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Study Objectives: Narcolepsy is a neurologic disorder characterized by irresistible sleep attacks. Although its etiology is unknown, it is strongly associated
with genetic variances in the human leukocyte antigen (HLA) complex. We investigated the association of HLA class II-DR-DQ alleles in a sample of patients
with narcolepsy-cataplexy (narcolepsy type 1 [NT1]) and patients with narcolepsy without cataplexy (narcolepsy type 2) with a control group. Additionally, we
compared demographic, clinical, and laboratory characteristics of patients with narcolepsy with or without the DQB1*06:02 allele.

Methods: This case control study included 21 patients with NT1 (56.8%), 16 patients with narcolepsy type 2 (43.2%), and 100 controls. Sequence-based typing
identified HLA-DRB1 alleles, and HLA-DQB1 typing was done using polymerase chain reaction (PCR)-sequence-specific oligonucleotide. Allele and haplotype
frequencies were calculated by direct counting. Nocturnal polysomnography and Multiple Sleep Latency Test were performed in all participants.

Results: In the NT1 group, only 1 allele had a significantly higher frequency than in the narcolepsy type 2 group: DQB1*06:02 (61.9% vs 18.8%). Compared to
controls, DQB1*06:02 (61.9% vs 18.0% in controls) and DRB1*15:01 (47.6% vs 8.0%), had higher frequencies in patients with NT1. Multiple analyses showed
that patients with NT1 had an increased chance of being HLA-DQB1*06:02 positive. HLA-DRB1*15:01-DQA1*01:02-DQB1*06:02 haplotype is associated with
NT1 in our Brazilian patients. Polysomnography was identified in DQB7*06:02 positive subgroup rapid eye movement sleep latency < 15 minutes, and all patients
had 2 or more sleep-onset rapid eye movement periods at Multiple Sleep Latency Test.

Conclusions: This study showed a strong association between HLA-DQB1*06:02 and the haplotype HLA-DRB1*15:01-DQA1*01:02-DQB1*06:02 in patients
with NT1. Patients with DQB1*0602 allele showed shorter rapid eye movement sleep latencies at polysomnography. These results reinforce the suggestion of

DQB1 genotyping as relevant to narcolepsy screening.
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BRIEF SUMMARY

Brazilian population.

accidents.

Current Knowledge/Study Rationale: Our study is the first in Brazil to investigate the association between human leukocyte antigen class 1I-DR-DQ
alleles in patients with narcolepsy type 1 and narcolepsy type 2 and a control group. We confirm the impact of genetic variants on narcolepsy risk within the

Study Impact: Narcolepsy has been underdiagnosed, yet it can pose significant dangers, especially for certain populations such as professional drivers.
Studies aimed at contributing to the diagnosis and treatment of this disorder, particularly when cataplexy is present, are essential to mitigate the risk of

INTRODUCTION

Narcolepsy is a neurologic disorder characterized by irresistible
sleep attacks, hypnagogic/hypnopompic hallucinations, and
sleep paralysis." Although their etiology is unknown, the human
leukocyte antigen (HLA) complex types HLA-DQOB1*06.:02 and
DQAI*01:02 are those most susceptible to narcolepsy, and the
DRBI1*15:01-DQA1*01:02-DQB1*06:02 haplotype (DR2) also
have been reported to be associated with narcolepsy.' In a
study conducted in Europe, for instance, a high odds ratio (equal
to 251) of HLA-DQOBI*06:02 was found for narcolepsy.*
Twenty percent of the general population carry the same
HLA-DRBI1*15:01 DQBI1*06:02 haplotype, however, more

Journal of Clinical Sleep Medicine, Vol. 20, No. 12

individuals with narcolepsy are homozygous for this haplotype.
HLA class II alleles other than DQB1*06.02 influence suscepti-
bility to narcolepsy-cataplexy.'~ In Saudi Arabian patients, the
association between HLA-DQBI1*06:02 alleles frequency and
narcolepsy type 1 (NT1) was above 80%.° The association
between narcolepsy and DQBI*06:02 and DQAI*01:02 was
found in non-DRB1*15 patients with narcolepsy and cataplexy.
Thus, DOB1*06:02 and DQAI*01:02 were found to be better
markers than DR2 for narcolepsy across all ethnic groups.’
Mignot et al reported that DOBI*0602 frequency was strik-
ingly higher in patients with cataplexy (76.1%), and severe cat-
aplexy (NT1) (94.8%) compared to patients without cataplexy
(narcolepsy type 2 [NT2]) (40.9%). These results indicate that
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the HLA association with narcolepsy is tightest when clearcut
cataplexy is present.””

