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ORIGINAL RESEARCH

Cardiovascular Risks in People With 
Narcolepsy: Expert Panel Consensus 
Recommendations
Younghoon Kwon , MD, MS; Apoor S. Gami, MD; Shahrokh Javaheri, MD; Gregg S. Pressman , MD; 
Thomas E. Scammell , MD; Lee A. Surkin , MD; Phyllis C. Zee, MD, PhD

BACKGROUND: Observational and retrospective studies suggest that people with narcolepsy may have an increased prevalence 
of cardiovascular and cardiometabolic comorbidities and may be at greater risk for future cardiovascular events. An expert 
consensus panel was formed to establish agreement on the risk of hypertension and cardiovascular/cardiometabolic disease 
in people with narcolepsy and to develop strategies to mitigate these risks.

METHODS AND RESULTS: Experts in sleep medicine and cardiology were selected to participate in the panel. After reviewing 
the relevant literature, the experts identified key elements, drafted recommendation statements, and developed discussion 
points to provide supporting evidence for the recommendations. The draft and final recommendations were rated on a scale 
from 0 (not at all agree) to 4 (very much agree). All experts had an agreement rating of 4.0 for all 14 revised recommendation 
statements for patients with narcolepsy. These statements comprised 3 themes: (1) recognize the risk of hypertension and 
cardiovascular/cardiometabolic disease, (2) reduce the risk of hypertension and cardiovascular/cardiometabolic disease, and 
(3) reduce sodium intake to lower the risk of hypertension and cardiovascular disease.

CONCLUSIONS: These consensus recommendations are intended to increase awareness of potential cardiovascular/cardio-
metabolic risks in patients with narcolepsy for all clinicians. Early monitoring for, and prevention of, cardiovascular risks in this 
population are of great importance, especially as narcolepsy usually develops in adolescents and young adults, who will be 
exposed to adverse effects of the disease for decades. Prospective systematic studies are needed to determine association 
and causation of narcolepsy with cardiovascular/cardiometabolic disorders.
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Narcolepsy is a chronic, neurologic sleep/wake 
disorder characterized by excessive daytime 
sleepiness, disrupted nighttime sleep, cataplexy 

(sudden loss of voluntary muscle tone), and symptoms 
such as sleep paralysis and hallucinations upon awak-
ening (hypnopompic) or falling asleep (hypnagogic) 
(Figure 1A).1 People with narcolepsy type 1 (NT1) have 
cataplexy or very low or absent cerebrospinal fluid 
orexin levels.1 NT1 is caused by a loss of the orexin- 
producing neurons in the hypothalamus.2 People with 
narcolepsy type 2 (NT2) do not have cataplexy and 

have normal cerebrospinal fluid orexin levels. The un-
derlying pathophysiology of NT2 is unknown.1

Observational and retrospective studies suggest 
that people with narcolepsy (NT1 or NT2) may have a 
higher- than- average prevalence of cardiovascular and 
cardiometabolic comorbidities, including obesity, di-
abetes, dyslipidemia, and hypertension (Figure 1B).3,4 
Additionally, a retrospective cohort study of administra-
tive claims data suggested that people with narcolepsy 
had higher incidence rates of new- onset cardiovas-
cular events than those without narcolepsy, although 
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insurance claims database studies are limited in their 
generalizability5 and presence of unknown confound-
ing issues could influence the results and conclusions.

While sleep specialists may often be the primary 
physicians managing narcolepsy, it is also beneficial 
for primary care providers and non–sleep specialists, 
including cardiologists, to be aware of the potentially 
higher cardiovascular risks in this patient population. 
Narcolepsy typically develops in adolescents and 
young adults, a group that may not be routinely evalu-
ated for cardiovascular risks. Sleep disruption has been 
increasingly implicated in elevated blood pressure (BP) 
and cardiovascular risk,6,7 suggesting that therapies 
achieving optimal sleep duration and quality in these 
patients may be important in improving long- term 
cardiovascular outcomes. Stimulant medications are 
common first- line treatments in these young patients, 
which may, in and of themselves, increase the risk of 
elevated BP and cardiac arrhythmias (Figure  1B).8,9 
Other treatments used as second- line for cataplexy 
include selective serotonin reuptake inhibitors and 

serotonin–norepinephrine reuptake inhibitors,10,11 
which can be associated with cardiac arrhythmias and 
increased BP.12–15 Many patients are treated with oxy-
bates, and most formulations (except for low- sodium 
oxybate16–18) contain large amounts of sodium, which 
may increase cardiovascular risks.19,20 Because nar-
colepsy usually develops in teens and young adults,21 
people with narcolepsy have potentially more years of 
exposure to adverse risk factors (eg, younger- onset 
obesity and elevated BP4,22), which may contribute to 
a greater lifetime risk of cardiovascular disease com-
pared with people without narcolepsy.

Thus, an expert consensus panel was formed to re-
view the existing evidence and establish agreement on 
the risk of hypertension and cardiovascular/cardiomet-
abolic disease in people with narcolepsy and to de-
velop strategies to mitigate these risks.

Possible Mechanisms Underlying a Link 
Between Narcolepsy and Cardiovascular/
Cardiometabolic Risks
The mechanisms by which any potential cardiovascu-
lar/cardiometabolic risks are increased in people with 
narcolepsy are not well understood. NT1 is caused by 
orexin deficiency, yet in addition to promoting the wak-
ing state, stimulation of orexigenic pathways also in-
creases heart rate, BP, and possibly metabolic rate.23,24 
For example, injection of orexin- A into the dorsome-
dial hypothalamus increases BP and heart rate, and 
these responses are attenuated by pretreatment with 
an orexin receptor 1 antagonist.24 Similarly, in a recent 
phase 2 controlled trial, administration of an orexin re-
ceptor 2 agonist to patients with NT1 increased BP in 
3 of 56 patients, and 24- hour mean heart rate was in-
creased in the higher- dose groups on 2 separate days 
of treatment.25 Thus, if orexins increase BP and heart 
rate, one might expect the opposite effect (ie, reduced 
cardiovascular/cardiometabolic risk) in people with 
NT1 who have large reductions in orexin.

However, reduced orexin signaling may indirectly 
increase BP by fragmenting sleep. People with narco-
lepsy often have disrupted nighttime sleep, with fre-
quent spontaneous awakenings, as well as a higher 
prevalence of obstructive sleep apnea (OSA).3,26 This 
sleep disruption may increase sympathetic tone, 
which could result in a nondipping BP pattern at 
night (defined as a BP decrease of <10% compared 
with daytime BP),27 and in the long term contribute 
to hypertension.28 Nocturnal nondipping is also as-
sociated with greatly increased risk of cardiovascular 
death.27,29,30 Increased nighttime arousals have been 
associated with autonomic dysfunction and hyperten-
sion in healthy adult men.31–33 In addition, preclinical 
data suggest that sleep fragmentation can worsen 
atherosclerotic burden. Repeated awakenings in 

CLINICAL PERSPECTIVE

What Is New?
• Potential cardiovascular and cardiometabolic 

risks in people with narcolepsy encompass 
risks related to having the condition of narco-
lepsy, as well as those related to certain narco-
lepsy treatments.

• A panel of experts in sleep and cardiology devel-
oped consensus recommendations for reducing 
the risk of cardiovascular and cardiometabolic 
comorbidities in people with narcolepsy.

What Are the Clinical Implications?
• All clinicians should increase their awareness 

of the potential cardiovascular/cardiometabolic 
risks for people with narcolepsy.

• Behavioral, therapeutic, and dietary strategies 
are recommended to mitigate these potential 
risks.

Nonstandard Abbreviations and Acronyms

AHA American Heart Association
NT1 narcolepsy type 1
NT2 narcolepsy type 2
SSaSS Salt Substitute and Stroke Study
TOHP Trials of Hypertension Prevention
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mice resulted in increased food intake, elevated BP, 
increased infiltration of inflammatory cells in the aor-
tic wall, disruption of elastic fibers in the aorta, and 

altered endothelial function.34 In mice with a genetic 
predisposition for atherosclerosis, sleep fragmentation 
increased the size of their atherosclerotic lesions.35

Figure 1. Overview of narcolepsy characteristics/symptoms (A) and potential cardiovascular/cardiometabolic risk 
factors associated with narcolepsy and narcolepsy treatments (B). 
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Narcolepsy often develops in children and adoles-
cents, though there is often a lag of several years be-
tween the appearance of symptoms and diagnosis.21 
When NT1 develops in childhood, rapid weight gain 
is common, and in adults with NT1, body mass index 
is 10% to 20% higher than in those without NT1.22,36 
Possible causes of this weight gain include reduced 
sympathetic tone and a lower metabolic rate, both of 
which are increased with orexin23; but as of yet, there 
is no clear evidence for reduced sympathetic tone or 
metabolic rate, or changes in food intake or physical 
activity in children with NT1.22 In a mouse model, cen-
tral administration of orexin- A stimulated food intake37 
whereas an orexin receptor 1 antagonist reduced 
feeding.38 However, because orexin increases time 
awake, the increased food intake could have been in 
part related to being awake for longer.

Finally, it is possible that cardiovascular/cardiomet-
abolic risks in people with narcolepsy could be ele-
vated by indirect mechanisms, such as lifestyle factors 
(eg, lack of exercise or poor food choices). Some peo-
ple with narcolepsy may be too sleepy or fatigued to 
exercise.39 Lack of quality sleep has been associated 
with suboptimal food choices (such as fast food and 
high- calorie items), although dietary data for people 
with narcolepsy are sparse.40,41 Comorbid conditions 
that are associated with narcolepsy may also in-
crease cardiovascular/cardiometabolic risk. OSA and 
restless legs syndrome are more prevalent in people 
with narcolepsy than in those without narcolepsy, per 
US claims analysis,3 which may themselves be as-
sociated with greater cardiovascular/cardiometabolic 
risk.42,43 Psychiatric disorders, such as depression 
and anxiety, have been reported to have greater prev-
alence in people with narcolepsy when compared 
with age-  and sex- matched controls from the general 
population44,45 or with patients without narcolepsy.46 
Such psychiatric disorders themselves may be asso-
ciated with an increased risk of cardiovascular dis-
ease (CVD).47,48 A cross- sectional analysis of data 
from the Behavioral Risk Factor Surveillance System 
from 2017 to 2020 found that people with depression 
had 2.3 times higher odds of having CVD, and those 
without CVD were more likely to have suboptimal car-
diovascular health.49

METHODS
The authors declare that all supporting data are avail-
able within the article.

Expert Panel Selection and Meeting 
Preparation
Interactive Forums, Inc., provided centralized over-
sight of invitations to potential panelists. A total of 14 

experts were invited via email, with 8 acceptances 
(Figure 2). The consensus panel consisted of 4 car-
diologists with clinical or research expertise in sleep 
medicine and 4 sleep medicine specialists with sig-
nificant interest in cardiology. One was chosen to 
serve as the panel chair. Selection criteria included 
publications and congress activity in both cardiology 
and sleep medicine. Other considerations for panelist 
selection included recommendations by the panel 
chair and other panelists and previous advisory board 
engagement. After approval of each potential panelist 
for invitation by the panel chair, Interactive Forums, 
Inc., sent email invitations on the chair’s behalf to 
request panel participation, assess panelists’ avail-
ability, and determine dates for the consensus panel 
meetings. Institutional review board approval was not 
required for this study.

A modified Delphi panel method was used to sys-
tematically and quantitatively combine expert opinion 
and evidence by asking panelists to rate, comment, 
discuss, revise, and then rerate the panel recom-
mendations over the course of 2 premeeting as-
signments and 2 meetings. Under the guidance and 
direction from the panel chair, Interactive Forums, 
Inc., conducted a narrative literature review to sum-
marize published literature on the risk of developing 
hypertension and cardiovascular/cardiometabolic 
disease in people with narcolepsy and potential 
strategies for risk mitigation. Of note, the initial lit-
erature review included the risk of cardiovascular/
cardiometabolic disease in people with idiopathic 
hypersomnia; however, due to the paucity of avail-
able evidence in this patient population, consensus 
recommendation statements were developed only 
for narcolepsy. The literature review summary and a 
premeeting assignment were sent to panelists to ob-
tain feedback about their impressions of the strength 
of published evidence (on a scale from 0 [not at all 
strong] to 4 [very strong]) and their recommendations 
to provide guidance to clinicians treating patients 
with narcolepsy. The survey responses were then 
collected, reviewed, and organized for presentation 
at Consensus Panel Meeting 1.

