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ARTICLE INFO ABSTRACT

Keywords: Study objectives: Sex influences sleep through physiological differences and impacts the clinical presentation and
Sleep disorders quality of life in patients with sleep disorders. However, there is a paucity of evidence regarding differences
Cataplexy

between men and women affected by narcolepsy. This study aimed to explore the sex-based dissimilarities in
time to diagnosis and clinical features in narcolepsy.

Methods: This retrospective observational study included adult patients with narcolepsy type 1 (NT1) and type 2
(NT2). Clinical, polysomnographic, and biofluid parameters were compared between men and women.

Results: The study analyzed 42 patients: 27 with NT1 (64.3 %) and 15 with NT2 (35.7 %). Among these, 18 were
male (42.9 %; mean age 34.72 + 12.89 years) and 24 were female (57.1 %; mean age 37.96 + 13.2 years). No
significant sex differences were observed in the age at onset of symptoms. Notably, females had significantly
longer diagnostic delay compared to males (p = 0.04) and a higher rate of misdiagnosis before receiving the
diagnosis of narcolepsy (p < 0.001). Male patients exhibited significantly longer stage 2 of Non-REM sleep
percentage compared to females patients (p = 0.024). There were no significant differences in psychiatric
comorbidities (p = 0.30).

Conclusions: Women with narcolepsy experience longer time to obtain the correct diagnosis and are more
frequently misdiagnosed with other disorders compared to men. The present findings highlight a potential sex-
based disparity in diagnostic practices that may negatively impact the well-being of women with narcolepsy, as

Excessive daytime sleepiness
Diagnosis delay
Misdiagnosis

their symptoms are more commonly misdiagnosed.

1. Introduction

Over the past decades, there has been growing attention in under-
standing the effect of sex on the disease biology and the clinical aspects
of neurological disorders. Numerous studies recently uncovered that
sleep disorders can affect women and men differently [1,2]. Specifically,
the prevalence of sleep disorders can be different among women and
men (i.e. sleep-disordered breathing are prevalent in men, insomnia and
restless legs syndrome are prevalent in women), as well as the impact of
sleep disorders on quality of life may differ between sexes [3]. Previous
studies showed a sex effect on disease burden, clinical manifestations
and symptoms complaints of sleep disorders such as insomnia and REM
sleep behaviour disorder [3-5]. Moreover, most recent evidence from
animal model studies suggests sex differences in narcolepsy symptoms
[6-11]. However, sex differences in patients with narcolepsy remain

understudied, with only a few reports focusing on these dissimilarities in
diagnosis, clinical symptoms, and disease burden [12-16]. In particular,
previous findings were mixed and did not fully and comprehensively
consider sex differences regarding the interval between symptoms onset
and diagnosis, the incidence of misdiagnosis before narcolepsy, and the
clinical, polysomnographic and biofluid features. A few reports docu-
mented that female patients with narcolepsy have access to diagnostic
sleep testing less likely than men [12] and can have a long delay in
receiving a narcolepsy diagnosis [13,14]. Moreover, considering the
differences between narcolepsy symptoms in children and adults, there
was no report about a possible sex effect in patients diagnosed with
narcolepsy in the adult age and with symptoms onset in adolescence.
Therefore, this study aimed to describe the timeliness of disease
diagnosis and clinical characteristics among male and female adult pa-
tients diagnosed with narcolepsy type 1 (NT1) and type 2 (NT2) in order
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to identify potential sex differences in clinical, polysomnographic and
biofluid markers.

2. Methods
2.1. Participants and study design

This is a retrospective observational study performed in adult pa-
tients diagnosed with narcolepsy who were admitted at the Sleep
Medicine Centre of the University Hospital of Rome Tor Vergata. NT1
and NT2 were diagnosed according to the guidelines of the International
Classification of Sleep Disorders — 3rd Edition, and in the case of a
diagnosis performed before 2014, the revision of the criteria was done
by sleep certified experts (FI, CL, FP) [17].

Inclusion criterion for patients with narcolepsy was detailed clinical
charts, describing the diagnostic work-up, the clinical symptoms, and
the biomarker assessment. The exclusion criteria were a previous diag-
nosis of narcolepsy before admission to the sleep medicine centre and
lack of completion of the sleep study protocol (including clinical, ge-
netic, polysomnographic and biofluid marker analysis).

