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NARCOLEPSY IN AFRICAN AMERICANS

Narcolepsy in African Americans
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Study Objectives: Although narcolepsy affects 0.02-0.05% of individuals in various ethnic groups, clinical presentation in different ethnicities
has never been fully characterized. Our goal was to study phenotypic expression across ethnicities in the United States.

Design/Setting: Cases of narcolepsy from 1992 to 2013 were identified from searches of the Stanford Center for Narcolepsy Research database.
International Classification of Sleep Disorders, Third Edition diagnosis criteria for type 1 and type 2 narcolepsy were used for inclusion, but
subjects were separated as with and without cataplexy for the purpose of data presentation. Information extracted included demographics,
ethnicity and clinical data, HLA-DQB1*06:02, polysomnography (PSG), multiple sleep latency test (MSLT) data, and cerebrospinal fluid (CSF)
hypocretin-1 level.

Patients: 182 African-Americans, 839 Caucasians, 35 Asians, and 41 Latinos with narcolepsy.

Results: Sex ratio, PSG, and MSLT findings did not differ across ethnicities. Epworth Sleepiness Scale (ESS) score was higher and age of
onset of sleepiness earlier in African Americans compared with other ethnicities. HLA-DQB1*06:02 positivity was higher in African Americans
(91.0%) versus others (76.6% in Caucasians, 80.0% in Asians, and 65.0% in Latinos). CSF hypocretin-1 level, obtained in 222 patients, was more
frequently low (< 110 pg/ml) in African Americans (93.9%) versus Caucasians (61.5%), Asians (85.7%) and Latinos (75.0%). In subjects with low
CSF hypocretin-1, African Americans (28.3%) were 4.5 fold more likely to be without cataplexy when compared with Caucasians (8.1%).
Conclusions: Narcolepsy in African Americans is characterized by earlier symptom onset, higher Epworth Sleepiness Scale score, higher
HLA-DQB1*06:02 positivity, and low cerebrospinal fluid hypocretin-1 level in the absence of cataplexy. In African Americans, more subjects

without cataplexy have type 1 narcolepsy.
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INTRODUCTION

Narcolepsy with cataplexy affects 0.02—0.05% of the US
population.'* Reports from other countries show similar
prevalence (0.015-0.03%).>7 In almost all cases, HLA-DQ
typing reveals DQB1*06:02 positivity, an HLA antigen only
present in 25% of the overall US population.®® The disorder
is caused by the loss of approximately 70,000 hypothalamic
neurons producing the neuropeptide hypocretin.''* Hypo-
cretin knockout mice and hypocretin receptor-2 mutated dogs
have narcolepsy with cataplexy, demonstrating that the loss
of hypocretin transmission causes narcolepsy.' !¢ Measuring
cerebrospinal fluid (CSF) hypocretin-1 immunoreactivity, and
detecting levels below 110 pg/mL is considered diagnostic
for narcolepsy and hypocretin deficiency.”"® The current hy-
pothesis is that narcolepsy with cataplexy is an autoimmune
disease affecting selected hypocretin neurons and triggered
by infections such as 2009 HINI influenza.”*' Most recently,
an increased number of children with narcolepsy have been
identified, likely reflecting increased recognition and possibly
earlier onset secondary to HIN1 in 2009.%2
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The classic tetrad of narcolepsy includes excessive daytime
sleepiness, cataplexy, sleep paralysis, and hypnagogic halluci-
nations.” Patients with narcolepsy also demonstrate disrupted
sleep with frequent awakenings.*® In the multiple sleep latency
test (MSLT), the most widely used diagnostic test for narco-
lepsy, a mean sleep latency (MSL) of less than or equal to 8§ min
and the observation of at least two sleep onset rapid eye move-
ments (SOREMPs) in naps and nocturnal sleep had been used
as the main diagnostic criteria.?** In contrast to narcolepsy
with cataplexy, very few studies have been able to address the
true frequency of narcolepsy without cataplexy. These studies
are difficult, as patients without cataplexy may not be seen or
tested by sleep specialists, thus full ascertainment in the pop-
ulation is impossible. As the diagnosis of narcolepsy without
cataplexy is based on the MSLT, a good prevalence study of
the disorder would involve conducting a large number of MSLT
tests in the general population, which would be impractical. In
clinical samples, most cases without cataplexy have normal
CSF hypocretin, suggesting a different etiology.* In one study,
Silber et al.® found a prevalence of 0.02 % for patients with a
diagnosis, but 2—4% of the general population has a positive
MSLT when population-based samples of Caucasians and Af-
rican Americans are tested.>?"*® Most recently, International
Classification of Sleep Disorders, Third Edition (ICSD-3) has
defined “narcolepsy type 17 as all cases with cataplexy (pre-
sumed hypocretin deficient (if a CSF evaluation was conducted)
and rarer cases without cataplexy but documented hypocretin
deficiency.** Other cases without cataplexy (and likely without
hypocretin deficiency) were renamed “narcolepsy type 2.

