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Narcolepsy: the impact of aging, hypocretin 
deficiency, and years of formal education in 
olfactory function and abdominal obesity
Narcolepsia: o impacto da idade, deficiência de hipocretina e anos de estudo na função 
olfatória e na obesidade central
Giselle de Martin TRUZZI1, Maria Fernanda NAUFEL1, Sergio TUFIK1, Fernando Morgadinho COELHO1,2

ABStrAct
Background: Narcolepsy is a disease resulting from the loss of hypocretin-producing cells or other dysfunctions of the hypocretinergic 
system. In addition to sleep disorders, affected patients may experience increased weight gain, olfactory changes, and poorer quality of 
life. Methods: This study aimed to investigate the relationship between narcolepsy and weight gain, years of study, sleep parameters, and 
olfactory dysfunction in patients with narcolepsy type 1 and narcolepsy type 2. Anthropometric, olfactory, socioeducational, and excessive 
daytime sleepiness evaluations were performed in 77 patients. Results: Greater weight gain and abdominal obesity were observed in 
patients with type 1 narcolepsy. Patients with higher education level had lower scores of daytime sleepiness, higher scores on the olfactory 
function test, and lower rates of abdominal obesity. Discussion: Patients with narcolepsy type 1 showed an increased body weight and 
abdominal obesity when compared to narcolepsy type 2. The patients with a higher schooling level showed a reduction of the daytime 
sleepiness scores, lower rates of abdominal obesity, and better scores on the olfactory function test. Conclusion: Among all the patients 
with narcolepsy, the data indicated that aging and hypocretin deficiency are associated with abdominal obesity, while years of study is the 
variable that mostly influences olfaction function.

Keywords: Disorders of Excessive Somnolence; Hyposmia; Central Obesity; Education; Orexin.

reSUMO
Antecedentes: A narcolepsia é resultante da perda de células produtoras de hipocretina ou da disfunção do sistema hipocretinérgico. 
Além dos distúrbios do sono característicos da doença, os pacientes afetados podem apresentar também aumento de peso, alterações 
olfatórias e pior qualidade de vida. Métodos: O objetivo do estudo é investigar a relação entre a narcolepsia e o ganho de peso, anos de 
estudo, parâmetros do sono e a disfunção olfatória em pacientes com narcolepsia tipo 1 e narcolepsia tipo 2. Foram realizadas avaliações 
antropométricas, do olfato, sociais, educacionais e da sonolência excessiva diurna nos 77 indivíduos participantes da pesquisa. Resultados: 
Foram observados, nos pacientes com narcolepsia tipo 1, maior ganho de peso e maior frequência de obesidade central. Pacientes com 
ensino superior apresentaram escores mais baixos de sonolência excessiva diurna, escores mais altos no teste de função olfatória e 
menores taxas de obesidade central. Discussão: Pacientes com narcolepsia tipo 1 apresentaram maior ganho de peso e obesidade central 
quando comparados aos com narcolepsia tipo 2. Os pacientes com maior escolaridade apresentaram menores escores de sonolência 
diurna, de obesidade central e melhores escores no teste da função olfatória. Conclusão: Nos indivíduos com narcolepsia tipo 1 e tipo 2, os 
dados indicaram que o envelhecimento e a deficiência de hipocretina estão associados à obesidade central, enquanto anos de estudo é a 
variável que mais influencia na função olfatória.

Palavras-chave: Distúrbios do Sono por Sonolência Excessiva; Hiposmia; Obesidade Central; Educação; Orexina.

iNtrODUctiON

Narcolepsy is an autoimmune disease that causes exces-
sive daytime sleepiness (EDS). The affected individuals may 
also present cataplexy, hypnagogic and/or hypnopompic 

hallucinations, sleep fragmentation, and sleep paralysis. 
The first symptoms usually occur in adolescents and young 
adults, and the diagnosis is made, on average, 10.5 years after 
the onset of symptoms1. In addition to the clinical manifes-
tations of narcolepsy, electrophysiological tests ( full-night 

2020-0352

https://orcid.org/0000-0002-2051-8259
https://orcid.org/0000-0001-8773-811X
http://orcid.org/0000-0002-3804-8865
https://orcid.org/0000-0002-8482-3754


809Truzzi GM, et al. Narcolepsy: impact of age and hypocretin on obesity.

Truzzi GM, et al. Narcolepsy: impact of age and hypocretin on obesity.

polysomnography followed by the Multiple Sleep Latency 
Test (MSLT)) are necessary to confirm the sleep disorder. For 
the diagnosis of narcolepsy, the results needed are a mean 
sleep latency of up to 8 minutes and two or more sleep onset 
REM periods (SOREMPS) in the MSLT. In patients with clini-
cal manifestations, in addition to electrophysiological tests, 
hypocretin levels (Hcrt-1) can be measured in cerebrospinal 
fluid (CSF). If the CSF has a Hcrt-1 concentration of less than 
110 pg/mL or less than 1/3 of the average levels obtained in 
individuals without narcolepsy, the individual may be diag-
nosed with type 1 narcolepsy (NT1)2.