The study protocol was considered retrospective and observational
according to the STROBE statement by the internal review board of the
Ethical Committee of the University Hospital of Rome Tor Vergata.

2.2. Measures assessment

All clinical charts were analyzed and demographic and clinical fea-
tures were reported in an ad hoc database. All the clinical, polysomno-
graphic, genetic and biofluid markers were collected from the medical
records.

Regarding the frequency of cataplectic attacks, data were register on
a scale from 1 to 5, where 1 represents one or less cataplectic attack per
year; 2 indicates more than one cataplectic attack per year but less than
one per month; 3 represents more than one attack per month but less
than one per week; 4 indicates more than one per week but less than one
per day; and 5 represents severe cases with at least one cataplectic attack
per day [18].

All patients underwent a complete polysomnography (PSG), fol-
lowed by multiple sleep latency test (MSLT), according to guidelines and
common clinical practice [19]. For this study, data regarding sleep
analysis were collected according to the standard criteria [20]. The
following standard parameters were considered: time in bed (TIB, time
spent in bed between lights off and lights on), sleep onset latency (SL,
the time-interval between the lights off and the first sleep epoch), total
sleep time (TST, the actual sleep time without SL and awakenings), sleep
efficiency (SE, the ratio between TST and TIB), REM sleep latency
(REML, the time-interval between the sleep onset and the first epoch of
REM sleep), stage 1 of non-REM sleep (N1), stage 2 of non-REM sleep
(N2), stage 3 of non-REM sleep (N3), REM sleep, and wakefulness after
sleep onset (WASO). The percentages of the sleep stages were calculated
over TST. Researchers (AC, FI, CL, AP, FP) scored the PSG recordings
based on the international standard criteria of the American Academy of
Sleep Medicine [20,21].

The MSLT was performed to objectively test daytime sleepiness and
consisted of five trials performed at 2-h intervals [22,23]. The MSLT
sessions started 2 h after awakening the day after the polysomnographic
recording. Daytime sleep propensity was calculated for each participant
as the mean sleep latency (MSL) value from the five sessions and the
number of sleep-onset REM periods (SOREMPs) during MSLT.

The hypocretin-1/orexin-A CSF levels were detected with a
commercially available ELISA kit (Orexin A/Hypocretin-1 EIA Kit;
Phoenix Pharmaceuticals, Burlingame, CA), as previously described
[24-26].
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2.3. Statistical analysis

The statistical analysis was performed using commercial software
SPSS version 25 [27]. First, descriptive statistics were computed to
characterize the sample in terms of age, sex, narcolepsy type, age of
symptoms onset, cataplexy frequency, the interval between symptoms
onset to diagnosis, CSF orexin levels, PSG and MSLT data. Then,
depending on the type of variable, chi-square test or Fisher’s Exact Test
was applied for categorical variables, while the Mann-Whitney test was
used for continuous variables for differentiating NT1 to NT2 patients
and female to male patients in demographic, clinical, PSG, and MSLT
data.

Predictors of narcolepsy diagnosis delay (time between symptoms
onset to diagnosis) were assessed using Cox proportional hazards
regression model, including all narcolepsy patients (both NT1 and NT2).
Sex, presence of cataplexy (Yes or No), and age at symptoms onset were
included in the analysis as predictors. Hazard ratio (HR) and 95 %
confidence intervals (CI) were reported. P-value was set at p < 0.05 for
statistical significance.

3. Results

A total of 42 patients with narcolepsy were included in this retro-
spective observation considering inclusion and exclusion criteria; pa-
tients with NT1 were 27 (64.3 %) and with NT2 were 15 (34.7 %).
Among these patients, 18 were male (42.9 %; 34.72 + 12.89 years; 10
NT1 and 8 NT2) and 24 females (57.1 %; 37.96 + 13.20 years; 17 NT1
and 7 NT2). Patients’ demographic and clinical data are present in
Table 1 and PSG data are shown in Table 2.

No significant differences were found for the age of symptoms onset
according to narcolepsy type and sex. NT1 patients reported higher
frequency of sleep-related hallucinations than NT2 patients (p = 0.003).
Furthermore, no significant differences between sexes were found for
the age at onset of cataplexy symptoms in NT1 patients (p = 0.591), as
well as for the cataplexy score (p = 0.297).