Comparing papers with patients with narcolepsy/cataplexy
of various ethnic groups, such as Japanese, Korean, Caucasian
African-American, and Chinese, we observe in common (1) the
requirement of at least 1 copy of DQAI*01:02-DQB1%*06:02
(estimated at more than 98% of 70 cases); (2) a predisposing
effect of DOA1*01:02-DQB1*06:02 homozygosity or the pres-
ence of DOBI*0301 in trans of DQAI*01:02-DQOBI1*06:02.
The DQB1*03:01 predisposing effect was particularly strong in
the Chinese population, as well as in Mexican population with
narcolepsy. DOBI1*06:02/DQB1*03:01 genotype was present
in 15.6% of Mexican cases, conferring a high risk.'*""!

Few papers have been published about narcolepsy and
genetic susceptibility in Latin America. The overall positive
rate for DOBI*0602 was 65.6% and 67% of Mexican and
Brazilian patients with narcolepsy/catalepsy, verified in a single
publication from each country, respectively.' '

In this sense, the primary aim of our study was to investigate the
association of HLA class II-DR-DQ alleles in a sample of patients
with NT1 and NT2 with a control group. The second aim was to
compare the demographic, clinical, and laboratory characteristics
patients with narcolepsy, with or without the DOB1*06.02 allele.

METHODS

Ethics

The research protocol received approval from the Gaffree and
Guinle University Hospital Ethical Committee, Federal Univer-
sity of Rio de Janeiro, Brazil, and all participants provided writ-
ten informed consent to participate in the study.

Study site and patients-controls

To compare the expression of HLA types in patients with and
without narcolepsy, we conducted a case-control study involv-
ing 21 patients with narcolepsy-cataplexy (NT1), 16 patients
with narcolepsy and without cataplexy (NT2), and 100 controls
participants. We considered proportions inequality (allocation
ratio 2.7) for the sample size calculation, 2 independent groups
(unconditional), an odds ratio of 2.9, a power sample of 80%,
and an alpha error of 5%; the total sample size was 122
(G*Power software, Heinrich-Heine-Universitat Dusseldorf,
Germany). Most patients and controls self-reported being White
(58% and 68%, respectively, P> .31).

Patients were recruited from the Sleep Disorder Center of
Carlos Bacelar Clinic in Rio de Janeiro, Brazil, between July
2004 and July 2014, and the majority were female (64.9%/
mean age = 35 years old, 14-71 years old). They were diag-
nosed with narcolepsy according to the International Classifi-
cation of Sleep Disorders criteria,"> exhibiting excessive
daytime sleepiness, scoring higher than 10 on the Epworth
Sleepiness Scale, and experiencing rapid eye movement
(REM)-related sleep events such as sleep paralysis, hypnagogic
hallucinations, and/or cataplexy. No other sleep disorders
were identified, and all patients had normal neurological exami-
nations. Polysomnography (PSG) was conducted using the
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BNT-36 electroencephalogram amplifier (EMSA, Rio de
Janeiro, Brazil) and scored according to the American Academy
of Sleep Medicine rules and criteria.'> The Multiple Sleep
Latency Test (MSLT) was performed, with a mean sleep
latency of < 8 minutes and 2 or more sleep-onset REM periods
(SOREMPs) considered suggestive of narcolepsy in our sam-
ple. Psychostimulant medications and antidepressant drugs, if
used, were discontinued for at least 2 weeks before PSG and
MSLT recordings.

Patients meeting the following inclusion criteria were
enrolled: (1) NT1 or NT2 diagnosis based on clinical data and
the results of the nocturnal PSG and the MSLT. Patients
were excluded if they: (1) had a total sleep time of less than
6 hours the night before MSLT, (2) had an apnea-hypopnea
index > 15 events/h and/or periodic limb movement index
> 15 events/h, (3) had irregular sleep-wake cycles or insuffi-
cient sleep, or (4) a history of medication/substance use that
could cause false-positive MSLT results.