Development of Recommendation 
Statements
During Consensus Panel Meeting 1, which was held 
on February 10, 2023, panelists (n = 8) identified key 
elements for recommendations related to the risk of 
developing hypertension and cardiovascular/car-
diometabolic disease in people with narcolepsy and 
potential strategies for risk mitigation. These rec-
ommendations were condensed into a series of 
statements that were distributed to the panel in a pre-
meeting assignment before Consensus Panel Meeting 
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2. Panelists were asked to rate their level of agreement 
with each statement on a scale from 0 (not at all) to 
4 (very much) and to provide their suggestions to im-
prove the draft recommendation statements. During 
Consensus Panel Meeting 2, which was held on March 
13, 2023, panelists (n=6) discussed and further revised 
the set of recommendation statements. The panelists 
also generated ancillary discussion topics of low, me-
dium, and high priority for each recommendation, and 
all expressed interest in disseminating the recom-
mendations in the form of a published manuscript on 
reducing the risk of hypertension and cardiovascular/
cardiometabolic disease in narcolepsy.

The recommendation statements were made en-
tirely by the expert panel; the panel sponsor (Jazz 
Pharmaceuticals) was involved only in reviewing each 
statement to ensure that the guidance provided was 
consistent with US Food and Drug Administration pre-
scribing information. The consensus protocol was not 
prospectively registered.

Strength of Evidence Ratings
The highest level of evidence in support of each state-
ment was rated using the following scale:

A: high- quality evidence from >1 randomized 
controlled trial (RCT); meta- analyses of high- quality 
RCTs; ≥1 RCTs corroborated by high- quality registry 
studies.

B- R (randomized): moderate- quality evidence from 
≥1 RCTs; meta- analyses of moderate- quality RCTs.

B- NR (nonrandomized): moderate- quality evidence 
from ≥1 well- designed, well- executed nonrandomized 
studies, observational studies, or registry studies; 
meta- analyses of such studies.

C- LD (limited evidence): randomized or nonran-
domized observational or registry studies with limita-
tions of design or execution; meta- analyses of such 
studies; physiological or mechanistic studies in human 
subjects.

C- EO (expert opinion): consensus of expert opinion 
based on clinical experience.50

RESULTS
The agreement rating of all experts for all revised rec-
ommendation statements was 4.0 (very much agree) 
(Table 1). The level of evidence in support of each rec-
ommendation statement is shown in Table 2.51–58

Figure 2. Flowchart of consensus panel process.
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Recommendation 1: Recognize the Risk 
of Hypertension and Cardiovascular/
Cardiometabolic Disease in Patients With 
Narcolepsy
Statement 1a: Consider That Narcolepsy Has 
Been Linked to Increased Cardiovascular/
Cardiometabolic Risk

Observational and retrospective studies have suggested 
that patients with narcolepsy may have a greater preva-
lence of cardiovascular/cardiometabolic comorbidities 
than those without narcolepsy. A retrospective analysis 
of a large US insurance claims database from 2006 to 
2010 evaluated incidence rates of cardiovascular/cardio-
metabolic comorbidities for 9312 adults with narcolepsy 
(NT1 or NT2) and 46 559 controls without narcolepsy 
randomly selected on a 5:1 basis to match patients with 
narcolepsy by age, sex, geographic region, and payer 
type (private or Medicare).3 In this cohort, comorbid hy-
pertension was present in 44% of patients with narco-
lepsy versus 31% of controls. Patients with narcolepsy 
also had increased rates of obesity (odds ratio, 2.3 [95% 
CI, 2.2–2.5) and diabetes (odds ratio, 1.8 [95% CI, 1.7–
1.8). A second analysis of the administrative claims da-
tabase including 54 million patients in the United States 
from 2014 to 2019 found that patients with narcolepsy 
(n=12 816) had higher incidence rates of new- onset 
cardiovascular comorbidities or events compared with 
controls without narcolepsy (n=38 441) matched 3:1 by 
calendar date of cohort entry, age, sex, US geographic 
region, and payer type (commercial or Medicare).5 It 
is important to note that insurance claim analyses are 
subject to limitations, such as not capturing data from 
patients who are uninsured or otherwise lack access to 
health care, or those who live outside the United States. 
Additionally, the studies cited here were limited by pos-
sible confounding variables, such as disease duration, 
body mass index, and treatment history, among many 

clinical features not captured by this type of database, 
which may affect the results and conclusions.59

Beyond claims analyses, a systematic review and 
meta- analysis of observational studies of the metabolic 
profile in people with narcolepsy versus controls found 
a higher prevalence of hypertension and dyslipid-
emia in people with narcolepsy.4 Additionally, a recent 
Mendelian randomization study (that used variations 
in single- nucleotide polymorphism data from 460 913 
individuals from a UK Biobank genome- wide associa-
tion study) found that narcolepsy was associated with 
increased risk of heart failure (odds ratio, 1.7 [95% CI, 
1.0–2.9]; P=0.037) and coronary artery disease (odds 
ratio, 1.7 [95% CI, 1.0–2.9]; P=0.045).60

Still, not all studies support this perspective. In a 
study of 19 people with NT1, patients with narcolepsy 
had lower BP and heart rate compared with 19 sex-  
and age- matched controls.61 In these patients, heart 
rate, but not BP, was correlated with cerebrospinal 
fluid orexin levels; although those with virtually no ce-
rebrospinal fluid orexin had the lowest BP compared 
with those with the highest orexin levels. Akin to the 
above, in a clinical study of 50 individuals with NT1, 
participants had lower daytime diastolic BP, although 
a greater percentage showed a nondipping BP phe-
notype at night, compared with 42 healthy controls.62

Statement 1b: Recognize That Patients With 
Narcolepsy May Have Other Sleep Disorders, 
Which May Also Increase Cardiovascular/
Cardiometabolic Risk

People with narcolepsy have a higher prevalence of 
OSA and restless legs syndrome than those without 
narcolepsy, per US claims analyses.3 A 2021 scientific 
statement from the American Heart Association (AHA) 
established that OSA is associated with increased risk 
of stroke, heart failure, coronary artery disease, atrial fi-
brillation, and other arrhythmias.42 The evidence for the 
association of restless legs syndrome with increased 
CVD risk is mixed; some cross- sectional and longitudi-
nal studies demonstrate an increased risk, but others 
show no increased risk.43

Statement 1c: In Patients With Narcolepsy 
Without Existing Cardiovascular/
Cardiometabolic Disease, Annually Monitor BP, 
Weight, and Waist Circumference

Increases in BP may signal developing hypertension. 
Increased weight or waist circumference may be as-
sociated with metabolic syndrome, a constellation of 
interrelated metabolic risk factors including athero-
genic dyslipidemia, elevated BP, and elevated plasma 
glucose that predisposes patients to the risk of devel-
oping atherosclerotic CVD.51

Table 1. Consensus Agreement on Recommendation 
Statements

Statement 
number Recommendation statement

Mean agreement 
rating*

Initial, final

1 Recognize the risk of hypertension 
and cardiovascular/cardiometabolic 
disease in patients with narcolepsy

3.3, 4.0

2 Reduce the risk of hypertension 
and cardiovascular/cardiometabolic 
disease in patients with narcolepsy

3.8, 4.0

3 Reduce sodium intake to lower 
the risk of hypertension and 
cardiovascular disease in patients 
with narcolepsy

3.6, 4.0

*The experts rated their agreement with each recommendation statement 
on a scale from 0 (not at all agree) to 4 (very much agree).
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Statement 1d: Implement Guideline 
Recommendations for Screening Lipids and 
Glycated Hemoglobin A1c

The US Preventive Services Task Force recommends 
that men aged >35 years and women aged >45 years 
undergo routine lipid screening, which should include 
total cholesterol and high- density lipoprotein choles-
terol.52 For adults under these ages who have other 
risk factors for coronary heart disease, routine lipid 
screening is also recommended. The US Preventive 
Services Task Force also recommends that adults  
aged 35 to 70 years who are overweight or obese 
(without diabetes) be screened for prediabetes and 

type 2 diabetes by means of measuring fasting plasma 
glucose or hemoglobin A1c levels, or an oral glucose 
tolerance test.53

Statement 1e: In the Setting of Conditions 
Such as Hypertension, Family History of 
Premature Cardiovascular Disease, Diabetes, 
Glucose Intolerance, Obesity, Metabolic 
Syndrome, and OSA, Initiate Earlier or More 
Frequent Monitoring as Clinically Indicated

For individuals with these conditions, annual visits 
to a primary care provider should include monitoring 

Table 2. Ratings of the Strength of Evidence in Support of Each Recommendation Statement

Statement 
number Statement Evidence sources

Highest level 
of evidence*

1a Consider that narcolepsy has been linked to increased cardiovascular/cardiometabolic 
risk

Black et al, 20173

Mohammadi et al, 20214

Ben- Joseph et al, 20235

B- NR

1b Recognize that patients with narcolepsy may have other sleep disorders, which may also 
increase cardiovascular/cardiometabolic risk

Black et al, 20173 B- NR

1c In patients with narcolepsy without existing cardiovascular/cardiometabolic disease, 
annually monitor BP, weight, and waist circumference

Grundy et al, 200551 A

1d Implement guideline recommendations for screening lipids and glycated hemoglobin A1c US Preventive Services 
Task Force, 2001
US Preventive Services 
Task Force, 202152,53

A

1e In the setting of conditions such as hypertension, family history of premature 
cardiovascular disease, diabetes, glucose intolerance, obesity, metabolic syndrome, and 
OSA, initiate earlier or more frequent monitoring as clinically indicated

C- EO

2a Educate patients on the association between narcolepsy and cardiovascular/
cardiometabolic comorbidities

Black et al, 20173

Mohammadi et al, 20214

Ben- Joseph et al, 20235

B- NR

2b Counsel and monitor patients on the AHA’s “Life’s Essential 8” to obtain optimal sleep 
duration and quality and implement other lifestyle changes (eg, regular exercise, 
better food choices, timing of meals, reduced sodium intake, cessation of smoking) to 
decrease the risk for cardiovascular/cardiometabolic disease

Lloyd- Jones et al, 202254 A

2c Sleep clinicians should evaluate for and treat comorbid cardiovascular/cardiometabolic 
risk factors and conditions in collaboration with primary care, cardiology, endocrinology, 
sleep medicine, and other relevant specialties

C- EO

2d Evaluate for and treat comorbid OSA C- EO

2e Tailor narcolepsy drug therapy based on the risk for hypertension and cardiovascular 
disease

C- EO

3a Educate patients that high sodium intake from diet or medications can increase the risk 
of hypertension and cardiovascular disease

Wang et al, 202019 B- NR

3b Advise patients that reductions in sodium intake may lower their BP and cardiovascular 
risk

Filippini et al, 202155

Cook et al, 200756

Yin et al, 202257

A

3c Provide dietary educational materials (eg, AHA guidelines, DASH diet, WHO 
recommendations) to aid in reducing sodium intake

C- EO

3d Advise patients to use a salt substitute (if not contraindicated) and implement a low- 
sodium diet

Neal et al, 202158 B- R

AHA indicates American Heart Association; BP, blood pressure; DASH, Dietary Approaches to Stop Hypertension; OSA, obstructive sleep apnea; RCT, 
randomized controlled trial; and WHO, World Health Organization.

*Consensus statements were assigned the highest level of evidence available on the basis of the systematic review. Levels of evidence are defined as 
follows: A, high- quality evidence from >1 RCT, meta- analyses of high- quality RCTs, ≥1 RCTs corroborated by high- quality registry studies; B- R (randomized), 
moderate- quality evidence from ≥1 RCTs, meta- analyses of moderate- quality RCTs; B- NR (nonrandomized), moderate- quality evidence from ≥1 well- designed, 
well- executed nonrandomized studies, observational studies, or registry studies; meta- analyses of such studies; C- LD (limited evidence), randomized or 
nonrandomized observational or registry studies with limitations of design or execution, meta- analyses of such studies, physiological or mechanistic studies in 
human subjects; C- EO (expert opinion), consensus of expert opinion based on clinical experience.
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of modifiable risk factors (eg, smoking, exercise, 
diet), BP, lipid panel, and resting ECG. Close moni-
toring for cardiovascular risks may include 24- 
hour BP monitoring and coronary artery calcium 
scores. Metabolic syndrome is strongly associ-
ated with increased cardiovascular/cardiometabolic 
disease.63,64 In addition to hypertension and waist 
circumference, diagnostic criteria for metabolic syn-
drome include elevated triglycerides, elevated fast-
ing glucose, and reduced high- density lipoprotein 
cholesterol.51 Assessment of these markers may be 
important to monitoring ongoing risk of CVD in pa-
tients with narcolepsy.

