcomes of interest included (1) myocardial infarction (MI),

(2) stroke, (3) CV hospitalization, and (4) all‐cause death (MarketScan

databases only) during the post‐index follow‐up. Myocardial infarction

was defined as first occurrence of ICD‐9 diagnosis code 410 recorded

in the primary diagnosis field in the hospital discharge claim. This code

had a high positive predictive value (92% to 96%) when located as the

primary diagnosis field in the hospital discharge claim in various US

health care databases.15-18 For the MI outcome, patients with a

pre‐index inpatient MI were excluded and were not stratified due to

their small numbers.

Stroke was defined as first occurrence of inpatient hemorrhagic or

ischemic stroke. These types of stroke were combined due to the

small number of events, although the majority of strokes were of

ischemic nature. Stroke was identified by ICD‐9 hospital discharge

primary diagnosis codes of cerebral infarctions 430, 431,433.x1,

434.0, 434.1, 434.x1, 434.9, and 436. These codes had a high positive

predictive value (85% to 96%) when located as the primary diagnosis

in the hospital discharge claim in various US health care data-

bases.18-21 Inpatient stroke outcomes were stratified by the presence

or absence of previous inpatient stroke recorded at baseline. In

patients with a history of stroke occurring prior to the index date

(pre‐index stroke), a new stroke event was counted only if the time

lapse between the pre‐index stroke and the new stroke was more than

15 days. In these patients, any stroke occurring in less than 15 days

was considered an event related to the pre‐index stroke and thus
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precluding potential selection bias arising from misclassification of

stroke events.

Cardiovascular hospitalization was defined as a composite of CV

events recorded in the hospital discharge claim and recorded in the

primary diagnosis field. CV events were identified by ICD diagnosis

codes, diagnosis‐related group codes, or Current Procedural Terminol-

ogy codes, based on previously published CV outcome codes.22-29

All‐cause death was defined as death from any cause identified in

inpatient hospital settings. Since administrative databases may not

reliably capture death, an additional method was used as a proxy to

identify death cases.30 The proxy procedure included identification

of patients for whom there was no claim recorded in the post‐index

period for ≥6 months until end of the patient's enrollment or end of

the study period. Death was determined when the events likely to

be fatal (eg, cardiac arrest, resuscitation, or hospitalization) occurred

during the last month of activity. All‐cause death was captured only

in the MarketScan CM and Medicaid Databases and evaluated as a

rough indicator for CV death since CV disease is the leading cause

of death in older adults.31,32
2.3 | Follow‐up and analysis

Patients in the OSA and NOSA cohorts were followed up from the

index date until the earliest occurrence of one of the following events:

study outcome, end of membership enrollment, or end of the study

period (31 December 2009). Incidence rates of outcomes of interest

with 95% confidence intervals (CIs) between modafinil users and

nonusers in the OSA and NOSA cohorts were calculated as the num-

ber of events divided by cumulative cohort follow‐up time (person‐

time). Survival analysis plots were generated showing time to event

for all end points. Hazard ratios (HRs) with 95% CIs were calculated

for each of the study endpoints using Cox proportional hazards

models adjusted for covariates. The following covariates were used

in the multivariate models: history of hypertension, history of CV dis-

ease (MI, unstable angina, stroke, coronary bypass surgery, coronary

angioplasty), diabetes, hyperlipidemia, obesity, illicit drug use, and

therapeutic class drugs used as proxy indicators for the presence of

disease. Additional covariates included Charlson comorbidity score

(0, 1, 2+), number of hospitalizations, medication classes: amphet-

amine stimulants (excluding modafinil), antidepressants, sympathomi-

metic agents, hormone replacement therapy, antiplatelet agents, and

non‐steroidal anti‐inflammatory drugs. Age, gender, region (for

MarketScan CM and IMS LifeLink), and race (for MarketScan Medic-

aid) were controlled by matching. Analyses were performed using

SAS version 9.2.
3 | RESULTS

3.1 | Baseline characteristics

During the 3‐year study period, the cohorts included a total of

175 524 patients (63 576 OSA and 111 948 NOSA) in MarketScan

CM; 77 266 (26 757 OSA and 50 509 NOSA)—in IMS LifeLink; and

8174 (2360 OSA and 5814 NOSA)—patients in MarketScan Medicaid.
The characteristics of OSA and NOSA cohorts stratified by modafinil

use for all three databases are shown in Table 1.