Control participants had no personal or family history of nar-
colepsy and were selected from the hospitals. The individuals
were healthy, with no history of associated diseases confirmed
by HLA. Based on clinical history, the study coordinating phy-
sician carefully excluded individuals with excessive daytime
sleepiness, other sleep disorders, circadian or mental disorders,
medication, or substance abuse.

Genotyping

Genomic DNA was isolated from peripheral blood samples
collected in ethylenediaminetetraacetic acid tubes, using a
QIAamp 96 DNA Blood kit (Qiagen, Hilden, Germany). High-
resolution HLA class II (DRB1, DQAI, and DQBI) typing
was performed by polymerase chain reaction, followed by
sequence-specific oligonucleotide probe hybridization (PCR-SSO
Inno-Lipa, Innogenetics, Ghent, Belgium) or by polymerase chain
reaction amplification with sequence-specific primers using the
One Lambda kit (Canoga Park, California), according to the man-
ufacturer’s instructions. DRBI*15/16 subtypes were identified
with sequence-specific primers (Dynal AllSet SSPDRB1*15/16;
Dynal Biotech Ltd., Bromborough, United Kingdom).

Statistical analyses
The clinical and HLA data were entered into a database and
analyzed with SPSS11.5 for Windows (SPSS Inc., Chicago,
[llinois). The allelic and haplotype frequencies in patients and
controls were calculated by direct counting, and the signifi-
cance of the association was determined using either the chi-
square or 2-sided Fisher’s exact test. Corrected P values were
obtained using the Bonferroni method (P, = probability value
X the number of alleles compared). P values < .05 were consid-
ered statistically significant. The genotypic frequency refers to
the percentage of the sample population that expresses at least 1
allele. To estimate the strength of the association between the
narcolepsy and HLA alleles, the odds ratios (ORs) were calcu-
lated by Woolf and Haldane’s method modified, and 95% con-
fidence intervals (CIs) measured the precision of the estimates.
To assess whether age, sex, ethnicity, cataplexy, sleep paral-
ysis, hypnagogic hallucinations, mean REM sleep latency
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(REML), mean sleep latency, and SOREMPs were associated
with HLA-DQBI1*06:02, a univariate logistic model was
performed. All variables with P < .20 were tested on the multi-
ple model (stepwise forward technique). The model fit was
assessed by Akaike information criteria.

RESULTS

Genotypic frequencies

At the HLA-DRBI1 locus, 40 different alleles were found, with the
most common being: DRB1*15:01 (35.1%) and DRBI1*03 (27%)
in the narcolepsy group and DRBI1*11:01 (27%), DRBI1*07:01
(23%), and DRB1*03:01 (22%) in the control group.

At the HLA-DQAI1 locus, 12 alleles were identified, with
DQAI1*05:01/03/05 (narcolepsy: 40.5%; controls: 53%) and
DQAI*01:02 (narcolepsy: 40.5%; controls: 38%) being the
most common ones in both groups. DOQA1*03:01 was more
common in narcolepsy group (32.4%) and DQA1*02:01 (22%)
in the control group. At the HLA-DQBI locus, 18 alleles were
identified. The most frequent alleles were DQBI*06:02
(43.2%) in the narcolepsy group and DQOB1*03:01 (40%) in the
control group. DQBI*02:01 (narcolepsy: 21.6%; controls:
24%) and DQBI1*05:01 (narcolepsy: 27%; controls: 20%)
alleles were observed in both groups. Table S1 in the supple-
mental material shows the genotypic frequencies of the HLA
class Il alleles in patients with narcolepsy.

Table 1 presents the genotypic frequencies of HLA class II
alleles associated with narcolepsy patients compared to con-
trols, which were significant. Four HLA class II alleles showed
significantly higher frequencies in the narcolepsy group than in
the control group: DRB1*15:01 (35.1% vs 8%), DOAI1*03:01
(32.4% vs 17%), DQBI1*06:02 (43.2% vs 18%), and
DQOBI1*04:01 (8.1% vs 0.0%). Three additional alleles showed
significantly higher frequencies in the control group:
DRBI1*07:01 (5.4% vs 23.0%), DRBI*11:01 (2.7% vs 27%),
and DOBI1*03:01 (16.2% vs 40%). After the Bonferroni correc-
tion, only the DRBI1*15:01 (P, < .01) and the DQB1*06:02
(P, = .04) were statistically significant (Figure 1).