Data on elevated cardiovascular/cardiometabolic 
risk in narcolepsy are mainly from studies in adults; 
evidence in younger patients is needed to guide car-
diovascular risk and narcolepsy management. Patient 
advocacy groups for people with narcolepsy (Table 3) 
may provide educational programs that raise aware-
ness about increased cardiovascular/cardiometabolic 
risks in people with narcolepsy.

Recommendation 2: Reduce the Risk 
of Hypertension and Cardiovascular/
Cardiometabolic Disease in Patients With 
Narcolepsy
Statement 2a: Educate Patients on the 
Association Between Narcolepsy and 
Cardiovascular/Cardiometabolic Comorbidities

As reviewed in Statement 1a, several analyses of large 
populations of patients with narcolepsy support the in-
creased prevalence of cardiovascular/cardiometabolic 
disease compared with people who do not have nar-
colepsy.3,4 While these studies have their limitations, 
and further studies are needed, the association of car-
diovascular/cardiometabolic disease in the narcolepsy 
population should be noted.

Statement 2b: Counsel and Monitor Patients 
on the AHA’s “Life’s Essential 8” to Obtain 
Optimal Sleep Duration and Quality and 
Implement Other Lifestyle Changes (eg, Regular 
Exercise, Better Food Choices, Timing of Meals, 
Reduced Sodium Intake, Cessation of Smoking) 
to Decrease the Risk for Cardiovascular/
Cardiometabolic Disease

In 2022, the AHA updated “Life’s Simple 7” (a con-
struct identifying 7 key components for cardiovascu-
lar health) and called this “Life’s Essential 8” on the 
basis of additional knowledge gained during the years 
since the initial construct.54 Getting the proper amount 
of sleep at night is now recognized as an essential 
component of cardiovascular health.65 Even relatively 
small increases in sleep duration can improve health 

factors related to cardiovascular/cardiometabolic 
risk. For example, in a study of 22 people with pre-
hypertension or hypertension type 1, sleeping for an 
additional 30 minutes per night was associated with 
significant reductions in BP.66 A randomized clinical 
trial of 80 nonobese individuals showed that extend-
ing sleep duration by an average of 1.2 hours per 
night significantly reduced daily caloric intake com-
pared with those who maintained their usual sleep 
duration.67 In a study of 42 people with narcolepsy, 
cardiopulmonary fitness in an exercise stress test 
was lower than that of age-  and sex- matched con-
trols and was inversely related to sleepiness and cat-
aplexy frequency.68 Given the importance of lifestyle 
change as a whole, clinicians should counsel patients 
with narcolepsy on healthy lifestyle to improve their 
CV risk profile beyond focusing on pharmacological 
therapy for narcolepsy.

Nevertheless, from the perspective of medications 
and sleep, it should be recognized that narcolepsy 
therapy with stimulants may cause insomnia or diffi-
culty sleeping,8,9,69 and some oxybate medications 
may require patients to wake from sleep in the early 
morning for repeat dosing.70,71 Both sodium oxybate 
and low- sodium oxybate require awakening from sleep 
for the second dose, disrupting sleep in people whose 
disorder is associated with sleep disruption.26 In this 
context, the US Food and Drug Administration recently 
approved a single- dose, extended- release sodium 
oxybate for treatment of narcolepsy72; this medica-
tion has high sodium content similar to conventional, 
twice- nightly sodium oxybate, but the single dose has 
the advantage of not requiring a second awakening. 
People with narcolepsy treated with oxybate have been 
reported to experience ≈42 to 53 arousals and 9 to 38 
awakenings each night.26 Although no studies have 
directly compared the effects of twice- nightly sodium 
oxybate or low- sodium oxybate70,71 with extended- 
release sodium oxybate,72 clinical trial data from the 
individual clinical development programs demonstrate 
that once- nightly and twice- nightly oxybate regimens 
are associated with similar improvements in sleep 

Table 3. Advocacy Groups for People With Narcolepsy

Organization Name Websites

Project Sleep proje ct-  sleep. com

Wake Up Narcolepsy (United 
States and Canada)

www. wakeu pnarc olepsy. org

Hypersomnia Foundation www. hyper somni afoun dation. org

Narcolepsy Network (United 
States)

www. narco lepsy netwo rk. org

Narcolepsy UK www. narco lepsy. org. uk

European Narcolepsy Network www. eu-  nn. com

Sleep Disorders Australia www. sleep oz. org. au

http://project-sleep.com
http://www.wakeupnarcolepsy.org
http://www.hypersomniafoundation.org
http://www.narcolepsynetwork.org
http://www.narcolepsy.org.uk
http://www.eu-nn.com
http://www.sleepoz.org.au
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architecture, stage shifts, arousals or awakenings, and 
patient- reported sleep quality.26

Statement 2c: Clinicians Should Evaluate 
for and Treat Comorbid Cardiovascular/
Cardiometabolic Risk Factors and Conditions 
in Collaboration With Primary Care, Cardiology, 
Endocrinology, and Other Relevant Specialties

An interdisciplinary approach to reducing cardiovas-
cular risk could include non–sleep specialists such 
as nutritionists, nurse practitioners, pharmacists, and 
other health care providers, in addition to the patient’s 
primary physician. Both the European Society of 
Cardiology and American College of Cardiology/AHA 
guidelines on cardiovascular disease prevention em-
phasize the importance of team- based, patient-  and 
family- centered interventions across several areas of 
expertise to address key aspects of CVD prevention, 
including social determinants and risk factor treat-
ment.73,74 Team- based care has been associated with 
lower CVD risk in people with hypertension, diabetes, 
and dyslipidemia.74

Statement 2d: Evaluate for and Treat 
Comorbid OSA

Diagnostic testing for OSA typically involves assess-
ing respiratory parameters during sleep in a laboratory 
equipped for polysomnography or with an at- home 
testing device.75 Treatment for OSA can include be-
havioral measures (eg, weight loss, exercise, avoiding 
sleeping supine, alcohol abstinence), positive airway 
pressure, mandibular repositioning devices, and sur-
gery (eg, otolaryngologic or bariatric surgery).75

Statement 2e: Tailor Narcolepsy 
Pharmacotherapy on the Basis of the Risk for 
Hypertension and Cardiovascular Disease

For patients with cardiovascular/cardiometabolic co-
morbidities, narcolepsy treatment should be selected 
carefully to avoid further increased cardiovascular risk. 
The following considerations are important to balanc-
ing the risks and benefits of treatment options that may 
be associated with greater cardiovascular risk.

Stimulants such as methylphenidate and dextro-
amphetamine that are commonly prescribed to treat 
narcolepsy are associated with cardiovascular risks 
and are accompanied by warnings against use in pa-
tients with known cardiac disorders.8,9 Accordingly, the 
American College of Cardiology issued a statement in 
2015 cautioning against the use of stimulants in pa-
tients with arrhythmia and advising that, for patients 
whose condition may warrant treatment with stimu-
lants, a careful weighing of benefits and risks should 

be performed.76 ECGs are not routinely performed be-
fore prescribing stimulants; however, for patients with 
suspected cardiac disease, obtaining a cardiologist’s 
opinion before prescribing stimulants may be recom-
mended. A 2023 case–control study of individuals with 
attention deficit/hyperactivity disorder found that lon-
ger cumulative duration of methylphenidate use was 
associated with increased risk of CVD.77 However, a 
meta- analysis of observational studies of methylphe-
nidate found no increased risk of stroke, myocardial 
infarction, or all- cause death, but did find an increased 
risk of sudden death/arrhythmia (risk ratio, 1.5 [95% 
CI, 1.0–2.1]; from 6 studies and 1.5 million individuals).78 
Importantly, patients with narcolepsy may be taking 
stimulants for an extended period because narcolepsy 
symptoms usually begin in childhood or adolescence 
and require ongoing management throughout adult-
hood.21 Thus, patients should be educated on the car-
diovascular risks associated with stimulant treatments. 
Future longitudinal studies should examine whether 
patients with narcolepsy taking stimulants for years 
have an increased risk of CVD.

Pitolisant is a histamine- 3 receptor antagonist/
inverse agonist used for treating excessive daytime 
sleepiness and cataplexy in adults with narcolepsy.79 
Although considered generally safe for people with 
narcolepsy,80 pitolisant should not be combined with 
other drugs that may increase the QT interval.79,81

Selective serotonin reuptake inhibitors (eg, fluox-
etine, sertraline, citalopram) and serotonin–norepi-
nephrine reuptake inhibitors (eg, venlafaxine) are used 
off- label as second- line treatments for cataplexy.10,11 
Some cardiovascular events, including arrhythmias 
(eg, QT interval prolongation, torsade de pointes), have 
been observed in people taking selective serotonin re-
uptake inhibitors.12–14 Venlafaxine can increase BP.15

For some patients, the cardiovascular risks linked to 
some narcolepsy medications (eg, stimulants and other 
wake- promoting agents) may be counterbalanced by 
improving sleep hygiene, which can positively impact 
cardiovascular health. In addition, improvement in ex-
cessive daytime sleepiness brought about by treat-
ment with a stimulant or wake- promoting agent may 
be associated with a reduction in cardiovascular risk 
factors that counteracts the inherent cardiovascular 
risks of the medication. For example, although the 
wake- promoting agent modafinil has been associated 
with increased heart rate and BP in healthy adults,82 
a meta- analysis of 6 randomized, placebo- controlled 
clinical trials of modafinil for the treatment of excessive 
daytime sleepiness in people with narcolepsy, OSA, 
and shift- work sleep disorder found no significant 
changes in these parameters from baseline to final 
study visit among patients treated with modafinil.83 
Improved sleep from effective narcolepsy treatment 
may also help restore nocturnal BP dipping.29,30
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Recommendation 3: Reduce Sodium 
Intake to Lower the Risk of Hypertension 
and Cardiovascular Disease in Patients 
With Narcolepsy
Statement 3a: Educate Patients That High 
Sodium Intake from Diet or Medications 
Can Increase the Risk of Hypertension and 
Cardiovascular Disease

In the general population, sodium intake (such as 
from sodium chloride [salt]) has been associated with 
cardiovascular risk. For example, a dose–response 
meta- analysis of 20 cohort studies found that the risk 
of CVD increased by 6% for each 1 g of sodium con-
sumed and indicated a linear relationship.19 According 
to the US Department of Agriculture Dietary Guidelines 
for Americans, 2020 to 2025, the recommended daily 
allowance of sodium intake for adults is 2.3 g/day, or 
5.75 g of salt (sodium chloride).84 The AHA further rec-
ommends that adults with hypertension and those at 
increased risk of hypertension should consume no 
more than 1.5 g of sodium per day.85 These recom-
mendations may be especially important for patients 
with narcolepsy on the basis of the increased preva-
lence of hypertension reported in narcolepsy.3,4 The 
average daily sodium intake of people aged >1 year 
in the United States is 3.3 g (ranging from 2 to 5 g).84 
In 2023, the World Health Organization published a 
“Global Report on Sodium Intake Reduction” and 
stated that the target of 30% reduction in global so-
dium consumption would not likely be reached by 
2025, as originally planned.86 The average daily salt 
intake worldwide has been estimated at 10.8 g.86

In addition to dietary sodium, people with narcolepsy 
may need to consider the sodium content of their med-
ication. While many medications commonly prescribed 
for people with narcolepsy do not significantly contribute 
to daily sodium intake, some sodium oxybate formula-
tions contain large amounts of sodium (Table 4).70,72