Although the loss of hypocretinergic cells is more pro-
nounced in NT1, it can also occur in type 2 narcolepsy 
(NT2), but the levels still do not drop to levels below nor-
mal3. In humans, lower levels of Hcrt-1 were associated with 
narcolepsy, increased sleepiness, higher frequency of HLA-
DQB1*0602, shorter sleep latency, and REM sleep latency4. 
Genetic predisposition seems to play a role in narcolepsy 
pathogenesis5,6.

The changes in the hypocretin system affect the sleep/
wake state and contribute to worsening sleep quality and 
quality of life. The disease is associated with stigmatization in 
work and study environments, higher occurrence of comor-
bidities, and a greater number of psychiatric disorders7. 
Patients with narcolepsy may also have some degree of olfac-
tory dysfunction8–10. Although hypocretin cells are located in 
the lateral hypothalamus, hypocretin and its fibers can be 
detected in the olfactory pathway, suggesting that hypocre-
tin may play a role in modulating the olfactory message11. 
There is also an increase in overweight and obesity rates in 
individuals with narcolepsy, showing that dysfunction in the 
hypocretinergic system could have effects on the individual’s 
energy balance12. 

This study aimed to investigate the relationship between 
narcolepsy and patients’ sociodemographic conditions, such 
as years of schooling and age. We also evaluated olfactory 
dysfunction and body composition of individuals through 
anthropometric and bioimpedance measurements in order 
to assess total and abdominal obesity, and EDS and olfaction 
in patients with NT1 and NT2.

MetHODS

Study design and population
A cross-sectional study was conducted with patients diag-

nosed with narcolepsy. Ethical approval was granted by the 
Ethics Committee of the Universidade Federal de São Paulo 
(UNIFESP) (CEP: #1348/2017), and all participants signed the 
informed consent. 

Seventy-seven patients with narcolepsy from the outpa-
tient clinic of Excessive Daytime Sleepiness of Departamento 

de Psicobiologia of UNIFESP were included. The study data 
were collected between the years 2017 and 2019. Fifty-six 
of participants were diagnosed with NT1 and 21 with NT2, 
and all of them were aged 18 years or older. The diagnosis 
was performed according to the American Academy of Sleep 
Medicine (ICSD-3) criteria and all the participants were 
under continuous and monitored treatment. 

Besides the application of the Epworth Sleepiness Scale, 
the diagnosis of narcolepsy was confirmed in all partici-
pants by a full-night polysomnography followed by a MSLT. 
Moreover, all patients were investigated for the presence of 
allele HLA-DQB1*0602 and CSF levels of Hcrt-1 by radioim-
munoassay test kits.

Sociodemographic data (age, gender, years of study) and 
clinical parameters such as EDS, olfactory dysfunction, body 
mass index, waist-to-hip ratio, and waist-to-height ratio were 
assessed to evaluate factors that might predict the comorbid-
ities of olfactory dysfunction and abdominal obesity. Exercise 
habits and the use of medications were also noted. For the 
study, we considered the use of antidepressants, stimulants, 
and L-carnitine. Stimulant drugs (such as Modafinil and 
Methylphenidate) are widely used medications in patients 
with narcolepsy to control EDS and a few antidepressants are 
used to control cataplexy and hallucinations13. It is important 
to note that we did not specify which patients used antide-
pressants due to narcolepsy symptoms or for depression only. 
L-carnitine has been shown to improve narcolepsy symp-
toms and was prescribed for part of our patients with contra-
indications to stimulants use14.

Daytime sleepiness assessment by epworth 
sleepiness scale

Daytime sleepiness was measured by the Epworth 
Sleepiness Scale (ESS). The ESS consists of a self-adminis-
tered questionnaire with 8 questions, where patients are 
asked to rate their usual chances to fall asleep or dozing off 
in everyday situations. The total score can range from 0 to 24, 
and higher scores indicated increased daytime sleepiness. A 
score above 10 indicates the possibility of daytime sleepiness. 
A Portuguese-language version of the ESS, which was vali-
dated for use in Brazil, was applied in our patients15.

Anthropometric assessments
A trained dietitian performed all the measurements 

that included body mass (kg), height (cm), body mass index 
(BMI), waist circumference (cm), hip circumference (cm), 
waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR). 
Our objective was to investigate the incidence of total and 
abdominal obesity.

BMI was calculated by the formula weight (kg)/heigh2 (m2) 
and classified according to the World Health Organization 
parameters: underweight (<18.5 kg/m2), eutrophic (18.5-24.9 
kg/m2), overweight (25.0-29.0kg/m2), and obese (≥ 30.0 kg/



810 Arq Neuropsiquiatr 2021;79(9):808-815

m2). Overweight and obesity increases the risk of coronary 
heart disease, ischemic stroke, and type 2 diabetes mellitus16.