After matching for baseline characteristics, the modafinil users

and nonusers were similar with respect to age, gender, with the excep-

tion of a slight imbalance in prior medical history (for example, stroke),

and medication use. The study population was younger in the

MarketScan CM than in the IMS LifeLink (mean age 45 vs 50 years

in the OSA modafinil users, respectively, and 42 vs 48 years in the

NOSA modafinil users, respectively). In the MarketScan Medicaid,

the mean age of patients was 39 (SD = 14.2) and 33 (SD = 15.6) years

for OSA and NOSA groups, respectively. In the MarketScan CM,

patients aged 65 years or older accounted for approximately 12%

and 15% of the OSA and NOSA cohorts, respectively, whereas in

the IMS LifeLink and MarketScan Medicaid Databases, less than 2%

of the patients were aged 65 years or older. In the MarketScan Med-

icaid, the study population consisted mostly of women (70%), and a

substantial proportion of the population was <18 years of age (>10%

and > 20% in the OSA and NOSA groups, respectively).

3.2 | Crude incidence rates

The crude incidence rates of the outcomes of interest for the

modafinil users and nonusers in the OSA and NOSA cohorts in each

of the databases are shown in Table 2.

3.2.1 | MI

For OSA patients, the unadjusted incidence rate of MI ranged from 1.6

to 4.6/1000 person‐years and was higher in modafinil users than

nonusers in the MarketScan CM but not in the IMS LifeLink and

MarketScan Medicaid. In the NOSA cohort, a similar pattern was

seen where the unadjusted incidence rate of MI ranged from 0.9 to

3.6/1000 person‐years andwas higher inmodafinil users than nonusers

in MarketScan CM but not in the IMS LifeLink and MarketScan

Medicaid.

3.2.2 | CV hospitalization

The unadjusted incidence rate of CV hospitalization in OSA patients

was higher in modafinil users than nonusers in IMS LifeLink but not

in the MarketScan CM and MarketScan Medicaid. In the NOSA

cohort, the unadjusted incidence rate of CV hospitalization was higher

in modafinil users than nonusers in MarketScan CM but not in IMS

LifeLink and MarketScan Medicaid.

3.2.3 | Stroke

For OSA patients with prior stroke or those without prior stroke, the

unadjusted incidence rate of stroke was higher in modafinil users than

nonusers in MarketScan CM but not in IMS LifeLink and MarketScan

Medicaid. The crude stroke rate was generally higher in patients with

prior stroke than in patients without prior stroke. In the NOSA cohort,

similar patterns were seen.

3.2.4 | All‐cause death

For OSA patients, the unadjusted incidence rate of all‐cause death

was higher in modafinil users than nonusers in MarketScan Medicaid

but not in MarketScan CM. In the NOSA cohort, the unadjusted



TABLE 2 Cardiovascular incidence events among modafinil users and nonusers with obstructive sleep apnea (OSA) and non‐OSA (NOSA), by
database: 1 January 2006 to 31 December 2009

Cohort Database

Modafinil Users Nonusers

Events/persons Events/1000 PY 95% CI Events/persons Events/1000 PY 95% CI

Myocardial infarction

OSA MarketScan CM 140/16 748 4.5 3.7‐5.2 320/46 577 3.6 3.2‐4.0
IMS LifeLink 22/7104 1.9 1.1‐2.6 53/19 606 1.6 1.2‐2.0
MarketScan Medicaid 3/615 3.1 0.0‐6.6 13/1734 4.6 2.1‐7.1