No studies have yet compared oxybate medica-
tions containing high versus low amounts of sodium 
in terms of cardiovascular/cardiometabolic risks. A lit-
erature review concluded that treatment with sodium 

oxybate does not confer additional cardiovascular risk 
in patients with narcolepsy on the basis of its sodium 
content and the clinical evidence through June 2020.87 
However, the authors acknowledged that the short 
duration of some pivotal studies may be insufficient to 
assess cardiovascular risk, and the effects of sodium 
oxybate treatment on cardiovascular outcomes have 
not been examined prospectively, nor have they been 
evaluated in patients predisposed to higher cardiovas-
cular risk.87 In contrast to the conclusions of the earlier 
review, a later retrospective analysis of claims data from 
patients who are normotensive with narcolepsy re-
ported those who initiated treatment with sodium oxy-
bate had an increased risk (odds ratio, 1.81 [95% CI, 
0.73–4.46]) of new- onset hypertension compared with 
patients who did not start sodium oxybate treatment 
(1:2 propensity score matched on clinical and demo-
graphic characteristics).88 Conversely, several studies 
have reported no effects of low- sodium oxybate on BP. 
In a post hoc analysis of phase 3 studies of oxybate- 
naive patients with narcolepsy or idiopathic hypersom-
nia, open- label, low- sodium oxybate treatment for 10 to 
14 weeks was not associated with changes in systolic 
BP.89 In a real- world study of patients transitioning from 
sodium oxybate to low- sodium oxybate, among the 18 
patients with comorbid hypertension at baseline who 
completed the study, 10 (56%) reported an improve-
ment in hypertension, 8 (44%) reported no change, and 
none reported worsening.90 A clinical trial is currently 
underway to assess 24- hour BP in patients before and 
after they switch treatment from sodium oxybate to 
low- sodium oxybate (Clini calTr ials. gov, NCT05869773). 
Regardless of whether sodium oxybate is associated 
with a greater risk of hypertension due to its high so-
dium content, it is noteworthy that both pediatric and 
adult patients with NT1 have lost weight when treated 
with sodium oxybate,91–94 as have adult patients with 
NT1 when treated with low- sodium oxybate.95 By de-
creasing body weight, it is conceivable that oxybate 
treatments could reduce BP and other cardiovascular 
risk factors that are associated with overweight in cer-
tain people.96

Among people who are salt sensitive, increased 
salt intake is associated with increased BP,97 and salt 
sensitivity tends to increase with advancing age.97 A 
recent prospective study of 213 community- based 
middle- aged to elderly participants (normotensive 
or with treated or untreated hypertension) who com-
pleted both high-  and low- sodium diets found that 
46% of participants were salt sensitive (defined as 
showing a ≥5 mm Hg decline in mean arterial pres-
sure between the high-  and low- sodium diet).98 Even 
in individuals who are not salt sensitive, however, 
reducing sodium intake can lower cardiovascular/
cardiometabolic risk. For example, excess sodium in-
take has been associated with arterial stiffness and 

Table 4. Sodium Content in Oxybate Medications*

Medication

Sodium content 
per maximum 
recommended dose

Sodium oxybate, oral solution (Xyrem) 1640 mg

Sodium oxybate, for extended- release oral 
suspension (Lumryz)

1640 mg

Calcium, magnesium, potassium, and sodium 
oxybates, oral solution (Xywav)

131 mg

*No other commonly prescribed narcolepsy medications include sodium 
content in the prescribing information; labeling of the quantitative sodium 
content is not required by the US Food and Drug Administration if a maximum 
dose of the drug contains <5 mg.18

http://clinicaltrials.gov
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increased left ventricular wall thickness and mass, 
independent of BP.99,100 Among adults with normal 
kidney function, higher salt intake is a predictor of fu-
ture kidney dysfunction independent of its effects on 
BP.101 High sodium intake (>3.6 g/day) is also associ-
ated with increased incidence of dialysis initiation.102 
Sodium intake may also elevate cardiovascular risk 
through effects on the renal system, as chronic kid-
ney disease is associated with increased risk of car-
diovascular events and death.103,104

Younger patients with comorbidities should be 
aware of potentially increased risk of cardiovascular dis-
ease and consequences of higher sodium intake, even 
in the absence of current hypertension. In an analysis 
of 12 249 children and adolescents (aged 8–17 years) 
who participated in the National Health and Nutrition 
Examination Survey 2003 to 2016, after adjusting for 
age, sex, race, weight status, and energy intake, an 
additional 1000 mg of daily usual sodium consumption 
was associated with 39% higher odds of developing el-
evated BP or hypertension (P=0.012).105 Higher sodium 
intake was also significantly associated with obesity in 
4033 children aged 6 to 11 years who participated in the 
National Health and Nutrition Examination Survey 2009 
to 2016.106 Despite a lack of evidence on risk of hyper-
tension and CVD in pediatric narcolepsy, it is never too 
early to develop healthy habits.

Statement 3b: Advise Patients That Reductions 
in Sodium Intake May Lower Their BP and 
Cardiovascular Risk

Notably for patients with narcolepsy who do not demon-
strate risk factors for cardiovascular/cardiometabolic dis-
ease, reductions in sodium intake have been associated 
with improvements in BP even in individuals who are 
normotensive or with baseline sodium intake <2.5 g/day 
(ie, approaching or below US Department of Agriculture 
recommended daily intake of <2.3 g/day). In the afore-
mentioned analysis of 213 participants who completed 
both high-  and low- salt diets, the observed BP response 
to dietary salt content was similar between individuals 
with normotension and hypertension (controlled, uncon-
trolled, and untreated).98 A dose–response meta- analysis 
of 85 clinical trials (encompassing >10 000 participants 
collectively) demonstrated a near- linear association be-
tween changes in sodium excretion and changes in BP 
across a wide variance of sodium intake.55 In an obser-
vational follow- up analysis of 2415 participants from the 
randomized TOHP (Trials of Hypertension Prevention) 
studies (13–16 years after the studies ended), partici-
pants who had been assigned to a sodium reduction 
group showed a 25% reduction in relative risk of CVD 
compared with participants in control groups who main-
tained their usual diet with no specific sodium reduc-
tion strategies.56 A meta- analysis of randomized studies 

(including the SSaSS [Salt Substitute and Stroke Study], 
the largest trial of potassium- enriched salt substitute to 
date) found that participants who used a salt substitute 
had significantly reduced risk of all- cause death (5 stud-
ies), cardiovascular death (3 studies), and major adverse 
cardiovascular events (2 studies).57 Participants who 
used a salt substitute also had a significant reduction in 
BP (19 studies).

Statement 3c: Provide Dietary Educational 
Materials (eg, AHA Guidelines, Dietary 
Approaches to Stop Hypertension Diet, World 
Health Organization Recommendations) to Aid 
in Reducing Sodium Intake

Education about total sodium consumption is impor-
tant for people with narcolepsy and should include di-
etary information as well as other sources of sodium 
intake. Health and nutrition education can be highly ef-
fective in reducing daily sodium intake.107 The Centers 
for Disease Control and Prevention and World Health 
Organization provide practical tips for reducing sodium 
that are easy to implement.108,109 For example, the 
Dietary Approaches to Stop Hypertension diet plan 
can be an effective way to control sodium intake and is 
well studied.110,111

Statement 3d: Advise Patients to Use a 
Salt Substitute (If Not Contraindicated) and 
Implement a Low- Sodium Diet

People with narcolepsy and particularly those taking 
medications high in sodium may consider offsetting 
their sodium intake through dietary modifications. The 
SSaSS found that use of a salt substitute (75% sodium 
chloride and 25% potassium chloride by mass) led to 
a reduction in the rates of stroke, major cardiovascular 
events, and death among people with hypertension.58 
Potassium- enriched salt substitutes contain potas-
sium chloride and are generally safe for healthy adults 
with normal kidney function.112 However, for individu-
als with chronic kidney disease or diabetes (which is 
linked to hyperkalemia through its association with 
hyporeninemic hypoaldosteronism) or those who are 
taking medications that may impair potassium excre-
tion such as renin–angiotensin–aldosterone system in-
hibitors (eg, angiotensin- converting enzyme inhibitors, 
angiotensin receptor blockers, and potassium- sparing 
diuretics),113 increasing potassium levels may increase 
the risk of hyperkalemia.112

DISCUSSION
This consensus panel made 3 recommendations: (1) 
recognize the risk of hypertension and cardiovascular/
cardiometabolic disease in patients with narcolepsy; 
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(2) reduce the risk of hypertension and cardiovascu-
lar/cardiometabolic disease in patients with narco-
lepsy; and (3) reduce sodium intake to lower the risk 
of hypertension and cardiovascular disease in patients 
with narcolepsy. A strength of these consensus panel 
recommendations is that full agreement was obtained 
on all final statements. However, the consensus was 
achieved on the basis of the expert opinions guided 
by the limited body of evidence. The panel recognized 
that there are several key knowledge gaps that limit 
the current breadth of understanding of any potential 
cardiovascular/cardiometabolic risks in the narcolepsy 
population, including whether people with narcolepsy 
truly have higher rates of CVD and stroke, the cardio-
vascular risks in pediatric patients with narcolepsy, 
long- term cardiovascular risks in patients who take 
stimulants for the treatment of narcolepsy symptoms 
over many years, and the role of sodium reduction in 
decreasing cardiovascular/cardiometabolic risks in pa-
tients with narcolepsy.

The development of these consensus recommen-
dations has highlighted key areas that will be critical 
to investigate in future research. Defining cardiovas-
cular/cardiometabolic risks and comorbidities directly 
attributable to narcolepsy (both in the overall narco-
lepsy population and in NT1 and NT2 subgroups, 
which differ in terms of the presence or absence of 
orexin deficiency) could help to identify the mecha-
nisms by which people with narcolepsy develop ele-
vated cardiovascular/cardiometabolic risks. Profiling 
cardiovascular/cardiometabolic risks in the pediatric 
narcolepsy population may assist with offsetting car-
diovascular/cardiometabolic risks and comorbidities 
in these patients later in life. Conducting longitudinal 
analyses may aid in understanding the time course of 
cardiovascular comorbidity development in patients 
with narcolepsy. Testing the effect of reducing sodium 
intake on cardiovascular/cardiometabolic risk in people 
with narcolepsy in clinical studies may aid in patient 
education and testing the effect of once- nightly versus 
twice- nightly oxybate dosing and resulting differences 
in sleep quality, BP dipping, pharmacokinetic param-
eters, and cardiovascular/cardiometabolic risks may 
help inform treatment recommendations.

Conducting studies on cardiovascular/cardiomet-
abolic risks and comorbidities in people with other 
hypersomnia spectrum conditions, such as idiopathic 
hypersomnia, for whom data are extremely limited, 
would also be of interest. Idiopathic hypersomnia 
shares with narcolepsy the common symptom of ex-
cessive daytime sleepiness but is a distinct disorder 
that may include symptoms such as sleep inertia, long 
and unrefreshing naps, and long sleep time (>11 hours 
in a 24- hour period).1 One small study of 57 subjects 
reported that 32% of those with idiopathic hypersom-
nia had hypertension, which was lower than that in 

94 patients with NT1 (49%) but greater than that in 
83 patients with NT2 (27%).114 A retrospective analysis 
of administrative claims data from 11 412 people with 
idiopathic hypersomnia and 57 058 controls matched 
for age, sex, geographic region, insurance type, and 
cohort entry date found that idiopathic hypersomnia 
was associated with more than double the odds of 
CVD, major adverse cardiovascular event, stroke, and 
hypertension diagnosis or use of antihypertensives.115 
A full report of this finding has not yet been published.

These consensus recommendations will help in-
crease awareness of potential cardiovascular/car-
diometabolic risks in patients with narcolepsy among 
both sleep specialists and non–sleep specialists. Early 
monitoring for, and prevention of, cardiovascular risks 
in this population is critical, especially as narcolepsy 
usually develops in adolescents and young adults who 
will be exposed to adverse effects of the disease and 
potential adverse effects of its treatment for decades.

ARTICLE INFORMATION
Received February 23, 2024; accepted June 18, 2024.

Affiliations
University of Washington, Seattle, WA (Y.K.); Midwest Cardiovascular 
Institute, Elmhurst, IL (A.S.G.); Bethesda North Hospital, Cincinnati, OH (S.J.); 
Cardiovascular Diseases Fellowship Training Program, Jefferson Einstein 
Hospital, Philadelphia, PA (G.S.P.); Beth Israel Deaconess Medical Center, 
Boston, MA (T.E.S.); Empire Sleep Medicine and VirtuOx, Inc., New York, 
NY (L.A.S.); and Center for Circadian and Sleep Medicine, Northwestern 
University, Chicago, IL (P.C.Z.).

Acknowledgments
The authors thank Stephen D. Lande, PhD, of Interactive Forums, Inc., and 
Robin L. Stromberg, PhD, consultant to Interactive Forums, Inc., for their 
contributions to the consensus panel process. Under the direction of the 
authors, Emily C. Bruggeman, PhD, and Emilie Croisier, PhD (employees of 
Peloton Advantage, LLC, an OPEN Health company), provided medical writ-
ing and editorial support.