Comparison between NT1, NT2, and controls

Table 1 lists the phenotypic frequencies of HLA class II alleles
in the control group and patients with narcolepsy with or with-
out cataplexy, which were significant. All alleles found are
shown in Table S2 in the supplemental material. The phenotype
frequency of the HLA class II alleles differed between these
groups. In the NT1 group, only 1 allele had a significantly
higher frequency than in the NT2 group: DOBI1*06:02 (61.9%
vs 18.8%). Compared to controls, DQOBI1*06:02 (61.9% vs
18.0% in controls) and DRBI1*15:01 (47.6% vs 8.0%), had
higher frequencies in the NT1 group (Table 1). These 2 alleles
were statistically significant after the Bonferroni correction.

Six DR2 alleles were overrepresented in the NT2 group:
DRBI1*01:02 (12.5% in NT2 vs 0% in control), DRBI*04
(43.8% in NT2 vs 9.5% in NT1), DRBI1*16:02 (18.8% in NT2
vs 1.0% in control), DOAI*05:02 (12.5% in NT2 vs 0.0% in
control), DOBI1*03:04 (12.5% in NT2 vs 1.0% in control), and
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Table 1—Phenotype frequencies of HLA class Il DRB1, DQA1, and DQB1 alleles in control group, NT1, and NT2.
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Figure 1—Phenotype frequency of HLA class Il DRB1 40, DQA1 12, and DQB1 18 alleles in patients with narcolepsy vs the

control group.
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DQOBI1*04:01 (12.5% in NT2 vs 0.0% in control) (Table 1).
None of them were statistically significant after the Bonferroni
correction.

Haplotype comparison between NT1, NT2,

and controls

We tested 81 extended 3-locus haplotypes (Table S3 in the supple-
mental material). Still, only 2 of them showed a statistically signif-
icant difference in the NT1 group vs control group, as shown
in Figure 2: DRB1*15:01-DQA1*01:02-DQBI1*06:02 (16.7% in
the NT1 group vs 4.0% in controls), DRB1*13:01-DQA1*03:01-
DQOBI1*06:02 (4.8% vs 0.0%). Only 1 haplotype showed sig-
nificant differences between control and NT1 groups: DRB1*11:
01-DQA1*05:01/3/5-DOB1*03:01 (10.0% in controls vs 0.0%
in NT1). No difference was found between the NT1 and NT2

haplotypes.

HLA DR/DQ typing in patients with narcolepsy with
and without cataplexy

Almost 62 percent (13/21) of the NTI1 group were
DQBI1*06:02-positive and 42.9% (9/21) were positive for both
DRBI1*15:01 and DQB1*06:02. These rates were much higher
than in the NT2 group. Additionally, 81% (13/16) of the NT2
group were DOB1*06:02-negative and 75% (12/16) were nega-
tive for both DRBI1*15:01 and DQB1%*06:02, which is much
higher than in the NT1 group (Figure 3).

Characteristics of patients with narcolepsy and
influence of HLA-DQB1*06:02 on patient characteristics
Of the 16 patients with NT2, 2 had SOREMPs during the noctur-
nal PSG; however, in the MSLT, one had 2 SOREMPs and the
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other had 3 SOREMPs. This was the criterion used for the diag-
nosis of narcolepsy. In the initial questionnaire, before recom-
mending the neurophysiological evaluation, we asked patients
when their symptoms began. Of the 16 patients with NT2, only
4 had less than 10 years of symptoms, and 2 of these were
HLA-DQBI*06:02 positive, making it relevant to consider the
possibility that these 2 patients might develop cataplexy in
the future. We did not find differences in the means of mean
sleep latency and SOREMPs between NT1 and NT2 (Table 2).
The average duration of symptoms for patients with NT2 was
13.8 years.

We compared the demographic, clinical, and laboratorial
characteristics between narcolepsy patients with or without
DQOBI1*06:02 allele. The subgroups did not differ in terms of
age, sex, and clinical characteristics. Patients who self-reported
being White were more frequent in both DQB1*06:02 positive
and negative subgroups. However, the DOBI*06:02 positive
subgroup had a significantly larger difference: 2 non-White to
14 White (Table 3).