NOSA MarketScan CM 200/30 315 3.6 3.1‐4.0 477/81 294 2.8 2.5‐3.0

IMS LifeLink 19/13 829 0.9 0.5‐1.3 67/36 626 1 0.8‐1.2

MarketScan Medicaid 6/1560 2.8 0.6‐5.0 9/4240 1.3 0.5‐2.2

CV hospitalization

OSA MarketScan CM 643/16 807 20.9 19.3‐22.5 1747/46 769 20.2 19.2‐21.1
IMS LifeLink 164/7112 14.1 11.9‐16.2 379/19 645 11.6 10.5‐12.8
MarketScan Medicaid 25/618 26.7 16.2‐37.1 96/1742 35.2 28.1‐42.2

NOSA MarketScan CM 802/30 420 14.4 13.4‐15.4 2083/81 528 12.3 11.8‐12.8
IMS LifeLink 106/13 841 5 4.0‐5.9 389/36 668 5.8 5.2‐6.4
MarketScan Medicaid 18/1564 8.3 4.5‐12.2 55/4250 8.2 6.0‐10.4

Stroke (with baseline stroke)

OSA MarketScan CM 27/150 113.1 70.5‐155.8 20/228 48.4 27.2‐69.6
IMS LifeLink 1/15 49.9 0.0‐147.6 0/18 0 0.0‐0.0
MarketScan Medicaid 2/7 194.1 0.0‐463.0 1/16 72.4 0.0‐214.3

NOSA MarketScan CM 81/523 103.2 80.7‐125.7 51/453 61.5 44.6‐78.4
IMS LifeLink 2/45 32.8 0.0‐78.4 2/22 68.2 0.0‐162.6
MarketScan Medicaid 2/22 79.2 0.0‐189.0 0/10 0 0.0‐0.0

Stroke (without baseline stroke)

OSA MarketScan CM 162/16 657 5.2 4.4‐6.0 372/46 541 4.2 3.8‐4.7
IMS LifeLink 15/7097 1.3 0.6‐1.9 34/19 627 1 0.7‐1.4
MarketScan Medicaid 4/611 4.2 0.1‐8.2 18/1726 6.4 3.5‐9.4

NOSA MarketScan CM 320/29 897 5.8 5.1‐6.4 621/81 075 3.6 3.4‐3.9
IMS LifeLink 7/13 796 0.3 0.1‐0.6 38/36 646 0.6 0.4‐0.7
MarketScan Medicaid 10/1542 4.7 1.8‐7.6 27/4240 4 2.5‐5.5

All‐cause death

OSA MarketScan CM 62/16 807 2 1.5‐2.5 169/46 769 1.9 1.6‐2.2
IMS LifeLink N/A N/A
MarketScan Medicaid 0/618 0 0.0‐0.0 24/1742 8.5 5.1‐11.9

NOSA MarketScan CM 232/30 420 4.1 3.6‐4.6 248/81 528 1.4 1.3‐1.6
IMS LifeLink N/A N/A
MarketScan Medicaid 4/1564 1.8 0.8‐4.3 16/4250 2.4 0.0‐3.6

*P‐value <0.05 and is statistically significant.

Abbreviations: CI, confidence interval; CV, cardiovascular; N/A, not available; NOSA, non‐OSA; OSA, obstructive sleep apnea; PY, patient‐years.
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incidence rate of all‐cause death was higher in modafinil users than

nonusers in MarketScan CM but not in the MarketScan Medicaid.

3.3 | Adjusted hazard ratios

The adjusted HRs of outcomes of interest for the modafinil users and

nonusers in the OSA and NOSA cohorts in each of the databases are

shown in Figure 1.

3.3.1 | MI

The adjusted HRs for MI in the OSA cohorts were not statistically dif-

ferent across all databases suggesting comparable MI incidence rate

between modafinil users and nonusers. Similar patterns were reported

in the NOSA across all databases. The HRs in the OSA and NOSA var-

ied slightly around the threshold of one for all databases except for

MarketScan Medicaid. In the latter, the HR estimates were above or

below one but were not different than one due to the wide CIs.
3.3.2 | CV hospitalization

Similar to the MI outcome, the adjusted HRs of CV hospitalization in

the OSA cohorts were not statistically different across all databases,

suggesting that the rate of CV hospitalization was similar between

modafinil users and nonusers. Similar patterns were found in the

NOSA across all databases, but for IMS LifeLink where the HR was

lower than one in the modafinil users compared with the nonusers

(HR, 0.69; 95% CI, 0.54 to 0.87).
3.3.3 | Stroke

Due to the small sample size for OSA patients with prior stroke, the

adjusted HRs were calculated only in the MarketScan CM. For OSA

patients with prior stroke, an adjusted HR of 1.96 (95% CI, 1.02 to

3.76) was observed for stroke among modafinil users compared with

nonusers.