Sources of Funding
The study was sponsored by Jazz Pharmaceuticals. Jazz Pharmaceuticals 
provided funding to Peloton Advantage for medical writing and editorial sup-
port. Jazz Pharmaceuticals did not conduct a review of the manuscript.

Disclosures
Dr Kwon has consulted for Jazz Pharmaceuticals and Caretaker 
Medical and has received funding from the National Institutes of Health, 
Department of Defense, and ResMed Foundation. Dr Gami has consulted 
for Jazz Pharmaceuticals. Dr Javaheri has received payment from Jazz 
Pharmaceuticals for presentation and for participation in the consensus 
panel that developed these recommendations, is on the speakers bureau 
of Avadel and Idorsia Pharmaceuticals, has received payment from Eli Lilly 
and Company for consultation, and is a consultant to Zoll- Respicardia. Dr 
Pressman has participated in the Cardiometabolic Health Congress, a di-
vision of Tarsus Medical. Dr Scammell has consulted for Avadel, Axsome, 
Consynance, Eisai, Harmony Biosciences, Idorsia, Jazz Pharmaceuticals, 
Merck, Paladin Labs, Orion Pharma, Takeda, Tris Pharmaceuticals, Vertex 
Pharmaceuticals, and Woolsey Pharmaceuticals; and has received re-
search grants from the National Institutes of Health, Avadel, Merck, Harmony 
Biosciences, Jazz, and Takeda. Dr Surkin has participated in advisory 
boards for Jazz Pharmaceuticals, Takeda Pharmaceuticals, and Alkermes 
Inc. Dr Zee serves on scientific advisory boards for Jazz, Eisai, and Harmony 
Biosciences; serves as a consultant for CVS Caremark; and owns stock in 
Teva.



J Am Heart Assoc. 2024;13:e035168. DOI: 10.1161/JAHA.124.035168 13

Kwon et al Cardiovascular Risk in Narcolepsy

REFERENCES
 1. American Academy of Sleep Medicine. International Classification of 

Sleep Disorders—Third Edition, Text Revision. American Academy of 
Sleep Medicine; 2023.

 2. Kornum BR, Knudsen S, Ollila HM, Pizza F, Jennum PJ, Dauvilliers 
Y, Overeem S. Narcolepsy. Nat Rev Dis Primers. 2017;3:16100. doi: 
10.1038/nrdp.2016.100

 3. Black J, Reaven NL, Funk SE, McGaughey K, Ohayon MM, 
Guilleminault C, Ruoff C. Medical comorbidity in narcolepsy: findings 
from the Burden of Narcolepsy Disease (BOND) study. Sleep Med. 
2017;33:13–18. doi: 10.1016/j.sleep.2016.04.004

 4. Mohammadi S, Moosaie F, Saghazadeh A, Mahmoudi M, Rezaei 
N. Metabolic profile in patients with narcolepsy: a systematic review 
and meta- analysis. Sleep Med. 2021;81:268–284. doi: 10.1016/j.
sleep.2021.02.040

 5. Ben- Joseph RH, Saad R, Black J, Dabrowski EC, Taylor B, Gallucci S, 
Somers VK. Cardiovascular burden of narcolepsy disease (CV- BOND): 
a real- world evidence study. Sleep. 2023;46:zsad161. doi: 10.1093/
sleep/zsad161

 6. Covassin N, Bukartyk J, Singh P, Calvin AD, St Louis EK, Somers 
VK. Effects of experimental sleep restriction on ambulatory and 
sleep blood pressure in healthy young adults: a randomized 
crossover study. Hypertension. 2021;78:859–870. doi: 10.1161/
HYPERTENSIONAHA.121.17622

 7. Covassin N, Singh P, McCrady- Spitzer SK, St Louis EK, Calvin AD, 
Levine JA, Somers VK. Effects of experimental sleep restriction on 
energy intake, energy expenditure, and visceral obesity. J Am Coll 
Cardiol. 2022;79:1254–1265. doi: 10.1016/j.jacc.2022.01.038

 8. Ritalin [Package Insert]. East Hanover, NJ: Novartis Pharmaceuticals 
Corporation; 2019.

 9. Adderall [package insert]. Horsham, PA: Teva Pharmaceuticals; 
2017.

 10. Franceschini C, Pizza F, Antelmi E, Folli MC, Plazzi G. Narcolepsy treat-
ment: pharmacological and behavioral strategies in adults and children. 
Sleep Breath. 2020;24:615–627. doi: 10.1007/s11325- 019- 01894- 4

 11. Abad VC, Guilleminault C. New developments in the management of 
narcolepsy. Nat Sci Sleep. 2017;9:39–57. doi: 10.2147/NSS.S103467

 12. Yekehtaz H, Farokhnia M, Akhondzadeh S. Cardiovascular consider-
ations in antidepressant therapy: an evidence- based review. J Tehran 
Heart Cent. 2013;8:169–176.

 13. Celexa [package insert]. Forest Pharmaceuticals; 2013.
 14. Zoloft [Package Insert]. Pfizer Inc.; 2017.
 15. Venlafaxine Hydrochloride ER [package insert]. Northstar Rx LLC; 2022.
 16. Szarfman A, Kuchenberg T, Soreth J, Lajmanovich S. Declaring the 

sodium content of drug products. N Engl J Med. 1995;333:1291. doi: 
10.1056/NEJM199511093331917

 17. US Food and Drug Administration. Clinical Review for Binosto, NDA 
202344. 2012. Accessed February 28, 2023. https:// www. acces sdata. 
fda. gov/ drugs atfda_ docs/ nda/ 2012/ 20234 4Orig 1s000 MedR. pdf.

 18. US Food and Drug Administration. Quantitative labeling of sodium, 
potassium, and phosphorus for human over- the- counter and pre-
scription drug products. Guidance for Iindustry. 2022. Accessed 
October 11, 2022. https:// www. fda. gov/ regul atory -  infor mation/ searc 
h-  fda-  guida nce-  docum ents/ quant itati ve-  label ing-  sodiu m-  potas sium-  
and-  phosp horus -  human -  over-  count er-  and-  presc ripti on-  drug.

 19. Wang YJ, Yeh TL, Shih MC, Tu YK, Chien KL. Dietary sodium intake 
and risk of cardiovascular disease: a systematic review and dose- 
response meta- analysis. Nutrients. 2020;12:2934. doi: 10.3390/
nu12102934

 20. Ma Y, He FJ, Sun Q, Yuan C, Kieneker LM, Curhan GC, MacGregor 
GA, Bakker SJL, Campbell NRC, Wang M, et al. 24- hour urinary so-
dium and potassium excretion and cardiovascular risk. N Engl J Med. 
2022;386:252–263. doi: 10.1056/NEJMoa2109794

 21. Thorpy MJ, Krieger AC. Delayed diagnosis of narcolepsy: charac-
terization and impact. Sleep Med. 2014;15:502–507. doi: 10.1016/j.
sleep.2014.01.015

 22. Poli F, Pizza F, Mignot E, Ferri R, Pagotto U, Taheri S, Finotti E, 
Bernardi F, Pirazzoli P, Cicognani A, et al. High prevalence of preco-
cious puberty and obesity in childhood narcolepsy with cataplexy. 
Sleep. 2013;36:175–181. doi: 10.5665/sleep.2366

 23. Imperatore R, Palomba L, Cristino L. Role of orexin- a in hyperten-
sion and obesity. Curr Hypertens Rep. 2017;19:34. doi: 10.1007/
s11906- 017- 0729- y

 24. Li TL, Chen JYS, Huang SC, Dai YE, Hwang LL. Cardiovascular 
pressor effects of orexins in the dorsomedial hypothalamus. Eur J 
Pharmacol. 2018;818:343–350. doi: 10.1016/j.ejphar.2017.11.004

 25. Dauvilliers Y, Mignot E, Del Río VR, Du Y, Hanson E, Inoue Y, Kadali 
H, Koundourakis E, Meyer S, Rogers R, et al. Oral orexin receptor 2 
agonist in narcolepsy type 1. N Engl J Med. 2023;389:309–321. doi: 
10.1056/NEJMoa2301940

 26. Rosenberg R, Braceras R, Macfadden W, Candler S, Black J, Ruoff C. 
Implications of oxybate dosing regimen for sleep, sleep architecture, and 
disrupted nighttime sleep in patients with narcolepsy: a commentary. 
Neurol Ther. 2023;12:1805–1820. doi: 10.1007/s40120- 023- 00543- z

 27. Jennum PJ, Plazzi G, Silvani A, Surkin LA, Dauvilliers Y. Cardiovascular 
disorders in narcolepsy: review of associations and determinants. 
Sleep Med Rev. 2021;58:101440. doi: 10.1016/j.smrv.2021.101440

 28. Javaheri S, Gay PC. To die, to sleep—to sleep, perchance to dream … 
without hypertension: dreams of the visionary Christian Guilleminault 
revisited. J Clin Sleep Med. 2019;15:1189–1190. doi: 10.5664/jcsm.7952

 29. Ohkubo T, Hozawa A, Yamaguchi J, Kikuya M, Ohmori K, Michimata 
M, Matsubara M, Hashimoto J, Hoshi H, Araki T, et  al. Prognostic 
significance of the nocturnal decline in blood pressure in individuals 
with and without high 24- h blood pressure: the Ohasama study. J 
Hypertens. 2002;20:2183–2189. doi: 10.1097/00004872- 200211000- 
00017

 30. Loredo JS, Nelesen R, Ancoli- Israel S, Dimsdale JE. Sleep quality and 
blood pressure dipping in normal adults. Sleep. 2004;27:1097–1103. 
doi: 10.1093/sleep/27.6.1097

 31. Huang M, Bliwise DL, Shah A, Johnson DA, Clifford GD, Hall MH, 
Krafty RT, Goldberg J, Sloan R, Ko YA, et al. The temporal relation-
ships between sleep disturbance and autonomic dysregulation: a 
co- twin control study. Int J Cardiol. 2022;362:176–182. doi: 10.1016/j.
ijcard.2022.05.028

 32. O’Driscoll DM, Kostikas K, Simonds AK, Morrell MJ. Occlusion of 
the upper airway does not augment the cardiovascular response to 
arousal from sleep in humans. J Appl Physiol (1985). 2005;98:1349–
1355. doi: 10.1152/japplphysiol.00706.2004

 33. Davies RJ, Belt PJ, Roberts SJ, Ali NJ, Stradling JR. Arterial blood 
pressure responses to graded transient arousal from sleep in nor-
mal humans. J Appl Physiol (1985). 1993;74:1123–1130. doi: 10.1152/
jappl.1993.74.3.1123

 34. Carreras A, Zhang SX, Peris E, Qiao Z, Gileles- Hillel A, Li RC, Wang Y, 
Gozal D. Chronic sleep fragmentation induces endothelial dysfunction 
and structural vascular changes in mice. Sleep. 2014;37:1817–1824. 
doi: 10.5665/sleep.4178

 35. McAlpine CS, Kiss MG, Rattik S, He S, Vassalli A, Valet C, Anzai A, 
Chan CT, Mindur JE, Kahles F, et al. Sleep modulates haematopoiesis 
and protects against atherosclerosis. Nature. 2019;566:383–387. doi: 
10.1038/s41586- 019- 0948- 2

 36. Bassetti CLA, Adamantidis A, Burdakov D, Han F, Gay S, Kallweit U, 
Khatami R, Koning F, Kornum BR, Lammers GJ, et al. Narcolepsy -  
clinical spectrum, aetiopathophysiology, diagnosis and treatment. Nat 
Rev Neurol. 2019;15:519–539. doi: 10.1038/s41582- 019- 0226- 9

 37. Sakurai T, Amemiya A, Ishii M, Matsuzaki I, Chemelli RM, Tanaka H, 
Williams SC, Richardson JA, Kozlowski GP, Wilson S, et al. Orexins 
and orexin receptors: a family of hypothalamic neuropeptides and 
G protein- coupled receptors that regulate feeding behavior. Cell. 
1998;92:573–585. doi: 10.1016/S0092- 8674(00)80949- 6

 38. Rodgers RJ, Halford JC, Nunes de Souza RL, Canto de Souza AL, Piper 
DC, Arch JR, Upton N, Porter RA, Johns A, Blundell JE. SB- 334867, 
a selective orexin- 1 receptor antagonist, enhances behavioural satiety 
and blocks the hyperphagic effect of orexin- a in rats. Eur J Neurosci. 
2001;13:1444–1452. doi: 10.1046/j.0953- 816x.2001.01518.x