Although narcolepsy affects all ethnic groups, little is known
regarding phenotypic expression and prevalence of the disorder
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in various ethnic groups of the US. In 2002, Okun et al.?’ found re-
markably few differences in symptomatology in 351 Caucasians,
64 African Americans, 32 Asians, and 26 Latinos but all these
patients had cataplexy and were adults.”” An older report in US
Navy recruits reported higher prevalence of narcolepsy without
cataplexy (0.19%), but similar prevalence of narcolepsy with
cataplexy in African Americans (0.02%) versus in Caucasians.’
Recently, an epidemiological study in suburban Seattle, Kings
County, found higher prevalence of diagnosed narcolepsy cases
in African Americans versus Caucasians (odds ratio [OR] = 8.1),
an effect partially confounded by lower socioeconomic status.*
In Asian Americans or Latinos, prevalence is unknown but
studies have found 0.03% in Chinese in Hong Kong and 0.015%
in Korean adolescents for narcolepsy with cataplexy.*” Of note,
HLA-DQBI1*06:02 frequency varies across ethnic groups, with
39.4% positivity in African Americans versus 23.8% in Cauca-
sians, 16.1% in Latinos, and 8.8% in Asians, possibly explaining
a higher prevalence in African Americans.*** In this study we
examined phenotypic expression across ethnicities with regards
to hypocretin deficiency status.

METHODS

Patients

Cases of narcolepsy recruited at Stanford over a period of
22 years (1992 to 2013) were identified using the Stanford
Center for Narcolepsy Research database. Information ex-
tracted for these patients included demographics, ethnicity
and clinical data, CSF hypocretin-1 (hypocretin-1) level, HLA
DQB1*06:02 status, polysomnography (PSG) and MSLT data.
Diagnosis of narcolepsy was made in 1,097 patients based on
ICSD-3 criteria for type 1 and 2 combined, which was iden-
tical to ICSD-2 narcolepsy with and without cataplexy com-
bined except for four patients who had a nocturnal SOREMP
but only one SOREMP on the MSLT.** We excluded condi-
tions causing sleepiness, i.e., delayed type circadian rhythm
disorder, multiple sclerosis, depression, and sleep disordered
breathing. Five hundred four patients out of 1,097 patients
were recruited through the Stanford Sleep Medicine Center, in
which face-to-face or phone evaluations were performed. For
those who recruited through other facilities, evaluation was
based on the questionnaires filled out by patients and referring
physicians. We identified 182 African Americans, 839 Cauca-
sians, 35 Asians, and 41 Latinos. Among these patients, CSF
hypocretin-1 level was available for 222 patients (49 African
Americans, 162 Caucasians, 7 Asians and 4 Latinos) and lower
than 110 pg/mL in 154 patients (46 African Americans, 99
Caucasians, 6 Asians, and 3 Latinos). MSLT performed after
an overnight PSG was available in more than 90% of cases.

Sociodemographic data available included age when pa-
tients were recruited in the database, sex, and self-identified
ethnic group. Symptom evaluation included severity of sleepi-
ness as measured by the Epworth Sleepiness Scale (ESS)** and
MSLT when available, age of onset of sleepiness, presence or
absence of typical or atypical cataplexy (either very infrequent
or long lasting, or never triggered by typical emotions such as
laughter and joking), severity (scored 0-8, calculated from fre-
quency, duration, and triggers of cataplexy attacks), age at first
attack, presence or absence of hypnagogic hallucinations and
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sleep paralysis and severity (scored 0-9 and 0—16, respectively,
calculated from frequency and duration of the symptoms). In
the data with CSF hypocretin-1 values available, disease dura-
tion was also calculated, as the time from first symptom to
actual CSF collection.

HLA and CSF Hypocretin-1

Genetic typing of HLA DQBI*06:02 was performed
using a sequence-specific polymerase chain reaction.”* CSF
hypocretin-1 concentrations were measured as previously
described.”

Statistical Analysis

Symptoms and clinical presentation were first compared
across the four ethnic groups for all narcolepsy cases (with
and without cataplexy or type 1 and 2 combined). Distribu-
tions were plotted for each variable and found to be close to
the normal distribution except for age, which had a slightly
bimodal distribution. For this reason, parametric testing was
conducted in all cases, but a Kruskal-Wallis test was addition-
ally performed for age. As statistical significance was identical
for age using parametric and nonparametric testing, only para-
metric testing results are reported for all variables. To com-
pare two groups within the four groups, post hoc comparison
tests were next performed with use of Bonferroni correction
to correct for multiple testing. Following these analyses, mul-
tiple regression analyses were used after adjusting for age, sex,
and body mass index (BMI). Chi-square or Fishers exact tests
were used for dichotomous variables. IBM SPSS Statistics for
Macintosh, Version 22.0, Armonk, NY: IBM Corp. was used
to perform all statistical analyses. Significance level was set at
5% (P <0.05).