FIGURE 1 Adjusted hazard ratios for outcomes of interest among modafinil users and nonusers with obstructive sleep apnea (OSA) and non‐
OSA (NOSA), across databases: 1 January 2006 to 31 December 2009† hazard ratios for outcomes are referenced to modafinil exposure,
adjusted for covariates.* P‐value <0.05 is considered statistically significantOSA = obstructive sleep apnea; NOSA = non‐OSA; CM = MarketScan
Commercial Claims and Encounters Database; PH = IMS LifeLink Database, AKA PharMetrics; MA = MarketScan Multi‐State Medicaid Database;
HR = hazard ratio; CI = confidence interval; UCL = upper confidence limit; LCL = lower confidence limit CV = cardiovascular; N/C = not calculated
(number of cases too small); N/A = not available.
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In NOSA patients without a prior history of stroke, the HR for

stroke was inconsistent across databases, showing an increased risk

in MarketScan CM (HR, 1.30; 95% CI, 1.12 to 1.51), a decreased risk

in IMS LifeLink (HR, 0.39; 95% CI, 0.17 to 0.92), and no difference

in MarketScan Medicaid.
3.3.4 | All‐cause death

All‐cause death in the OSA was calculated only in the MarketScan CM

showing no difference between modafinil users and nonusers. Among

the NOSA cohort, the HRs for all‐cause death in the NOSA were

inconsistent between the databases, showing an increased risk in

MarketScan CM (HR, 2.04; 95% CI, 1.67 to 2.49), and no difference

in MarketScan Medicaid.
4 | DISCUSSION

In the context of a modafinil CV safety study, the incidence rates and

the risk estimates of various CV events between modafinil users and

nonusers were compared across three US administrative health care

databases, applying a standardized methodology. The risk estimates

for CV events between modafinil users and nonusers were not con-

sistent and varied. For most events, there was no indication for

increased risk across the three databases. For stroke, though, results

suggested an increased stroke rate in modafinil users compared with

nonusers. Specifically, modafinil was associated with nearly doubling

the rate of stroke in a subgroup of OSA patients with prior stroke.
However, the lack of increased risk of stroke among NOSA with prior

stroke does not support causal relationship. Similarly, in NOSA

patients with no prior stroke, modafinil exposure appeared to display

divergent results between the three databases, with one showing an

increased risk of stroke and the other—a decreased risk. Similarly,

the inconsistencies across cohorts and databases do not support a

causal relationship between modafinil and stroke. In addition, all‐

cause death rate was higher among modafinil users compared with

nonusers but only among NOSA suggesting the possibility that

modafinil was prescribed to the frailest patients, who might have

had a greater risk of all‐cause death not accounted for due to unmea-

sured confounding.

The study results are generally consistent with a case‐control

study conducted to evaluate CV outcomes in patients with OSA

prescribed stimulant, including modafinil.33 The study found that stim-

ulant medications were not associated with elevated risk of mortality,

implantable cardioverter‐defibrillator, or pacemaker insertion. In addi-

tion, the incidence rates of CV outcomes in our study are generally

within the range reported for the US population. The incidence of

MI and first stroke in the general US population aged 35 to 64 years

ranges from 0.2 to 5.5 (and up to 11.5 through age of 84 years)

cases/1000 patient‐years (PY), and 1.0 to 5.3 cases/1000 PY (and up

to 32.1 through age of 85 years) cases/1000 patient‐years (PY),

respectively, and varied by age, race, and gender.32 The proportions

of recurrent stroke observed in the three databases were within, or

slightly above, the range reported in the general US population aged

45 years and older (ranging from 6% to 25%).32 Given possible
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differences in demography and clinical characteristics between the

study population and the general US population, the study rates and

the reference rates are largely comparable.