 39. Tadrous R, O’Rourke D, Murphy N, Quinn G, Quinn C, Slattery L, 
Broderick J. Exploring exercise, physical wellbeing and the role of 
physiotherapy: perspectives from people with narcolepsy. J Sleep 
Res. 2024;33:e14007. doi: 10.1111/jsr.14007

 40. Kruger AK, Reither EN, Peppard PE, Krueger PM, Hale L. Do sleep- 
deprived adolescents make less- healthy food choices? Br J Nutr. 
2014;111:1898–1904. doi: 10.1017/S0007114514000130

 41. Greer SM, Goldstein AN, Walker MP. The impact of sleep deprivation 
on food desire in the human brain. Nat Commun. 2013;4:2259. doi: 
10.1038/ncomms3259

 42. Yeghiazarians Y, Jneid H, Tietjens JR, Redline S, Brown DL, El- Sherif 
N, Mehra R, Bozkurt B, Ndumele CE, Somers VK. Obstructive sleep 
apnea and cardiovascular disease: a scientific statement from the 

https://doi.org//10.1038/nrdp.2016.100
https://doi.org//10.1016/j.sleep.2016.04.004
https://doi.org//10.1016/j.sleep.2021.02.040
https://doi.org//10.1016/j.sleep.2021.02.040
https://doi.org//10.1093/sleep/zsad161
https://doi.org//10.1093/sleep/zsad161
https://doi.org//10.1161/HYPERTENSIONAHA.121.17622
https://doi.org//10.1161/HYPERTENSIONAHA.121.17622
https://doi.org//10.1016/j.jacc.2022.01.038
https://doi.org//10.1007/s11325-019-01894-4
https://doi.org//10.2147/NSS.S103467
https://doi.org//10.1056/NEJM199511093331917
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2012/202344Orig1s000MedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2012/202344Orig1s000MedR.pdf
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/quantitative-labeling-sodium-potassium-and-phosphorus-human-over-counter-and-prescription-drug
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/quantitative-labeling-sodium-potassium-and-phosphorus-human-over-counter-and-prescription-drug
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/quantitative-labeling-sodium-potassium-and-phosphorus-human-over-counter-and-prescription-drug
https://doi.org//10.3390/nu12102934
https://doi.org//10.3390/nu12102934
https://doi.org//10.1056/NEJMoa2109794
https://doi.org//10.1016/j.sleep.2014.01.015
https://doi.org//10.1016/j.sleep.2014.01.015
https://doi.org//10.5665/sleep.2366
https://doi.org//10.1007/s11906-017-0729-y
https://doi.org//10.1007/s11906-017-0729-y
https://doi.org//10.1016/j.ejphar.2017.11.004
https://doi.org//10.1056/NEJMoa2301940
https://doi.org//10.1007/s40120-023-00543-z
https://doi.org//10.1016/j.smrv.2021.101440
https://doi.org//10.5664/jcsm.7952
https://doi.org//10.1097/00004872-200211000-00017
https://doi.org//10.1097/00004872-200211000-00017
https://doi.org//10.1093/sleep/27.6.1097
https://doi.org//10.1016/j.ijcard.2022.05.028
https://doi.org//10.1016/j.ijcard.2022.05.028
https://doi.org//10.1152/japplphysiol.00706.2004
https://doi.org//10.1152/jappl.1993.74.3.1123
https://doi.org//10.1152/jappl.1993.74.3.1123
https://doi.org//10.5665/sleep.4178
https://doi.org//10.1038/s41586-019-0948-2
https://doi.org//10.1038/s41582-019-0226-9
https://doi.org//10.1016/S0092-8674(00)80949-6
https://doi.org//10.1046/j.0953-816x.2001.01518.x
https://doi.org//10.1111/jsr.14007
https://doi.org//10.1017/S0007114514000130
https://doi.org//10.1038/ncomms3259


J Am Heart Assoc. 2024;13:e035168. DOI: 10.1161/JAHA.124.035168 14

Kwon et al Cardiovascular Risk in Narcolepsy

American Heart Association. Circulation. 2021;144:e56–e67. doi: 
10.1161/CIR.0000000000000988

 43. Gottlieb DJ, Somers VK, Punjabi NM, Winkelman JW. Restless legs 
syndrome and cardiovascular disease: a research roadmap. Sleep 
Med. 2017;31:10–17. doi: 10.1016/j.sleep.2016.08.008

 44. Ohayon MM. Narcolepsy is complicated by high medical and psychi-
atric comorbidities: a comparison with the general population. Sleep 
Med. 2013;14:488–492. doi: 10.1016/j.sleep.2013.03.002

 45. Alasim H, AlQazlan S, Albanyan S, Alsalhi A, Buraik A, Olaish AH, 
Almeneessier AS, Alosaimi FD, AlHadi A, BaHammam AS. Comorbid 
psychiatric disorders among patients with narcolepsy. Sleep Breath. 
2020;24:629–636. doi: 10.1007/s11325- 019- 01890- 8

 46. Ruoff CM, Reaven NL, Funk SE, McGaughey KJ, Ohayon MM, 
Guilleminault C, Black J. High rates of psychiatric comorbidity in nar-
colepsy: findings from the burden of narcolepsy disease (BOND) study 
of 9,312 patients in the United States. J Clin Psychiatry. 2017;78:171–
176. doi: 10.4088/JCP.15m10262

 47. Krittanawong C, Maitra NS, Qadeer YK, Wang Z, Fogg S, Storch EA, 
Celano CM, Huffman JC, Jha M, Charney DS, et al. Association of de-
pression and cardiovascular disease. Am J Med. 2023;136:881–895. 
doi: 10.1016/j.amjmed.2023.04.036

 48. Cohen BE, Edmondson D, Kronish IM. State of the art review: depres-
sion, stress, anxiety, and cardiovascular disease. Am J Hypertens. 
2015;28:1295–1302. doi: 10.1093/ajh/hpv047

 49. Kwapong YA, Boakye E, Khan SS, Honigberg MC, Martin SS, 
Oyeka CP, Hays AG, Natarajan P, Mamas MA, Blumenthal RS, et al. 
Association of depression and poor mental health with cardiovascular 
disease and suboptimal cardiovascular health among young adults in 
the United States. J Am Heart Assoc. 2023;12:e028332. doi: 10.1161/
JAHA.122.028332

 50. Halperin JL, Levine GN, Al- Khatib SM, Birtcher KK, Bozkurt B, Brindis 
RG, Cigarroa JE, Curtis LH, Fleisher LA, Gentile F, et al. Further evolution 
of the ACC/AHA clinical practice guideline recommendation classifica-
tion system: a report of the American College of Cardiology/American 
Heart Association task force on clinical practice guidelines. Circulation. 
2016;133:1426–1428. doi: 10.1161/CIR.0000000000000312

 51. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, 
Franklin BA, Gordon DJ, Krauss RM, Savage PJ, Smith SC Jr, et al. 
Diagnosis and management of the metabolic syndrome: an American 
Heart Association/National Heart, Lung, and Blood Institute sci-
entific statement. Circulation. 2005;112:2735–2752. doi: 10.1161/
CIRCULATIONAHA.105.169404

 52. US Preventive Services Task Force. Screening adults for lipid disor-
ders: recommendations and rationale. Am J Prev Med. 2001;20(3 
Suppl):73–76. doi: 10.1016/S0749- 3797(01)00266- 5

 53. US Preventive Services Task Force. Screening for prediabetes and 
type 2 diabetes: US preventive services task force recommendation 
statement. JAMA. 2021;326:736–743. doi: 10.1001/jama.2021.12531

 54. Lloyd- Jones DM, Allen NB, Anderson CAM, Black T, Brewer LC, 
Foraker RE, Grandner MA, Lavretsky H, Perak AM, Sharma G, 
et al. Life’s essential 8: updating and enhancing the American Heart 
Association’s construct of cardiovascular health: a presidential advi-
sory from the American Heart Association. Circulation. 2022;146:e18–
e43. doi: 10.1161/CIR.0000000000001078

 55. Filippini T, Malavolti M, Whelton PK, Naska A, Orsini N, Vinceti M. 
Blood pressure effects of sodium reduction: dose- response meta- 
analysis of experimental studies. Circulation. 2021;143:1542–1567. doi: 
10.1161/CIRCULATIONAHA.120.050371

 56. Cook NR, Cutler JA, Obarzanek E, Buring JE, Rexrode KM, Kumanyika 
SK, Appel LJ, Whelton PK. Long term effects of dietary sodium reduc-
tion on cardiovascular disease outcomes: observational follow- up of 
the trials of hypertension prevention (TOHP). BMJ. 2007;334:885–888. 
doi: 10.1136/bmj.39147.604896.55

 57. Yin X, Rodgers A, Perkovic A, Huang L, Li KC, Yu J, Wu Y, Wu 
JHY, Marklund M, Huffman MD, et  al. Effects of salt substitutes on 
clinical outcomes: a systematic review and meta- analysis. Heart. 
2022;108:1608–1615. doi: 10.1136/heartjnl- 2022- 321332

 58. Neal B, Wu Y, Feng X, Zhang R, Zhang Y, Shi J, Zhang J, Tian M, 
Huang L, Li Z, et  al. Effect of salt substitution on cardiovascular 
events and death. N Engl J Med. 2021;385:1067–1077. doi: 10.1056/
NEJMoa2105675

 59. Barateau L, Dauvilliers Y. Cardiovascular burden of narcolepsy: 
what have we learned and what do we still need to know? Sleep. 
2023;46:zsad213. doi: 10.1093/sleep/zsad213

 60. Tao Y, Luo J, Xu Y, Wang H, Tian J, Yang S, Yu K, Peng S, Zhang 
X. Narcolepsy and cardiovascular disease: a two- sample Mendelian 
randomization study. Sleep Med. 2024;113:6–12. doi: 10.1016/j.
sleep.2023.10.029

 61. Donadio V, Liguori R, Vandi S, Pizza F, Dauvilliers Y, Leta V, 
Giannoccaro MP, Baruzzi A, Plazzi G. Lower wake resting sympathetic 
and cardiovascular activities in narcolepsy with cataplexy. Neurology. 
2014;83:1080–1086. doi: 10.1212/WNL.0000000000000793

 62. Dauvilliers Y, Jaussent I, Krams B, Scholz S, Lado S, Levy P, Pepin JL. 
Non- dipping blood pressure profile in narcolepsy with cataplexy. PLoS 
One. 2012;7:e38977. doi: 10.1371/journal.pone.0038977

 63. Bozkurt B, Aguilar D, Deswal A, Dunbar SB, Francis GS, Horwich 
T, Jessup M, Kosiborod M, Pritchett AM, Ramasubbu K, et  al. 
Contributory risk and management of comorbidities of hypertension, 
obesity, diabetes mellitus, hyperlipidemia, and metabolic syndrome 
in chronic heart failure: a scientific statement from the American 
Heart Association. Circulation. 2016;134:e535–e578. doi: 10.1161/
CIR.0000000000000450

 64. Gami AS, Witt BJ, Howard DE, Erwin PJ, Gami LA, Somers VK, 
Montori VM. Metabolic syndrome and risk of incident cardiovascular 
events and death: a systematic review and meta- analysis of longi-
tudinal studies. J Am Coll Cardiol. 2007;49:403–414. doi: 10.1016/j.
jacc.2006.09.032

 65. Life’s Essential 8. 2022. Accessed January 16, 2023. https:// www. 
heart. org/ en/ healt hy-  living/ healt hy-  lifes tyle/ lifes -  essen tial-  8.

 66. Haack M, Serrador J, Cohen D, Simpson N, Meier- Ewert H, Mullington 
JM. Increasing sleep duration to lower beat- to- beat blood pressure: a 
pilot study. J Sleep Res. 2013;22:295–304. doi: 10.1111/jsr.12011

 67. Tasali E, Wroblewski K, Kahn E, Kilkus J, Schoeller DA. Effect of sleep 
extension on objectively assessed energy intake among adults with 
overweight in real- life settings: a randomized clinical trial. JAMA Intern 
Med. 2022;182:365–374. doi: 10.1001/jamainternmed.2021.8098

 68. Matoulek M, Tuka V, Fialova M, Nevsimalova S, Sonka K. 
Cardiovascular fitness in narcolepsy is inversely related to sleepiness 
and the number of cataplexy episodes. Sleep Med. 2017;34:7–12. doi: 
10.1016/j.sleep.2017.02.017

 69. Provigil [package insert]. Teva Pharmaceuticals; 2018.
 70. Xyrem® (Sodium Oxybate) Oral Solution, CIII [Prescribing Information]. 