No significant differences were found between the two types of
narcolepsy for diagnosis delay (p = 0.291) and misdiagnosis (p = 1.00).
However, there was a significant higher time to narcolepsy diagnosis in
female patients than in male patients with narcolepsy (p = 0.036). Fe-
male patients had a significantly higher percentage of misdiagnosis
(more frequently diagnosis of neurological or psychiatric diseases before
obtaining narcolepsy diagnosis) when compared to male patients with
narcolepsy (p = 0.001). There were no significant differences between
the two groups of narcolepsy patients and between males and females
regarding concomitant psychiatric disorders (p = 1.00 and p = 0.299,
respectively).

No differences between the two types of narcolepsy were observed in
the MSL at MSLT (p = 0.182) and in the number of SOREMPs (p =
0.053). No significant differences across sexes were documented in the
MSL at MSLT (p = 0.353) and in the number of SOREMPs (p = 0.136).

Considering sleep polysomnographic measures, no significant dif-
ferences were observed between NT1 and NT2 patients. Additionally, no
significant differences were found across the two groups, except for N2,
which was higher in male than female patients (p = 0.024).

Demographic and clinical data were investigated through Cox
regression models to assess the impact of these factors on diagnosis delay
(Table 2). Presence of cataplexy, and age at symptoms onset did not
influence the diagnosis delay in patients with narcolepsy. Sex was the
only predictor of the diagnostic delay (hazard ratio [HR] = 0.436, p =
0.020; Table 3).

4. Discussion
Despite significant efforts in the recent past to improve the recog-

nition and diagnosis of narcolepsy, the time interval between symptoms
onset and diagnosis in patients with narcolepsy remains longer than one
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Table 1
Demographic and clinical characteristics of patients.
Narcolepsy Type Differences Sex Differences
NT1 (n = 27) NT2 (n = 15) p-value Male Patients (n = 18) Female Patients (n = 24) p-value
Demographic and clinical data
Mean age, years 35.19 £ 12.75 39.07 + 13.54 0.379 34.72 + 12.89 37.96 + 13.20 0.476
Type of Narcolepsy, (%)
NT1 NA 10 ( 55.6 %) 17 (70.8%) 0.347
NT2 8 (44.4%) 7 (29.2%)
Age of onset, years 22.67 £10.48 23.07 + 10.96 0.813 25.28 +£11.82 20.96 + 9.26 0.352
Diagnosis delay, years 6.93 £ 6.28 10.07 + 9.69 0.291 4.89 £+ 3.51 10.42 £ 9.11 0.036
Misdiagnosis, (%) 6 (22.2 %) 4 (26.7 %) 1.000 0 10 (41.7 %) 0.001
Depression 3(11.1 %) 4 (26.7 %) NA 3(12.5%)
Epilepsy 2 (7.4 %) 6 (25 %)
Learning Disabilities 1 (3.7 %) 1(4.17 %)
Presence of Psychiatric Symptoms, (%) 7 (25.9 %) 4 (26.7 %) 1.000 3 (16.7 %) 8(33.3 %) 0.299
Cataplexy, (%) NA 8 (44.4 %) 15 (62.5 %) 0.449
Mean age of cataplexy onset 27.09 £+ 10.50 29.25 +£12.71 25.93 + 9.40 0.591
Cataplexy Score 3.27 £1.28 2.88 +1.36 3.50 +£1.22 0.297
Sleep-related hallucinations, (%) 15 (55.6 %) 1(7.1%) 0.003 5 (27.8 %) 11 (47.8 %) 0.218
Sleep Paralysis, (%) 15 (55.6 %) 9 (64.3 %) 0.742 11 (61.1 %) 13 (56.7 %) 1.000
MSLT and CSF Data
MSL, min 3.87 £1.77 5.01 + 2.54 0.182 4.70 £ 2.28 3.97 £ 2.01 0.353
SOREMPs, number 2.84 +1.11 2.13 £0.92 0.053 2.78 =+ 1.06 2.41 £1.22 0.136
HLA-DQB1*06:02, (%) 26 (100 %) 5(33.3 %) <0.001 NA
Orexin A, pg/ml 57.66 + 29.15 179.02 + 57.59 <0.001 NA

Data are presented as mean =+ standard deviation. Abbreviations: NT1 Narcolepsy type 1; NT2 Narcolepsy type 2; MSLT Multiple sleep latency test; MSL, mean sleep

latency; SOREMPs sleep onset rapid eye movement period; NA, Non-applied.