The potential source of variation across databases should be men-

tioned. Some of the inconsistencies in the results can be explained by

the database size and the underlying population characteristics that

were examined as part of the secondary objective of this study. The

MarketScan CM Database consists of a relatively large sample size

with representation of the elderly population. IMS LifeLink Database

has a somewhat smaller sample size, and it includes a relatively

younger population with a lower baseline rate of CV events.

MarketScan Medicaid Database, on the other hand, consists of a much

younger, low‐income population, the majority of which is female

(usually pregnant women), but also families with children, and elderly

or chronically disabled persons. Thus, the MarketScan CM and the

IMS LifeLink databases appear to be more suitable to assess the study

objectives.

An important limitation of the study is the potential for unmea-

sured confounding due to the inherent non‐randomized design and

the use of claims databases. Administrative data lack the clinical

details that may be used as potential confounders, such as indication,

disease severity, smoking, and blood pressure measurements. Indeed,

the results suggested that modafinil users had generally more comor-

bidities and used more medications to treat underlying comorbidities.

Accordingly, modafinil may have been prescribed to the frailest popu-

lation among the NOSA who might have had a greater risk of all‐cause

death. Moreover, it was not possible to adjust for the reason for which

modafinil was prescribed, severity of OSA, and other comorbidities.

Other explanation could be misclassification of the underlying condi-

tion, OSA. It could be possible that patient classified as NOSA had

undiagnosed OSA, especially since it is not clear if OSA patients were

treated adequately. Therefore, even after adjusting for potential con-

founders, confounding by indication and by disease severity cannot

be ruled out and the risks reported might be artificially elevated to

an unknown magnitude.

Misclassification of exposure or outcome is another potential

limitation of observational studies. In this study, subjects were classified

as modafinil initiators at cohort entry and were considered exposed

throughout the follow‐up. This method is the observational analog of

an intention‐to‐treat clinical trial design. As in clinical trials, this

approach may misclassify users and nonusers once therapy is

discontinued, but it has the advantage of preserving the between‐group

balance obtained by the cohort matching process at baseline. To

minimize misclassification of outcome, CV outcome diagnoses were

identified solely from inpatient claims using codes that have been

consistently well‐validated in previous studies since an independent

case validation could not be performed.15-21,34 Still misclassification of

stroke outcome could have been occurred as it is possible that in

modafinil users with OSA and a history of stroke, the outcome of

incident stokewas not a new stroke but rather event related to previous

stroke.

Deaths from any cause were identified from inpatient hospital

settings. Nonetheless, the outcome measure of death should be

regarded with caution as the validity of death status in these studies

has not been assessed. Of note, CV disease accounts for only 30%
of all global deaths.32 Thus, it is not clear whether the increased risk

of deaths observed is indeed CV related, especially given that the risk

was not elevated for other CV outcomes.

Another limitation is the stratified analyses for stroke that

resulted in low event rate and, consequently, limited precision. Fur-

thermore, multiplicity could account for the statistically significant

results in some of the stratified analyses, especially given the number

of databases, cohorts, and outcomes.

Finally, the potential for information bias due to differentiation in

the medical care and follow‐up between the groups is noteworthy.

Nonusers were subjects who did not receive a modafinil prescription

throughout the study period and thus may be subject to less surveil-

lance for detecting adverse outcomes, although the study outcomes

are unlikely to be overlooked. Moreover, in the United States,

modafinil is classified as a schedule IV‐controlled substance and has

restricted availability and use due to potential addiction concerns. As

a result, it is possible that modafinil users would be followed up more

closely compared with nonusers. However, given the severity and the

expected high positive predictive value of the outcomes of interest,

information bias for the primary endpoints seems unlikely.
5 | CONCLUSIONS

Using one common protocol showed an overall consistency in the risk

estimates of CV events across all three databases. However, there

were few risk estimates that were not consistent. The lack of consis-

tency of the risks across cohorts and databases does not support a

causal relationship between modafinil and stroke.
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