Jazz Pharmaceuticals, Inc.; 2023.
 71. Xywav® (Calcium, Magnesium, Potassium, and Sodium Oxybates) 

Oral Solution, CIII [prescribing information]. Jazz Pharmaceuticals, 
Inc.; 2023.

 72. Lumryz™ (Sodium Oxybate) for Extended- Release Oral Solution, CIII 
[Prescribing Information]. Avadel CNS Pharmaceuticals; 2023.

 73. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck 
M, Benetos A, Biffi A, Boavida JM, Capodanno D, et  al. 2021 ESC 
guidelines on cardiovascular disease prevention in clinical practice. 
Eur Heart J. 2021;42:3227–3337. doi: 10.1093/eurheartj/ehab484

 74. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, 
Hahn EJ, Himmelfarb CD, Khera A, Lloyd- Jones D, McEvoy JW, et al. 
2019 ACC/AHA guideline on the primary prevention of cardiovascu-
lar disease: a report of the American College of Cardiology/American 
Heart Association task force on clinical practice guidelines. Circulation. 
2019;140:e596–e646. doi: 10.1161/CIR.0000000000000678

 75. Gottlieb DJ, Punjabi NM. Diagnosis and management of obstructive 
sleep apnea: a review. JAMA. 2020;323:1389–1400. doi: 10.1001/
jama.2020.3514

 76. Zorn SZ. The safety of stimulant medication use in cardiovascular 
and arrhythmia patients. 2015. Accessed May 24, 2023. https:// www. 
acc. org/ lates t-  in-  cardi ology/  artic les/ 2015/ 04/ 28/ 10/ 06/ the-  safet y-  
of-  stimu lant-  medic ation -  use-  in-  cardi ovasc ular-  and-  arrhy thmia -  patie 
nts#: ~: text= The% 20obs erved% 20eff ects% 20of% 20sti mulan ts,patie 
nts% 20who% 20ini tiated% 20met hylph enida te% 20the rapy.

 77. Zhang L, Li L, Andell P, Garcia- Argibay M, Quinn PD, D’Onofrio BM, 
Brikell I, Kuja- Halkola R, Lichtenstein P, Johnell K, et  al. Attention- 
deficit/hyperactivity disorder medications and long- term risk of cardio-
vascular diseases. JAMA Psychiatry. 2024;81:178–187. doi: 10.1001/
jamapsychiatry.2023.4294

 78. Liu H, Feng W, Zhang D. Association of ADHD medications with the 
risk of cardiovascular diseases: a meta- analysis. Eur Child Adolesc 
Psychiatry. 2019;28:1283–1293. doi: 10.1007/s00787- 018- 1217- x

 79. Wakix [Package Insert]. Harmony Biosciences; 2022.
 80. Maski K, Trotti LM, Kotagal S, Auger RR, Rowley JA, Hashmi SD, 

Watson NF. Treatment of central disorders of hypersomnolence: an 

https://doi.org//10.1161/CIR.0000000000000988
https://doi.org//10.1016/j.sleep.2016.08.008
https://doi.org//10.1016/j.sleep.2013.03.002
https://doi.org//10.1007/s11325-019-01890-8
https://doi.org//10.4088/JCP.15m10262
https://doi.org//10.1016/j.amjmed.2023.04.036
https://doi.org//10.1093/ajh/hpv047
https://doi.org//10.1161/JAHA.122.028332
https://doi.org//10.1161/JAHA.122.028332
https://doi.org//10.1161/CIR.0000000000000312
https://doi.org//10.1161/CIRCULATIONAHA.105.169404
https://doi.org//10.1161/CIRCULATIONAHA.105.169404
https://doi.org//10.1016/S0749-3797(01)00266-5
https://doi.org//10.1001/jama.2021.12531
https://doi.org//10.1161/CIR.0000000000001078
https://doi.org//10.1161/CIRCULATIONAHA.120.050371
https://doi.org//10.1136/bmj.39147.604896.55
https://doi.org//10.1136/heartjnl-2022-321332
https://doi.org//10.1056/NEJMoa2105675
https://doi.org//10.1056/NEJMoa2105675
https://doi.org//10.1093/sleep/zsad213
https://doi.org//10.1016/j.sleep.2023.10.029
https://doi.org//10.1016/j.sleep.2023.10.029
https://doi.org//10.1212/WNL.0000000000000793
https://doi.org//10.1371/journal.pone.0038977
https://doi.org//10.1161/CIR.0000000000000450
https://doi.org//10.1161/CIR.0000000000000450
https://doi.org//10.1016/j.jacc.2006.09.032
https://doi.org//10.1016/j.jacc.2006.09.032
https://www.heart.org/en/healthy-living/healthy-lifestyle/lifes-essential-8
https://www.heart.org/en/healthy-living/healthy-lifestyle/lifes-essential-8
https://doi.org//10.1111/jsr.12011
https://doi.org//10.1001/jamainternmed.2021.8098
https://doi.org//10.1016/j.sleep.2017.02.017
https://doi.org//10.1093/eurheartj/ehab484
https://doi.org//10.1161/CIR.0000000000000678
https://doi.org//10.1001/jama.2020.3514
https://doi.org//10.1001/jama.2020.3514
https://www.acc.org/latest-in-cardiology/articles/2015/04/28/10/06/the-safety-of-stimulant-medication-use-in-cardiovascular-and-arrhythmia-patients#:~:text=The observed effects of stimulants,patients who initiated methylphenidate therapy
https://www.acc.org/latest-in-cardiology/articles/2015/04/28/10/06/the-safety-of-stimulant-medication-use-in-cardiovascular-and-arrhythmia-patients#:~:text=The observed effects of stimulants,patients who initiated methylphenidate therapy
https://www.acc.org/latest-in-cardiology/articles/2015/04/28/10/06/the-safety-of-stimulant-medication-use-in-cardiovascular-and-arrhythmia-patients#:~:text=The observed effects of stimulants,patients who initiated methylphenidate therapy
https://www.acc.org/latest-in-cardiology/articles/2015/04/28/10/06/the-safety-of-stimulant-medication-use-in-cardiovascular-and-arrhythmia-patients#:~:text=The observed effects of stimulants,patients who initiated methylphenidate therapy
https://www.acc.org/latest-in-cardiology/articles/2015/04/28/10/06/the-safety-of-stimulant-medication-use-in-cardiovascular-and-arrhythmia-patients#:~:text=The observed effects of stimulants,patients who initiated methylphenidate therapy
https://doi.org//10.1001/jamapsychiatry.2023.4294
https://doi.org//10.1001/jamapsychiatry.2023.4294
https://doi.org//10.1007/s00787-018-1217-x


J Am Heart Assoc. 2024;13:e035168. DOI: 10.1161/JAHA.124.035168 15

Kwon et al Cardiovascular Risk in Narcolepsy

American Academy of sleep medicine clinical practice guideline. J Clin 
Sleep Med. 2021;17:1881–1893. doi: 10.5664/jcsm.9328

 81. Winter W, Wanaski S, Patroneva A, Dayno J. Cardiac safety profile of 
pitolisant in patients with narcolepsy [abstract]. Neurology. 2021;96(15 
suppl):1472. doi: 10.1212/WNL.96.15_supplement.1472

 82. Taneja I, Diedrich A, Black BK, Byrne DW, Paranjape SY, Robertson 
D. Modafinil elicits sympathomedullary activation. Hypertension. 
2005;45:612–618. doi: 10.1161/01.HYP.0000158267.66763.63

 83. Roth T, Schwartz JR, Hirshkowitz M, Erman MK, Dayno JM, Arora S. 
Evaluation of the safety of modafinil for treatment of excessive sleepi-
ness. J Clin Sleep Med. 2007;3:595–602. doi: 10.5664/jcsm.26970

 84. US Department of Agriculture, US Department of Health and Human 
Services. Dietary guidelines for Americans, 2020- 2025. 2020. https:// 
www. dieta rygui delin es. gov/ resou rces/ 2020-  2025-  dieta ry-  guide lines 
-  onlin e-  mater ials. Accessed June 2, 2022.

 85. Lloyd- Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van 
Horn L, Greenlund K, Daniels S, Nichol G, Tomaselli GF, et al. Defining 
and setting national goals for cardiovascular health promotion and 
disease reduction: the American Heart Association’s strategic impact 
goal through 2020 and beyond. Circulation. 2010;121:586–613. doi: 
10.1161/CIRCULATIONAHA.109.192703

 86. Massive efforts needed to reduce salt intake and protect lives [press 
release]. 2023. Accessed May 24, 2023. https:// www. who. int/ news/ 
item/ 09-  03-  2023-  massi ve-  effor ts-  neede d-  to-  reduc e-  salt-  intak e-  and-  
prote ct-  lives#: ~: text= These% 20inc lude% 3A,schoo ls% 2C% 20wor 
kplac es% 20and% 20nur sing% 20homes.

 87. Avidan AY, Kushida CA. The sodium in sodium oxybate: is there 
cause for concern? Sleep Med. 2020;75:497–501. doi: 10.1016/j.
sleep.2020.09.017

 88. Ben- Joseph RH, Somers VK, Black J, D’Agostino RB, Davis M, 
Macfadden W, Mues KE, Jackson C, Ni W, Cook MN, et al. Increased 
risk of new- onset hypertension in patients with narcolepsy initiating 
sodium oxybate: a real- world study. Mayo Clin Proc. 2024. In press.

 89. Macfadden W, Candler S, Fuller DS, Measey TJ, White WB. Blood 
pressure changes after treatment with low- sodium oxybate in 
oxybate- naive patients with narcolepsy or idiopathic hypersomnia: a 
post hoc analysis [poster 100]. Presented at: World Sleep Congress; 
October 20-25, 2023; Rio de Janeiro, Brazil.

 90. Bae CJ, Zee PC, Leary EB, Fuller DS, Macfadden W, Candler S, 
Steininger TL, Husain AM. Effectiveness and tolerability in peo-
ple with narcolepsy transitioning from high- sodium oxybate to low- 
sodium oxybate: data from the real- world TENOR study. Sleep Med. 
2023;109:65–74. doi: 10.1016/j.sleep.2023.05.023

 91. Schinkelshoek MS, Smolders IM, Donjacour CE, van der Meijden WP, 
van Zwet EW, Fronczek R, Lammers GJ. Decreased body mass index 
during treatment with sodium oxybate in narcolepsy type 1. J Sleep 
Res. 2019;28:e12684. doi: 10.1111/jsr.12684

 92. Husain AM, Ristanovic RK, Bogan RK. Weight loss in narcolepsy pa-
tients treated with sodium oxybate. Sleep Med. 2009;10:661–663. doi: 
10.1016/j.sleep.2008.05.012

 93. Filardi M, Pizza F, Antelmi E, Ferri R, Natale V, Plazzi G. In- field as-
sessment of sodium oxybate effect in pediatric type 1 narcolepsy: an 
actigraphic study. Sleep. 2018;41:zxy050. doi: 10.1093/sleep/zsy050

 94. Ponziani V, Pizza F, Zenesini C, Vignatelli L, Pession A, Plazzi G. BMI 
changes in pediatric type 1 narcolepsy under sodium oxybate treat-
ment. Sleep. 2021;44:1–7. doi: 10.1093/sleep/zsaa295

 95. Foldvary- Schaefer N, Skowronski R, Hickey L, Chen A, Measey TJ, 
Dauvilliers Y. Weight changes during treatment with lower- sodium oxy-
bate in a phase 3 clinical study in patients with narcolepsy [poster 136]. 
Presented at: Annual Meeting of the Associated Professional Sleep 
Societies; June 4–8, 2022. Charlotte, NC, 45, A176. doi: 10.1093/
sleep/zsac079.390.