Table 2
Polysomnographic data according to narcolepsy type and sex.
Narcolepsy Type Differences Sex Differences
NT1 (n = 27) NT2 (n = 15) p-value Male Patients (n = 18) Female Patients (n = 24) p-value
TIB (min) 477.67 + 64.36 429.40 + 109.45 0.070 452.74 + 91.58 472.28 + 71.71 0.526
TST (min) 405.46 + 69.96 358.60 + 52.289 0.123 378.10 £+ 65.83 402.23 £+ 69.51 0.421
SE (%) 84.75 £ 9.31 84.47 £11.12 0.873 85.30 +£ 11.80 84.07 £ 7.97 0.297
SL (min) 6.58 + 6.56 6.75 £+ 6.29 0.606 5.07 + 4.51 6.96 + 6.88 0.515
REML (min) 21.45 £+ 25.45 27.83 £ 20.14 0.191 21.60 + 19.03 25.37 £ 27.07 0.945
REM (%) 19.46 £ 7.16 20.75 £ 5.98 0.657 18.54 + 6.02 20.99 +£7.17 0.256
N1 (%) 11.78 + 9.22 09.46 + 7.97 0.572 8.99 +7.91 12.66 + 9.30 0.230
N2 (%) 47.21 £ 13.44 47.42 £ 20.02 0.344 54.66 + 16.81 41.07 £ 11.87 0.024
N3 (%) 20.06 + 9.23 23.71 £12.82 0.461 18.31 +7.92 23.85 +£11.98 0.102
WASO (min) 65.91 + 42.91 60.92 + 71.86 0.292 61.06 + 70.12 66.89 + 35.65 0.117

Data are presented as mean + standard deviation.

Abbreviations: TIB, time in bed; TST, total sleep time; SE, sleep efficiency; SL, sleep latency; REML, REM sleep latency; N1, Stage 1 of Non-REM Sleep; N2, Stage 2 of

Non-REM Sleep; N3, Stage 3 of Non-REM Sleep; WASO, wake after sleep onset.

Table 3
Cox proportional hazard model for time to narcolepsy diagnosis from symptom
onset.

Covariate Hazard Ratio (95 % CI) p-value
Sex” 0.436 (0.22, 0.88) 0.020
Age of symptoms onset 1.026 (0.99, 1.06) 0.140
Presence of Cataplexyb 1.537 (0.81, 2.91) 0.187

# Males = 0 and Female = 1.
b No cataplexy = 0; Presence of cataplexy = 1.

can expect [28-30]. The present study confirms a considerable delay in
narcolepsy diagnosis in women compared to men.

A key finding of our study is the longer diagnosis delay and the
higher rate of misdiagnosis in the female patients when compared to
male patients. Importantly, sex was the only factor that significantly
influenced diagnostic timeliness, even after considering the age of
symptoms onset, presence of cataplexy, and PSG features. Our results are
in line with previous studies that have associated female sex with a
greater diagnosis delay compared to men [13,14]. Zhang and colleagues
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also documented this phenomenon in a European multicentre cohort,
emphasizing that female patients frequently receive alternative di-
agnoses, including psychiatric disorders (e.g., depression, anxiety) and
epilepsy, before being correctly diagnosed with narcolepsy [16]. In our
cohort, no male patient presented a misdiagnosis before narcolepsy,
although an average diagnosis delay longer than 4 years. These findings
reinforce the hypothesis that the lack of symptoms recognition may
contribute significantly to the diagnosis delay, and to counteract this
issue, red flags for narcolepsy diagnosis have been released [31]. Several
factors may contribute to the diagnosis delays or misdiagnosis before
narcolepsy diagnosis. One key factor is the insufficient knowledge of the
disease among physicians, which creates barriers to suspect narcolepsy.
Similarly, the limited awareness of symptoms among adult patients can
lead to misdiagnosis, especially when more common or well-known
conditions, such as depression, are considered as potential causes.
Additionally, social and legal factors, such as reluctance to accept the
disease, fear of social or work-related limitations, and concerns about
losing a driver’s license, may further reduce patients’ motivation to
search for an accurate diagnosis.