A subgroup analysis was next performed using similar ana-
lytical tests as described previously in 106 African Americans,
488 Caucasians, 23 Asians, and 21 Latinos with cataplexy
and 76 African Americans, 351 Caucasians, 12 Asians, and
20 Latinos without cataplexy. Finally, we studied clinical pre-
sentation in 145 African American and Caucasian patients
with documented hypocretin deficiency (CSF hypocretin-1
level < 110 pg/mL). Asian and Latino patients were not included
in this last subgroup analysis, because of the small number of
patients involved (six and three patients, respectively). In this
last group of patients, an additional post hoc analysis was per-
formed to examine the effect of time between symptom onset
and date of CSF collection. The purpose of this analysis was
to examine if the differences identified in clinical symptoms
across ethnicity were dependent on disease duration.

RESULTS

Demographic information, clinical data, PSG and MSLT
findings, HLA DQBI1*06:02, and CSF hypocretin-1 level status
of all patients are summarized in Table 1. African Americans
represented 16.6% of the total sample, Asians 3.2%, in line
with population estimates across the United States (12.6% and
5.6%), and in contrast with Latinos, which represented only
3.7% in comparison with the expected 17%. A similar sex ratio
(close to 1:1) was found across all ethnic groups. Mean age was
different across all ethnic groups when using analysis of vari-
ance (ANOVA, < 0.001) or a Kruskal-Wallis test (P = 0.002),
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Table 1—Comparison between race groups for demographic, clinical, multiple sleep latency test, polysomnography, and biologic data.

African American
n 182
Demographics
Age 33.5+1.3(182)
<8, % 8.8
8-18, % 14.8
=18, % 76.4
Sex, % male 445 (182)
BMI, kg/m? 29.4 + 0.6 (132)***
Clinical data
ESS Score 19.0 £ 0.4 (144)
Period between Sx onset and CSF study, y 49+ 1.5 (39)*
Age when realized sleepiness, y 14.0 £ 1.1 (91)*
Clear cataplexy, % 58.2 (182)
Age at first cataplexy episode, y 18.6 £ 1.0 (136)*
Severity 52+0.3(82)
HH - Age at first hallucination, y 13.5 £ 1.3 (50)**
HH - Severity 4.7+0.6(38)
SP - Paralysis, % 71.9 (146)
SP - Severity 5.7+0.9 (40)
PSG
PSG sleep efficiency, % 85.2+0.9 (137)
PSG REM latency, min 58.0 + 6.1 (135)
REM latency < 15 min % 40.0 (135)
PSG AHI, events/h 35104 (122)
PSG PLMS Index, events/h 37.9+8.2(96)
MSLT
MSLT MSL, min 24£02(175)
Number of SOREMPs 3.1£0.1(175)
HLA

HLADQB1*06:02(+), %
CSF hypocretin-1 level

Average 19.4 £ 7.7 (49)*++
<110, % 93.9
110-200, % 4.1
> 200, % 20

91.0 (178)**++

Caucasian Asian Latino

839 35 41
37.1+0.6 (839)* 324 +3.2(35) 288+2.2(41)

1.4 0.0 49

12.0 314 19.5

86.5 68.6 75.6
43.6 (839) 62.9 (35) 56.1 (41)
27.3+0.2 (745) 25.7+0.8 (25) 27.8+1.4(30)
17.6 £0.1(762) 17.1 £ 0.6 (28) 18.0 £ 0.6 (35)

15.2 £ 1.2 (153) 10.0 £4.8 (8) 15+1(4)
17.9 £ 0.4 (493) 16.8 £ 1.3 (28) 14.1£1.5(23)
58.2 (839) 68.6 (35) 51.2 (41)
216 +0.4 (703) 18.2+£1.9(21) 17.8 £ 1.9 (30)
54+0.1(513) 55+0.7 (12) 5.2+ 0.5(20)
19.4 + 0.6 (307) 15.3+1.8 (13) 13.4+1.5(16)
44 0.2 (275) 52 +0.7 (14) 47+0.7 (13)
65.7 (721) 63.6 (22) 76.7 (30)
4.1+0.3(268) 54+1.2(13) 37+£1.1(13)
85.6 + 0.5 (712) 89.0 + 1.6 (24) 88.0+1.5(31)
59.0 + 2.6 (716) 66.6 + 12.6 (28) 68.8 +10.9 (32)
35.9 (716) 42.9 (28) 25.0 (32)
4.5+0.3(636) 49+ 1.4 (26) 6.0 £2.2(29)
42.6 +3.7 (492) 11.3+£54 (17) 244 +£10.4 (21)
2.8 +0.1(802) 0+04(34) 2+04 (41)
3.3+0(804) 35+0.2(34) 34+0.2(41)
76.6 (826) 80.0 (35) 65.0 (40)
127.2 £ 11.3 (162) 60.3+35.3(7) 113.1+£97.6 (4)