 96. Wing RR, Lang W, Wadden TA, Safford M, Knowler WC, Bertoni AG, 
Hill JO, Brancati FL, Peters A, Wagenknecht L. Benefits of modest 
weight loss in improving cardiovascular risk factors in overweight and 
obese individuals with type 2 diabetes. Diabetes Care. 2011;34:1481–
1486. doi: 10.2337/dc10- 2415

 97. Elijovich F, Weinberger MH, Anderson CA, Appel LJ, Bursztyn M, 
Cook NR, Dart RA, Newton- Cheh CH, Sacks FM, Laffer CL. Salt sen-
sitivity of blood pressure: a scientific statement from the American 
Heart Association. Hypertension. 2016;68:e7–e46. doi: 10.1161/
HYP.0000000000000047

 98. Gupta DK, Lewis CE, Varady KA, Su YR, Madhur MS, Lackland DT, 
Reis JP, Wang TJ, Lloyd- Jones DM, Allen NB. Effect of dietary sodium 
on blood pressure: a crossover trial. JAMA. 2023;330:2258–2266. doi: 
10.1001/jama.2023.23651

 99. Robinson AT, Edwards DG, Farquhar WB. The influence of dietary 
salt beyond blood pressure. Curr Hypertens Rep. 2019;21:42. doi: 
10.1007/s11906- 019- 0948- 5

 100. Farquhar WB, Edwards DG, Jurkovitz CT, Weintraub WS. Dietary so-
dium and health: more than just blood pressure. J Am Coll Cardiol. 
2015;65:1042–1050. doi: 10.1016/j.jacc.2014.12.039

 101. Sugiura T, Takase H, Ohte N, Dohi Y. Dietary salt intake is a sig-
nificant determinant of impaired kidney function in the general 
population. Kidney Blood Press Res. 2018;43:1245–1254. doi: 
10.1159/000492406

 102. Smyth A, Griffin M, Yusuf S, Mann JF, Reddan D, Canavan M, Newell 
J, O’Donnell M. Diet and major renal outcomes: a prospective cohort 
study. The NIH- AARP diet and health study. J Ren Nutr. 2016;26:288–
298. doi: 10.1053/j.jrn.2016.01.016

 103. Borg R, Kriegbaum M, Grand MK, Lind B, Andersen CL, Persson F. 
Chronic kidney disease in primary care: risk of cardiovascular events, 
end stage kidney disease and death. BMC Prim Care. 2023;24:128. 
doi: 10.1186/s12875- 023- 02077- 7

 104. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kid-
ney disease and the risks of death, cardiovascular events, and 
hospitalization. N Engl J Med. 2004;351:1296–1305. doi: 10.1056/
NEJMoa041031

 105. Overwyk KJ, Zhao L, Zhang Z, Wiltz JL, Dunford EK, Cogswell ME. 
Trends in blood pressure and usual dietary sodium intake among chil-
dren and adolescents, National Health and nutrition examination sur-
vey 2003 to 2016. Hypertension (Dallas, Tex: 1979). 2019;74:260–266. 
doi: 10.1161/HYPERTENSIONAHA.118.12844

 106. Zhao L, Ogden CL, Yang Q, Jackson SL, Loria CM, Galuska DA, Wiltz 
JL, Merritt R, Cogswell ME. Association of usual sodium intake with 
obesity among US children and adolescents, NHANES 2009–2016. 
Obesity (Silver Spring). 2021;29:587–594. doi: 10.1002/oby.23102

 107. Silva- Santos T, Moreira P, Rodrigues M, Padrão P, Pinho O, Norton P, 
Ndrio A, Gonçalves C. Interventions that successfully reduced adults 
salt intake—a systematic review. Nutrients. 2021;14:6. doi: 10.3390/
nu14010006

 108. How to reduce sodium intake. 2022. Accessed May 24, 2023. https:// 
www. cdc. gov/ salt/ reduce_ sodium_ tips. htm# print 

 109. Salt reduction fact sheet. 2020. Accessed May 24, 2023. https:// www. 
who. int/ news-  room/ fact-  sheets/ detail/ salt-  reduc tion

 110. Filippou CD, Tsioufis CP, Thomopoulos CG, Mihas CC, Dimitriadis KS, 
Sotiropoulou LI, Chrysochoou CA, Nihoyannopoulos PI, Tousoulis 
DM. Dietary approaches to stop hypertension (DASH) diet and blood 
pressure reduction in adults with and without hypertension: a sys-
tematic review and meta- analysis of randomized controlled trials. Adv 
Nutr. 2020;11:1150–1160. doi: 10.1093/advances/nmaa041

 111. DASH eating plan. 2021. Accessed May 25, 2023. https:// www. nhlbi. 
nih. gov/ educa tion/ dash-  eatin g-  plan

 112. Greer RC, Marklund M, Anderson CAM, Cobb LK, Dalcin AT, Henry 
M, Appel LJ. Potassium- enriched salt substitutes as a means to lower 
blood pressure: benefits and risks. Hypertension. 2020;75:266–274. 
doi: 10.1161/HYPERTENSIONAHA.119.13241

 113. Kovesdy CP, Matsushita K, Sang Y, Brunskill NJ, Carrero JJ, Chodick 
G, Hasegawa T, Heerspink HL, Hirayama A, Landman GWD, et  al. 
Serum potassium and adverse outcomes across the range of kidney 
function: a CKD prognosis consortium meta- analysis. Eur Heart J. 
2018;39:1535–1542. doi: 10.1093/eurheartj/ehy100

 114. Futenma K, Takaesu Y, Nakamura M, Hayashida K, Takeuchi N, 
Inoue Y. Metabolic- syndrome- related comorbidities in narcolepsy 
spectrum disorders: a preliminary cross- sectional study in Japan. 
Int J Environ Res Public Health. 2022;19:6285. doi: 10.3390/
ijerph19106285

 115. Saad R, Lillaney P, Profant J, Fuller DS, Alvord T, Prince P, Whalen 
M, Macfadden W, Ni W, Black J. Cardiovascular burden of patients 
with idiopathic hypersomnia: real- world idiopathic hypersomnia Total 
health model (CV- RHYTHM) [Poster EPH 231]. Presented at: Annual 
Congress for the International Society for Pharmacoeconomics and 
Outcomes Research; May 7- 10, 2023; Boston, MA, 26, S205. doi: 
10.1016/j.jval.2023.03.2577.

https://doi.org//10.5664/jcsm.9328
https://doi.org//10.1212/WNL.96.15_supplement.1472
https://doi.org//10.1161/01.HYP.0000158267.66763.63
https://doi.org//10.5664/jcsm.26970
https://www.dietaryguidelines.gov/resources/2020-2025-dietary-guidelines-online-materials
https://www.dietaryguidelines.gov/resources/2020-2025-dietary-guidelines-online-materials
https://www.dietaryguidelines.gov/resources/2020-2025-dietary-guidelines-online-materials
https://doi.org//10.1161/CIRCULATIONAHA.109.192703
https://www.who.int/news/item/09-03-2023-massive-efforts-needed-to-reduce-salt-intake-and-protect-lives#:~:text=These include%3A,schools%2C workplaces and nursing homes
https://www.who.int/news/item/09-03-2023-massive-efforts-needed-to-reduce-salt-intake-and-protect-lives#:~:text=These include%3A,schools%2C workplaces and nursing homes
https://www.who.int/news/item/09-03-2023-massive-efforts-needed-to-reduce-salt-intake-and-protect-lives#:~:text=These include%3A,schools%2C workplaces and nursing homes
https://www.who.int/news/item/09-03-2023-massive-efforts-needed-to-reduce-salt-intake-and-protect-lives#:~:text=These include%3A,schools%2C workplaces and nursing homes
https://doi.org//10.1016/j.sleep.2020.09.017
https://doi.org//10.1016/j.sleep.2020.09.017
https://doi.org//10.1016/j.sleep.2023.05.023
https://doi.org//10.1111/jsr.12684
https://doi.org//10.1016/j.sleep.2008.05.012
https://doi.org//10.1093/sleep/zsy050
https://doi.org//10.1093/sleep/zsaa295
https://doi.org//10.1093/sleep/zsac079.390
https://doi.org//10.1093/sleep/zsac079.390
https://doi.org//10.2337/dc10-2415
https://doi.org//10.1161/HYP.0000000000000047
https://doi.org//10.1161/HYP.0000000000000047
https://doi.org//10.1001/jama.2023.23651
https://doi.org//10.1007/s11906-019-0948-5
https://doi.org//10.1016/j.jacc.2014.12.039
https://doi.org//10.1159/000492406
https://doi.org//10.1053/j.jrn.2016.01.016
https://doi.org//10.1186/s12875-023-02077-7
https://doi.org//10.1056/NEJMoa041031
https://doi.org//10.1056/NEJMoa041031
https://doi.org//10.1161/HYPERTENSIONAHA.118.12844
https://doi.org//10.1002/oby.23102
https://doi.org//10.3390/nu14010006
https://doi.org//10.3390/nu14010006
https://www.cdc.gov/salt/reduce_sodium_tips.htm#print
https://www.cdc.gov/salt/reduce_sodium_tips.htm#print
https://www.who.int/news-room/fact-sheets/detail/salt-reduction
https://www.who.int/news-room/fact-sheets/detail/salt-reduction
https://doi.org//10.1093/advances/nmaa041
https://www.nhlbi.nih.gov/education/dash-eating-plan
https://www.nhlbi.nih.gov/education/dash-eating-plan
https://doi.org//10.1161/HYPERTENSIONAHA.119.13241
https://doi.org//10.1093/eurheartj/ehy100
https://doi.org//10.3390/ijerph19106285
https://doi.org//10.3390/ijerph19106285
https://doi.org//10.1016/j.jval.2023.03.2577

	Cardiovascular Risks in People With Narcolepsy: Expert Panel Consensus Recommendations
	Possible Mechanisms Underlying a Link Between Narcolepsy and Cardiovascular/Cardiometabolic Risks
	Methods
	Expert Panel Selection and Meeting Preparation
	Development of Recommendation Statements
	Strength of Evidence Ratings

	Results
	Recommendation 1: Recognize the Risk of Hypertension and Cardiovascular/Cardiometabolic Disease in Patients With Narcolepsy
	Statement 1a: Consider That Narcolepsy Has Been Linked to Increased Cardiovascular/Cardiometabolic Risk
	Statement 1b: Recognize That Patients With Narcolepsy May Have Other Sleep Disorders, Which May Also Increase Cardiovascular/Cardiometabolic Risk
	Statement 1c: In Patients With Narcolepsy Without Existing Cardiovascular/Cardiometabolic Disease, Annually Monitor BP, Weight, and Waist Circumference
	Statement 1d: Implement Guideline Recommendations for Screening Lipids and Glycated Hemoglobin A1c
	Statement 1e: In the Setting of Conditions Such as Hypertension, Family History of Premature Cardiovascular Disease, Diabetes, Glucose Intolerance, Obesity, Metabolic Syndrome, and OSA, Initiate Earlier or More Frequent Monitoring as Clinically Indicated

	Recommendation 2: Reduce the Risk of Hypertension and Cardiovascular/Cardiometabolic Disease in Patients With Narcolepsy
	Statement 2a: Educate Patients on the Association Between Narcolepsy and Cardiovascular/Cardiometabolic Comorbidities
	Statement 2b: Counsel and Monitor Patients on the AHA’s “Life’s Essential 8” to Obtain Optimal Sleep Duration and Quality and Implement Other Lifestyle Changes (eg, Regular Exercise, Better Food Choices, Timing of Meals, Reduced Sodium Intake, Cessation o
	Statement 2c: Clinicians Should Evaluate for and Treat Comorbid Cardiovascular/Cardiometabolic Risk Factors and Conditions in Collaboration With Primary Care, Cardiology, Endocrinology, and Other Relevant Specialties
	Statement 2d: Evaluate for and Treat Comorbid OSA
	Statement 2e: Tailor Narcolepsy Pharmacotherapy on the Basis of the Risk for Hypertension and Cardiovascular Disease

	Recommendation 3: Reduce Sodium Intake to Lower the Risk of Hypertension and Cardiovascular Disease in Patients With Narcolepsy
	Statement 3a: Educate Patients That High Sodium Intake from Diet or Medications Can Increase the Risk of Hypertension and Cardiovascular Disease
	Statement 3b: Advise Patients That Reductions in Sodium Intake May Lower Their BP and Cardiovascular Risk
	Statement 3c: Provide Dietary Educational Materials (eg, AHA Guidelines, Dietary Approaches to Stop Hypertension Diet, World Health Organization Recommendations) to Aid in Reducing Sodium Intake
	Statement 3d: Advise Patients to Use a Salt Substitute (If Not Contraindicated) and Implement a Low-Sodium Diet


	Discussion
	Acknowledgments
	Sources of Funding
	Disclosures
	References