The observed difference in average diagnosis delay in our study (8.05
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+ 7.71 years) compared to the previously reported delay of approxi-
mately 15 years [14,30,32,33], may, in part, reflect the increased
awareness and educational efforts aimed at improving the recognition
and diagnosis of narcolepsy. However, evidence suggests that while
some populations have experienced reductions in diagnosis delay over
time [28,30,34], this trend is not consistent across all groups. Zhang
et al. [16] reported a mean and median diagnosis delay of 9.7 and 5.3
years, respectively, but found no significant overall decline in diagnosis
delay at a population level, despite variations between countries. Unlike
prior studies suggesting an improvement in diagnostic timelines, Zhang
and colleagues [16] highlighted that such conclusions may be influ-
enced by methodological factors. Our findings further support the
persistence of substantial diagnostic barriers, particularly among female
patients, who continue presenting prolonged diagnosis delays.

Beyond diagnosis delay, sex differences in narcolepsy symptom-
atology have been explored in previous studies [13,35,36]. Considering
the comparisons within the subgroups of patients diagnosed with NT1
and NT2, no significant sex-related differences were observed in terms of
age at symptoms onset, cataplexy frequency, or MSLT data. Conversely
to our findings, previous studies have documented that females tend to
present the onset of symptoms earlier than man, with more frequent
cataplectic attacks, and greater sleepiness at the MSLT [13,35,36]. This
observation is notably conspicuous in animal studies [6,7,37], where
females often exhibit a more severe form of cataplexy and an earlier age
at onset. Despite these findings obtained in animal model studies,
conclusive evidence regarding sex-related differences in human narco-
lepsy remains limited. Gool and colleagues utilized an unsupervised
clustering approach to characterize central disorders of hypersomno-
lence, identifying a distinct clinical phenotype in female patients,
including mild cataplexy, hypnagogic hallucinations, and sleep paralysis
[38]. Similarly, Ferrazzini and colleagues demonstrated that daytime
sleepiness and BMI differed between sexes, with women presenting
higher subjective sleepiness scores compared to men [39]. These find-
ings emphasize the role of sex and age in shaping hypersomnolence
disorders and reinforce the necessity for sex-specific diagnostic and
therapeutic strategies. However, comprehensive systematic analyses
and controlled clinical trials specifically addressing sex-related varia-
tions in narcolepsy remain insufficient and warrant further
investigation.

This study has some limitations that need to be acknowledged.
Considering the retrospective design of the study, data collection was
only performed through the collection of information present on the
clinical charts, potentially omitting relevant clinical details. Nonethe-
less, several different objective parameters were evaluated, namely
polysomnographic, genetic and biofluid markers. Another limitation is
that the study was conducted at a single sleep medicine centre in central
Italy, which limited sample size and hampered the generalization of the
current findings. Moreover, the lack of differentiation between paedi-
atric and adult narcolepsy patients is another limitation. Given that
narcolepsy diagnosis exhibits two peaks—one in childhood/adolescence
and another in adulthood—future studies should separately examine
these populations to determine whether clinical features influence
diagnosis delay differently across age groups. Additionally, as some
experts suggest that NT2 may represent an heterogeneous condition
overlapping with idiopathic hypersomnia or NT1 without cataplexy, and
that its distinction remains uncertain [40,41], future research should
explore the implications of NT2, considering its diagnostic clarity and
potential impact on patient management. Finally, the relatively small
sample size may have affected the ability to detect sex-related differ-
ences in PSG parameters. While this study found that females had a
slightly shorter N2 stage than males, past studies reported that women
have higher total sleep time [13], better sleep efficiency [13,14],
decreased N1 [14], longer N2 and slow wave sleep duration [14], and
increased numbers of arousals [42] than men. The limited statistical
power may have prevented the identification of more subtle differences,
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highlighting the need for future studies with larger cohorts to validate
these findings. In conclusion, the present study highlights the persistent
issue of diagnosis delay in narcolepsy, particularly among female pa-
tients who experience a higher rate of misdiagnosis. These findings
reinforce the need for targeted educational programs and sex-specific
clinical guidelines to enhance symptom recognition in narcolepsy.
Future initiatives should prioritize increasing awareness among
healthcare providers and the general public to facilitate earlier diagnosis
and reduce the burden of misdiagnosis. Enhanced educational training
and awareness campaigns could significantly decrease diagnosis delay
and improve patient outcomes in narcolepsy.
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