61.5 85.7 75.0

37 0.0 0.0

34.8 14.3 25.0

Data are mean + standard error mean, or percentage. The number of patients used for calculations is shown in brackets. Data are among all narcolepsy
with cataplexy and without cataplexy. ***P < 0.001; **P < 0.01; *P < 0.05: comparisons between African American, Caucasian, Asian and Latino with one-
way analysis of variance or Kruskal-Wallis test (for age). Chi-square or Fisher exact tests were used for dichotomous variables. ***P < 0.001; **P < 0.01;
*P < 0.05: Multiple regressions were used to adjust results for age, sex, and BMI. AHI, apnea-hypopnea index; BMI, body mass index; CSF, cerebrospinal
fluid; ESS, Epworth Sleepiness Scale; HH, hypnagogic hallucinations; MSL, mean sleep latency; MSLT, multiple sleep latency test; PLMS, periodic limb
movements; PSG, polysomnography; REM, rapid eye movement; SOREMPs, sleep onset rapid eye movement periods; SP, sleep paralysis; Sx, symptoms.

with post hoc multiple comparisons showing older age in Cau-
casians versus Latinos (P = 0.018). One-way ANOVA showed
significant differences in time between symptom onset and
CSF study, age at first cataplexy episode, and age at first hyp-
nagogic hallucination (Table 1). ESS and MSL were indicative
of increased sleepiness in the African Americans. Mean BMI
was higher in African Americans (P = 0.01) than Caucasians,
thus all further comparison were adjusted for these two vari-
ables (and by convention sex). As described in the next para-
graph, however, most of these differences disappeared after
adjusting for age differences.
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Regression analysis with adjustment of age, sex, and BMI
showed the following findings. ESS score was still higher in
African Americans (P < 0.001). Reported age of onset of sleep-
iness was slightly lower in African Americans (P = 0.025).
PSG and MSLT findings, including sleep efficiency, apnea- hy-
popnea index (AHI), rapid eye movement (REM) sleep latency,
prevalence of REM sleep latency less than 15 min, MSL, and
number of SOREMPs, did not differ across ethnicity. HLA
DQBI1*06:02 positivity was significantly higher in African
Americans when compared to other ethnicities (91.6 versus
77.4, 80.4, and 71.7%) (P < 0.001). African Americans also had
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Age when realized sleepiness, y
Period of symptom onset and CSF study

data.
African American
n 106
Demographics
Age 33.6+1.8(106)
<8 % 94
8-18, % 17.9
=18, % 72.6
Sex, % male 43.4 (106)
BMI, kg/m? 296 £1(67)
Clinical data
ESS score 18.8+0.5(76

13.6 + 1.3 (60)™**+*
52+2.2(33)™

Table 2—Comparison across ethnicities in patients with cataplexy for demographic, clinical multiple sleep latency test, polysomnography, and biologic

(76)
(60)
(33)
Age at first cataplexy 19.1 £1.3(83)
HH - Age at first hallucination, y 13.2+1.5(33)"
HH - Severity 44 +0.6(23)
SP - Paralysis 81.8(77)
SP - Severity 5+1.1(24)
PSG
PSG sleep efficiency, % 83.4£1.2(74)
PSG REM Latency, min 55.1+ 8.4 (74)
REM latency < 15 min % 48.6 (74)
PSG AHI, events/h 4.6+0.8(62)
PSG PLMS index, events/h 28.4+6.4(52)
MSLT
MSLT MSL, min 2.5+0.2(100)
Number of SOREMPs 3.2+0.1(100)
HLA
HLADQB1*06:02(+), % 96.2 (106)
CSF hypocretin level
Average 6.6 + 2.6 (33)**"
<110, % 100.0
110-200, % 0.0
> 200, % 0.0

SP, sleep paralysis.