DQBI*06:02 analysis showed that 13/16 patients with
DQBI1%*06:02 are patients with NT1 and that 13/21 patients
without the allele are patients with NT2. The REML observed
in the PSG was lower in the DOBI*06:02 positive subgroup
and had more SOREMPs in the MSLT in comparison with the
DQBI1*06:02 negative subgroup, as shown in Table 3.

The univariate model showed that HLA-DQB1*06:02 was
associated with self-reported skin color, cataplexy, REML
(in the PSG), mean sleep latency and SOREMPs (in the
MSLT). Patients who self-reported being White are 6.36 more
likely (95% CI =1.15-35.23) to be HLA-DQB1*06:02 positive
than patients who self-reported being non-White. Individuals
have a higher chance of being HLA-DQB1*06:02 positive if
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Figure 2—Frequency of HLA class || DRB1-DQA1-DQB1 haplotypes in NT1, NT2 vs control group.
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they have cataplexy (OR = 7.04; 95% CI = 1.52-32.63), mean
REML < 15 minutes (OR = 20.00; 95% CI = 2.14-186.87),
mean sleep latency < 5 (OR = 0.21; 95% CI = 0.04-1.03) and
>2 SOREMPs (OR = 5.46; 95% CI = 1.26-23.77). The multiple
analyses showed that HLA-DQBI*06.:02 was associated with
cataplexy, and REML (P = .04 and .02, respectively).

DISCUSSION

Our study is the first in Brazil to examine the association of
HLA class II-DR-DQ alleles in a sample of patients with NT1
and NT2 with a control group. In our group, the alleles
DRBI1*15:01 and DQBI*06:02 were statistically significant in
patients with narcolepsy compared to controls. Moreover,
DQBI1*06:02 had a significantly higher frequency in the NT1
group than in the NT2 group. Two haplotypes, DRBI1*15:01-
DQAI1*01:02-DQB1*06:02 and DRBI*13:01-DQA1%*03:01-
DQBI*06:02 showed statistically significant differences in
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patients with NT1 compared to control group. Individuals have
a higher chance of being HLA-DQBI1*06:02 positive if they
have cataplexy, mean REML < 15 minutes and >2 SOREMPs.

We reported that DOB1*06.02 and DRB1*15:01 showed the
strongest association with narcolepsy in our sample. Patients
who self-reported being White are 6.36 more likely to be HLA-
DQBI*06:02 positive than patients who self-reported being
non-White. Sixteen of 37 DQBI1-typed patients were positive
for DOB1*06:02 (allele frequency = 43.2% vs 18% in the con-
trols) and 13/37 were positive for DRB1*15:01 (allele fre-
quency = 35.1% vs 8% in the controls).

HLA typing confirmed that HLA-DQB*06:02 is more com-
monly found in patients with NT1 than in controls or in patients
with NT2. These results indicate that the association of this
HLA type with narcolepsy is tighter when clear-cut cataplexy is
present.’

Mignot et al® reported that DOBI*06:02 frequency was
remarkably higher in patients with NT1 (76.1%) compared to
NT2 (40.9%), and even higher in patients with severe cataplexy
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Figure 3—Positive HLA DR/DQ typing in NT1 and NT2.
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Cl = confidence interval, HLA = human leukocyte antigen, NT1 = narcolepsy type 1, NT2 = narcolepsy type 2, OR = odds ratio.

(94.8%). Our study showed that this allele is present in 61.9%
of patients with NT1 and only 18.8% of patients with NT2.
Multiple analysis has shown that patients with NT1 have 7.04
more chance to be HLA-DQOBI*06:02 positive. In addition,
81% of patients NT2 vs 38% of patients NT1 did not have the
DQBI1*06:02 allele. It has been demonstrated that in patients
with clear-cut cataplexy, approximately 10% are DOBI*06:02
negative.” This may result from the HLA distribution diversity
across different ethnic groups, the heterogeneity of narcolepsy,
and the strictness of current diagnostic criteria.