Data are mean + standard error mean, or percentage. The number of patients used for calculations is shown in brackets. ***P < 0.001; **P < 0.01; *P < 0.05:
comparisons between African American, Caucasian, Asian, and Latino with one-way analysis of variance or Kruskal-Wallis test (for age). For CSF
hypocretin level, nonpaired t-test was performed between African American and Caucasian. Chi-square or Fisher exact tests were used for dichotomous
variables. ***P < 0.001; **P < 0.01; *P < 0.05: Multiple regressions were used to adjust results for age, sex, and BMI. AHI, apnea-hypopnea index; BMI, body
mass index; CSF, cerebrospinal fluid; ESS, Epworth Sleepiness Scale; HH, hypnagogic hallucinations; MSL, mean sleep latency; MSLT, multiple sleep
latency test; PLMS, periodic limb movements; PSG, polysomnography; REM, rapid eye movement; SOREMPs, sleep onset rapid eye movement periods;

Caucasian Asian Latino
488 23 21
37.2£0.9 (488) 34.3+4.6(23) 26.1+3.4(21)

1.6 0.0 9.5

17.6 348 23.8

80.7 65.2 66.7

44.5 (488) 69.6 (23) 61.9 (21)
27.7+£0.3 (421) 26.9+1(15) 302+24(12)
18.1 £ 0.2 (440) 175+0.7 (17) 18.0£0.8 (17)
18.2+ 0.5 (347) 16.5+ 1.1 (17) 132+ 1.7 (14)
17.1+ 1.7 (100) 13.5+9.7 (4) 0.7£0.7 (3)
216+ 0.6 (463) 19.1+£23(17) 14.0 £2.2 (15)
19.6 £0.7 (239) 18.5+2.1(8) 13.7£1.9(11)
4.6+0.2(193) 4.7+0.9(10) 4509 (8)

73.2 (403) 69.2 (13) 86.7 (15)
45+0.3(193) 5+1.3(5) 36+1.3(9)
84.5+ 0.6 (389) 88.8+2.1(14) 86.8 £ 2.1 (14)
56.5 + 3.9 (393) 53.6 +17.6 (17) 66.8 + 19.7 (15)

46.1 (393) 58.8 (17) 40.0 (15)
5.3+0.5(351) 6.8+2.3(15) 9.2+4.4(14)
34.1+4.4(279) 13.3+£6.9 (13) 13.9+6.1(9)
2.4 +0.1(453) 2+0.3(22) 24+04(21)
3.4 £0.0 (455) 36+0.2(22) 36+0.2(21)

92.6 (486) 100.0 (23) 95.0 (20)
55.0 £ 9.0 (106) Not sufficient data Not sufficient data

86.7

29

10.5

a higher prevalence of low CSF hypocretin-1 level in compar-
ison to other ethnic groups (93.9 versus 61.5, 85.7, and 75%)
(P <0.001).

Subgroup analysis was next performed in patients with and
without cataplexy (Tables 2 and 3). In patients with cataplexy
and thus most likely to be hypocretin deficient (Table 2), La-
tinos presented at a younger age than other patient groups
(P = 0.03). Sex ratio, BMI, symptomatology (with severity),
PSG and MSLT findings were similar across all ethnicities,
indicating etiological homogeneity. Thus, all further compari-
sons were adjusted for age (and by convention BMI and sex).
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After adjustment, age of onset of sleepiness was younger in
African Americans (P < 0.01) than other patient groups. By
nonpaired #-test and regression analysis, African Americans
also had lower mean CSF hypocretin-1 level in comparison
with Caucasians (6.6 = 2.6 versus 55.0 = 9.0 pg/mL) (P = 0.019).

In patients without cataplexy (Table 3), age, sex ratio, and
PSG findings were similar across all ethnicities. BMI was
higher in African Americans (P = 0.005). Thus, all further
comparisons were adjusted for BMI (and by convention, age
and sex). After adjustment, ESS was still higher (P <0.001) and
mean sleep latencies in MSLT shorter in African Americans

1676 Narcolepsy in African Americans—Kawai et al.



MSLT

biologic data.
African American
n 76
Demographics
Age 33.4£1.9(76)
<8, % 7.9
8-18, % 10.5
=18, % 81.6
Sex, % male 46.1(76)
BMI, kg/m? 29.2 £ 0.8 (65)***
Clinical data
ESS score 19.3 £ 0.5 (68)"**
Age when realized sleepiness, y 14.9+1.8(31)
HH - Age at first hallucination, y 13.9+2.7 (17)
HH - Severity 53+1.2(15)
SP - Paralysis 60.9 (69)
SP - Severity 6.6 +1.5(16)
PSG
PSG sleep efficiency, % 87.3+1.3(63)
PSG REM latency, min 61.5+8.9(61)
REM latency < 15 min % 29.5 (61)
PSG AHI, events/h 2.3+0.4 (60)
PSG PLMS Index, events/h 49.1 £ 16.1 (44)

Table 3—Comparison across ethnicities in patients without cataplexy for demographic, clinical multiple sleep latency test, polysomnography, and

MSLT MSL, min 23+0.2(75)*

Number of SOREMPs 29+0.1(75)
HLA

HLADQB1*06:02(+), % 83.3 (72)*
CSF hypocretin level

Average 457 +22.1 (16)

<110, % 81.3

110-200, % 12.5

> 200, % 6.3

rapid eye movement periods; SP, sleep paralysis.

Caucasian Asian Latino
351 12 20
36.9 £ 0.7 (351) 28.7+3.4(12) 31.6 £2.7 (20)
1.1 0.0 0.0
43 25.0 15.0
94.6 75.0 85.0
42.5 (351) 50.0 (12) 50.0 (20)
26.8 £ 0.3 (324) 24.0+1.3(10) 26.1+£1.7 (18)
16.9£0.2 (322) 16.4 £1.1(11) 18.1+£ 1.0 (18)
17.3+0.7 (146) 17.1+3.0(11) 15.4+2.7(9)
18.6 + 1.3 (68) 102+ 1.4 (5) 128+ 26 (5)
3.9+0.3(82) 6.5+1(4) 5+1.1(5)
56.3 (318) 55.6 (9) 66.7 (15)
3.1£0.5(75) 6.3+2.8(4) 4+2.3(20)
87 +£0.7 (323) 89.2+25(11) 88.9+2.1(17)
62.2 £3.2 (323) 86.7 £15.9 (11) 70.5+11.5(17)
23.5(323) 18.2 (11) 11.8 (17)
3.4 +04 (285) 23+£09(11) 3.1+£1(15)
53.8 +6.2 (213) 48+4.8(4) 322+17.6(12)
3 1(349) 48+0.6(12) 4+0.5(20)
3.1+0.0 (349) 33+£0.3(12) 3.3+0.2(20)
53.8 (340) 41.7 (12) 35.0 (20)
262.6 + 16.4 (56) Not sufficient data Not sufficient data
14.3
5.4
80.4

Data are mean + standard error mean, or percentage. The number of patients used for calculations is shown in brackets. ***P < 0.001; **P < 0.01; *P < 0.05:
comparisons between African American, Caucasian, Asian, and Latino with one-way analysis of variance or Kruskal-Wallis test (for age). For CSF
hypocretin level, nonpaired t-test was performed between African American and Caucasian. Chi-square or Fisher exact tests were used for dichotomous
variables. **P < 0.001; **P < 0.01; *P < 0.05: Multiple regressions were used to adjust results for age, sex, and BMI. AHI, apnea-hypopnea index; BMI, body
mass index; CSF, cerebrospinal fluid; ESS, Epworth Sleepiness Scale; HH, hypnagogic hallucinations; HLA, human leukocyte antigen; MSL, mean sleep
latency; MSLT, multiple sleep latency test; PLMS, periodic limb movements; PSG, polysomnography; REM, rapid eye movement; SOREMPs, sleep onset

(P < 0.001), a finding that may reflect the higher prevalence
of hypocretin deficiency in this subgroup. HLA DQB1*06:02
positivity was also significantly higher in African Americans
(African Americans 83.3% versus Caucasians 53.8, Asians 41.7
and Latinos 35%) (P < 0.001). Finally, by nonpaired #-test and
regression analysis, African Americans again had lower mean
CSF hypocretin-1 level (45.7 = 22.1 versus 262.6 + 16.4 pg/
mL) and a higher prevalence of low CSF hypocretin-1 level in
comparison with Caucasians (81.3 versus 14.3%) (P < 0.001).
Comparing African Americans and Caucasians with low
CSF hypocretin-1 (Table 4), age was younger in African
Americans (14.8 £ 1.7 versus 32.8 + 2.1) (P < 0.001); thus, all
further comparisons were adjusted for age (and sex, BMI).
After these adjustments, PSG and MSLT parameters showed
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few differences, again suggesting etiological homogeneity. In-
terestingly, however, CSF levels were significantly lower in
African Americans (P = 0.001) whereas patients reported less
frequently cataplexy (71.7 versus 91.9 %) (P = 0.027). To as-
sess whether these differences were related to differences in
disease duration, another regression analysis was performed
after additional adjustment of disease duration (period be-
tween symptom onset and CSF study), and the result remained
significant (P = 0.019).

DISCUSSION

In this study, we found that among patients in whom nar-
colepsy (type 1 and 2 combined) was diagnosed at Stanford,
African Americans had higher mean BMI, were more sleepy
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n
Demographics
Age
<8 %
8-18, %
218, %
Sex, % male
BMI, kg/m?
Clinical data
ESS score
Age when realized sleepiness, y
Clear cataplexy, %
Age at first cataplectic episode, y
Severity
HH - Age at first hallucination, y
HH - Severity
SP - Paralysis, %
SP-Severity
Period between Sx onset and CSF study, y
PSG
PSG sleep efficiency, %
PSG REM latency, min
REM latency < 15 min %

African American
46

14.8 +1.7 (46)™**

Table 4—Comparison between African American and Caucasian with low cerebrospinal fluid hypocretin-1 level for demographic, clinical multiple sleep
latency test, polysomnography, and biologic data.