When the presence of HLA-DR/-DQ was analyzed, we
showed that 42.9% of the patients with NT1 were positive for
both DRB1*15:01 and DQB1*06:02, which is much more com-
mon than in patients with NT2, despite the absence of statistical
significance. HLA-DRBI1*1501, *15:03 (African American)’
and DQB1*06:02 alleles are known to be associated with NT1

in different ethnic groups, and the association is the strongest
among Asians, especially in the Japanese.’'*

Some authors found that ethnicity influences the frequency
of DRBI*15 in patients with NT1 (67.2% in African patients,
84.5% in Caucasian patients, and 95.8% in Asian patients).”’
Our results show that 47.6% (10/21) of patients with NT1 and
18.8% (3/16) of patients with NT2 were DRB1*15:01 positive.
Only 2 of our patients who self-reported being non-White had
DRB1*15:03 allele. A limitation of our study is that we do not
have information about the ethnicity of our participants, pre-
venting us from making this association.

Association among narcolepsy and DQBI*06:02 and
DQAI1*0102 was found in non-DRBI*15 (*1501) NTI1
patients.'>'® Increased narcolepsy risk was associated with
homozygotes for these alleles.!” Although our sample included
15 patients with DQA1*01:02 allele, 3 of them homozygotes,

Table 2—Mean sleep latency and SOREMPs of NTI and NT2.

Variables Groups Mean (SD) 95% ClI P (Mann-Whitney)
Mean sleep latency (min) NT1 (n = 21) 3.73 (2.22) 2.78-4.68 .89

NT2 (n = 16) 3.43 (1.94) 2.48-4.38
SOREMPs (times) NT1 (n = 21) 2.52 (0.68) 2.23-2.81 29

NT2 (n = 16) 2.31 (0.60) 2.02-2.61

Cl = confidence interval, NT1 = narcolepsy type 1, NT2 = narcolepsy type 2, SD = standard deviation, SOREMP = sleep-onset rapid eye movement period.
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Table 3—PSG parameters to the presence of DQB1*06:02.

Narcolepsy with Narcolepsy with
HLA-DQB1*06:02 HLA-DQB1%06:02 HLA-DQB1*06:02 Positive vs HLA-DQB1*06:02
Positive Negative Negative
n=16 n=21 P P, OR (95% ClI)
Demographic Variables
Age, years, median (range) 29.5 (18-72) 33 (14-53) 54 NS (—12.23 to 6.54)
Sex, M:F ratio 05:11 08:13 67 NS (—0.26 to 0.40)
Self-reported skin color: non-White:White ratio 02:14 10:11 .02 NS (—0.65 to —0.05)
Clinical Features
Cataplexy With 13 (81.3) 8 (38.1) 01 NS 7.04 (1.52 to 32.63)
Without 3 (18.8) 13 (61.9) .01 NS 0.14 (0.03 to 0.66)
Sleep paralysis 1 16 72 NS 0.69 (0.16 to 2.96)
Hypnagogic hallucination 13 18 1.00 NS 0.72 (0.13 to 4.17)
Nocturnal PSG
Sleep latency < 15 minutes 1 17 46 NS 1.93 (0.42 to 8.81)
REM sleep latency < 15 minutes 8 1 <.01 NS 0.05 (0.01 to 0.47)
Microarousals > 10 events/h 9 12 .96 NS 0.96 (0.26 to 3.58)
MSLT
Mean sleep latency < 5 minutes 9 18 .07 NS 0.21 (0.05 to 1.03)
> 5 to < 8 minutes 7 3 .07 NS 4.67 (0.97 to 22.46)
SOREMPs = 2 times 7 17 .02 NS 0.18 (0.04 to 0.80)
> 2 times 9 4 .02 NS 5.46 (1.26 to 23.77)

Cl = confidence interval, F = female, HLA = human leukocyte antigen. M = male, MSLT = Multiple Sleep Latency Test, NS = non-significant, OR = odds ratio,
PSG = polysomnography, REM = rapid eye movement, SOREMP = sleep-onset rapid eye movement period.

no statistical difference was found, compared with the control
group (40% vs 38%). It was not possible to demonstrate that
this allele alone is necessary for susceptibility to narcolepsy,
and DOBI1*06:02 and DQA1*01:02 alleles together, when pre-
sent, were also accompanied by DRBI*15:01 allele. Although
different HLA alleles were linked with the narcolepsy risk,
there is still no consensus about specific contributions of alleles
other than DRBI*1501 and DOBI1*06:02."%"°