Caucasian
99

32.8+2.1(99)

30.4 74
M3 263
28.3 66.7
56.5 (46) 42.4 (99)

26.3+1.4(33) 27.3+0.8 (89)

19.4 £ 0.6 (40) 182 0.4 (95)

8.8+ 1(40) 17.7 1.1 (92)
71.7 (46)*+ 91.9 (99)

109+1.3(35 19.7 1.2 (93)

6.4+ 0.5 (10) 5.5+ 0.3 (59)

8.3+ 1.1(20) 19.6 + 1.5 (70)

54+1(9) 49403 (53)
64.0 (25) 69.0 (71)

6.5+ 1.8 (11) 49+0.7 (50)

4.2+ 14 (36) 15.8 + 1.7 (95)

78.3+2.7 (32 79.8 +2.2 (67

(67)
101.1+ 14.4 (66)
37.9 (66)
(64)
(48)

PSG AHI, events/h 8.4+1.6 (64

PSG PLMS Index, events/h 11.2+2 (24 11.9+2.5 (48
MSLT

MSLT MSL, min 2.9+0.6(39) 2.9+0.3(68)

Number of SOREMPs 2.7+0.3(39) 3.1£0.2(70)
HLA

HLADQB1*06:02(+), % 100 (46) 99.0 (97)
CSF hypocretin-1 level

Average 7.0 2.2 (46)+ 21.8 £2.8(99)

Data are mean + standard error mean, or percentage. The number of patients used for calculations is shown in brackets. Data are among narcolepsy with
cataplexy and without cataplexy with CSF hypocretin-1 level less than 110 pg/mL. ***P < 0.001; **P < 0.01; *P < 0.05: comparisons between African American
and Caucasian with nonpaired t-test or Mann-Whitney U test (for age). Chi-square tests were used for dichotomous variables. **P < 0.001; **P < 0.01;
*P <0.05: Multiple regressions adjusted for age, sex, and BMI. *P < 0.05: Multiple regressions adjusted for age, sex, BMI, and period of symptom onset and
CSF study. AHI, apnea-hypopnea index; BMI, body mass index; CSF, cerebrospinal fluid; ESS, Epworth Sleepiness Scale; HH, hypnagogic hallucinations;
HLA, human leukocyte antigen; MSL, mean sleep latency; MSLT, , multiple sleep latency test; PLMS, periodic limb movements; PSG, polysomnography;
REM, rapid eye movement; SOREMPs, sleep onset rapid eye movement periods; SP, sleep paralysis; Sx, symptom.

subjectively (ESS), more frequently hypocretin deficient, and
had an earlier age of onset (even after correction for age)
versus other groups. They were also more frequently without
cataplexy while being more frequently HLA DQBI1*06:02
positive and hypocretin deficient (Table 1). Separating subjects
with and without cataplexy, most differences across ethnici-
ties were found in subjects without cataplexy (Table 3). These
results suggest that the African American patients included in
the study had more frequent hypocretin deficiency (i.e., type 1
narcolepsy) as a cause of narcolepsy without cataplexy. This
could be due to a true difference in phenotypic expression sec-
ondary to genetic or environmental factors and/or may reflect
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bias in referral patterns. It is, for example, possible that it
takes the more severe phenotype of narcolepsy without cata-
plexy and hypocretin deficiency for African American patients
without cataplexy to be referred, leading to an overrepresenta-
tion of these cases. It is also noted that the delay in making a
correct diagnosis of narcolepsy in patients without cataplexy, a
parameter that is not available in the overall sample, may have
also affected the result.

To address this further, we next studied the subset of type
1 narcolepsy cases with documented low CSF hypocretin but
no cataplexy across ethnicity. In these cases we also found
a higher percentage of cases without cataplexy in African
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Americans (Table 4) (OR = 4.48, 95% confidence interval [CI]:
1.7-11.8). Although African Americans were younger, the dif-
ference remained significant (P = 0.019) when adjusted for age
or disease duration (period between symptom onset and CSF
study), suggesting it was not just a matter of time since onset
and associated delay in developing cataplexy. Because the
overall African American group was young, it is also possible
that in African Americans with hypocretin deficiency/type 1
narcolepsy, typical cataplexy develops much later in life. Inter-
estingly, CSF hypocretin-1 levels were actually lower in this
ethnic group, and even more so in patients without cataplexy,
suggesting the difference is not related to disease duration or
more partial hypocretin deficiency in African Americans. In
brief, we found that many more African American patients pre-
senting to us have a phenotype of hypocretin deficiency/type 1
narcolepsy without cataplexy when compared to other ethnic
groups. This is important to consider at the clinical level, as
these patients were also more overweight, and thus, although
this was not found in this sample of younger African Ameri-
cans, they may be more likely to have associated sleep apnea.
Because sleep apnea will appear as the most likely cause of
sleepiness in the absence of cataplexy, these patients may be
more difficult to recognize and treat appropriately especially if
compliance with continuous positive airway pressure therapy
is poor.