It has been reported that several genes have been implicated
in narcolepsy risk, and mainly the aggregate effects of genetic
variants on narcolepsy risk, which has been called the genetic
risk score .2 In spite of this, we confirm the association of the
HLA-DRBI1*15:01-DQA1*01:02-DQOB1*06:02 haplotype with
NTI1 (P < .01; OR = 4.80), already described in Chinese and
Japanese patients, where 15% of these patients were typed as
DRBI1*15:01-DQA1*01:02-DQBI*06:02 homozygotes.>'** In
our study, 77% (7/9) of the patients that had the HLA-
DRBI1*15:01-DQAI1*01:02-DOB1*06:02 haplotype also had
cataplexy. Other haplotype investigated here that has shown sta-
tistical difference between patients with NT1 and controls, was
the DRBI1*13:01-DQA1*03:01-DOB1*06:02 (P = .03; OR =
1.05). To our knowledge, it has not been previously described.

Narcolepsy disease characteristics and symptom severity mea-
sures varied dose-response depending on HLA-DQOB1*06.02 sta-
tus,”® which was also true for sleepiness as measured by nap
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propensity and the Epworth Sleepiness Scale. Sleep paralysis and
hypnagogic hallucinations, despite being part of the narcolepsy
pentad, have been considered to have low diagnostic value,*>**
and they were removed from the International Classification of
Sleep Disorders, second edition, diagnostic criteria due to insuffi-
cient specificity for narcolepsy.” We found no significant differ-
ence when we compared these symptoms with the DQB1*06:02
status. Two patients who were homozygous for DQOBI*06:02 had
increased clinical and neurophysiological severity of the disease.
DQB1*06:02 homozygotes had a 2- to 4-fold increased risk of
developing NT1 compared to the heterozygous.”

PSG showed that an increased number of patients had
REML < 15 minutes in DOB1*06:02 positive subgroup (P <.01,
OR =0.05, 95% CI = 0.01-0.47), as well as more SOREMPs in
the MSLT, compared with the DOBI*06:02 negative subgroup
(P=.02,0R=5.46,95% CI=1.26-23.77). This agrees with pre-
vious studies.”>*>~°

Andlauer et al*> showed that among patients being evaluated
for possible narcolepsy short REML (< 15 minutes) at PSG had
high specificity and positive predictive value and may be
enough for the diagnosis without the use of MSLT. Probably
for this reason, in 2023, the International Classification of
Sleep Disorders, third edition, text revision, already classifies
as NT1 if REML is < 15 minutes on PSG, obviating the need
for MLST. For the diagnosis of NT2, only 1 SOREMP on
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MSLT is required if REML < 15 minutes on PSG. In addition,
it is extremely important in clinical practice allows the diagno-
sis of NT2 without cerebrospinal fluid hypocretin-1 level.
In our study, we have no data regarding CSF hypocretin-1 con-
centration as the cerebrospinal fluid punction is an invasive
procedure, and difficult to perform among volunteers, which
prevents the Ethical Committee to approve it for research goals.
This classification suggests reduced hypocretin levels are suffi-
cient for NT1 diagnosis. Although we suggest that differences
in sleep parameters may exist between patients depending on
DRBI1*1501, DQAI1*0102, and DQBI1*06:02 status, further
studies are necessary to confirm the relationship of HLA alleles
with clinical and PSG findings in patients with narcolepsy.

CONCLUSIONS

This study revealed a robust association between HLA-
DQBI1*0602 and the haplotype HLA-DRBI*15:01-DQA1*01:02-
DQBI1*06:02 in patients with NT1. Patients with DOBI1*0602
allele showed shorter REMLs at PSG. Thus, PSG may be consid-
ered as an important tool for diagnostic as it has a high specificity
and positive predictive value.

In conclusion, we recommend that complete HLA typing be
performed with larger samples to characterize the complex
HLA-DQ and HLA-DR interactions. In addition, DQB1 geno-
typing may be relevant to narcolepsy screening.

ABBREVIATIONS

CI, confidence intervals

HLA, human leukocyte antigen

MSLT, Multiple Sleep Latency Test

NT1, narcolepsy type 1

NT2, narcolepsy type 2

OR, odds ratio

PSG, polysomnography

REM, rapid eye movement

REML, rapid eye movement sleep latency
SOREMP, sleep-onset rapid eye movement period
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