The reason for the difference in clinical presentation is
unclear. Because HLA-DQBI1*06:02 is more frequent in Af-
rican Americans (39.4%) than in Caucasians (23.8%), Latinos
(16.1%), and Asians (8.8%), narcolepsy should be 1.5-fold to
twofold more frequent in African Americans based on genetic
data alone.**** Although data were not available in this par-
ticular sample, higher frequency of DQB1*06:02 in African
Americans could increase homozygocity and have an effect
on symptomatology as suggested before.*® Recent studies have
also shown that narcolepsy may be triggered by upper airway
infections such as streptococcus and influenza,***7* and con-
sidering these infections may affect more disproportionally
poorer households and larger families, such factors could also
contribute to a higher prevalence in this group.’®*! One prev-
alence study reported that narcolepsy was more common in
African Americans, although the association with lower socio-
economic status was difficult to disentangle.’**' An association
with past streptococcus infection (and smoking) has also been
reported.’** Data on past streptococcus or influenza infection
were unfortunately not available in this particular sample.

Interestingly, our center, which recruits from the entire
country, receives a proportionally representative percentage
of African American cases (16.6%) and corresponding CSF
samples (22.1%), but low numbers of Latinos, although this
may be due to the difficulty in classifying this ethnic group,
which may be confused with Caucasians. This relative pro-
portionality of African Americans in the face of reported in-
creased prevalence suggests that the difference in phenotype
may be real. Alternatively, many Caucasian cases with type 1
narcolepsy/hypocretin deficiency and no cataplexy may also
exist, but do not seek consultation. In favor of this hypoth-
esis, Goldbart et al.”’ recently reported that 0.13 % of the Wis-
consin sample had multiple positive MSLT and/or short REM
sleep latency on PSG consistent with a phenotype of genuine
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HLA-DQB1*06:02 narcolepsy without cataplexy cases, a
higher prevalence than narcolepsy with cataplexy.

Overall, the Caucasians involved in this study were older
than any other ethnicity, likely reflecting the fact these likely
include more long standing patients with an established diag-
nosis. BMI, but not AHI, was also significantly higher in Af-
rican Americans. Obesity in young patients with narcolepsy
with cataplexy has been reported.*** Similarly, BMI is gen-
erally higher in African Americans,***” an effect also associ-
ated with increased sleep apnea.* In narcolepsy with cataplexy,
lower CSF hypocretin-1 is correlated with higher BMI.#-°
Kotagal et al.*! reported increased weight gain in individuals
with narcolepsy who are younger than 18 y. Interestingly, no
difference in BMI was found in African Americans versus
Caucasians when only subjects with CSF hypocretin-1 < 110
were included. This suggests that the BMI difference in the
overall sample may reflect a higher percentage of low hypo-
cretin patients in African Americans without cataplexy. In the
hypocretin-deficient subsample, AHI was also not significantly
different, although slightly lower, likely reflecting a younger
age in the African American group. The mechanism by which
type 1 narcolepsy/hypocretin deficiency causes obesity is
unclear but may include changes in eating habits (nocturnal
eating),” reduced locomotor activity/exercise, alterations in fat
metabolism, or more controversially biological mechanisms
such as reduced leptin production.*-2-5

This study has strengths and limitations. Limitations in-
clude sample bias in that the database involved patients from
various referral medical facilities (testing protocols vary
slightly), a retrospective design, missing data, and the diffi-
culty to ensure that all differential diagnoses were excluded in
all included cases. Because CSF hypocretin-1 level was mea-
sured only when it is indicated based on clinical suspicion, the
subsample of subjects with CSF hypocretin levels available
for study was nonrandom. Finally, in the process of subgroup
analysis in patients with low CSF hypocretin-1 level, com-
parison was only possible between African Americans and
Caucasians because of a small number of Asian and Latino
patients involved. Thus, further investigation is necessary to
confirm our findings across all ethnicities. In summary, it is
likely that our sample is not representative of a random sample
of cases with narcolepsy, as we mostly used established centers
with large narcolepsy populations. Strengths of this study are
as follow. It is nonetheless by far the largest study published to
date comparing differences based on ethnicity in the United
States. Moreover, this study relies not only on clinical and elec-
trophysiological data, but also on biological study results. We
believe identifying the characteristics of presentation in each
ethnicity will help clinicians to provide better management of
narcolepsy across cultural boundaries.
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