Besides, WHR above the cut off values (> 0.85 for females 
and > 0.90 for males for WHR) and WHtR above >0.50 for 
both males and females indicates abdominal obesity, which 
is associated with a higher incidence of coronary heart dis-
ease and type 2 diabetes17,18.

Olfactory assessment
The University of Pennsylvania Smell Identification Test 

(UPSIT) was used to evaluate olfaction. The version of the 
UPSIT that was used in our study was standardized for the 
Portuguese language and adapted for the Brazilian culture. 
The 40-item UPSIT is a multiple-choice test used to measure 
the ability for odor identification. UPSIT consists of 4 booklets 
with 10 pages each, containing different “scratch and sniff ” 
odorant strips. To identify the odor of each page, the patient 
chooses 1 out of 4 possible answers. Higher test scores indi-
cate better olfactory function. The scores range from 0 to 40, 
and the total score allows the classification of the olfaction 
acuity as “anosmia”, “severe microsmia”, “moderate micros-
mia”, “mild microsmia” and “normosmia”. 

The routine ear, nose, and throat examination was per-
formed in all participants before the UPSIT, to confirm that 
they had no problem that could invalidate the test19.

exclusion criteria
Exclusion criteria included disagreement in participat-

ing, possible pre-existing hyposmia due to causes such as 
nasal surgeries, nasal diseases, active infections, a history 
of tumors, traumatic brain injury, epilepsy, multiple scle-
rosis, Parkinson’s disease, Alzheimer’s disease, Lewi Body 
Dementia, and other memory disorders. Patients with pace-
makers and women who were pregnant were also excluded.

Statistical analysis
Statistical analysis was performed using SPSS ver. 18.0 

(IBM, Armonk, NY, USA). The Shapiro-Wilk test was used to 
check normality. The Student’s t test was applied for the com-
parison of the parametric variables, which are presented as 
mean-standard error. The Mann-Whitney U test was used 
to compare differences between nonparametric variables, 
and these data are presented as medians (minimum-maxi-
mum). Categorical variables are showed as percentage and 
were compared by the Chi-square test. The Pearson’s correla-
tion coefficient was used to compare the correlation between 
subjective sleep (assessed by the ESS), anthropometric, and 
clinical parameters. The variables that showed significant 
correlations in the Pearson’s univariate analyses were tested 
in multivariate linear regression analyses, to evaluate signif-
icant predictors for waist-to-hip ratio and UPSIT score. All 
the patients were included in both the univariate and multi-
variate analyses. Sample size was calculated for a statistical 

power of 0.85, an effect size of 0.19, an alpha level of 0.05, and 
3 predictors. A total of 69 volunteers with narcolepsy was the 
required sample size. Statistical significance was set at a level 
of p<0.05.

reSUltS

Compared to patients diagnosed with NT2, the NT1 group 
had higher mean age (P=0.0434) and lower sleep latency 
(P=0.0114), Hcrt-1 levels (P<0.00001) and exercise habits 
(P=0.0496), whereas UPSIT scores, BMI, WHR, WHtR, posi-
tive HLA allele prevalence, and use of antidepressant were 
higher (Table 1). 

Table 2 shows that ESS was negatively correlated with 
years of study, while years of study was also negatively cor-
related with age (P<0.001) and WHR but positively correlated 
with UPSIT scores (P<0.001) and height (P=0.025). The age 
of the patients was negatively correlated with years of study 
(P<0.001) and positively with WHR (P<0.001).

As shown in Table 2, UPSIT score was positively corre-
lated with years of study (P<0.001). Significant negative corre-
lations were found between WHR and Hcrt-1 levels (P=0.004), 
and years of study, while a negative correlation was found 
between WHR and age (P<0.001).

The linear regression model that had WHR as the depen-
dent variable, is shown in Table 3. The independent variable 
years of study (P=0.11) was removed as it showed non-sig-
nificant influence. The final model explained 33% of WHR 
variations (3 predictors, R=0.57, R2=0.33, adjusted R2=0.30, 
F2,50=12.34, statistical power=0.99, P<0.0001) and showed that 
age (P=0.0031) and Hcrt-1 levels (P=0.025) were positively 
associated with WHR.

From linear regression model for UPSIT scores as the 
dependent variable (Table 4), the variable height (P=0.32) 
was removed after the analysis showed non-significant influ-
ence. The final model explained 16% of UPSIT variations (2 
predictors, R=0.39, R2=0.16, adjusted R2=0.14, F1,72=13.30, sta-
tistical power=0.79, P<0.0005), showing that years of study 
(P=0.0005) was positively associated with UPSIT scores. The 
regression models explained only partially the variations in 
WHR and UPSIT scores.

DiScUSSiON

We found that patients with NT1 had a significantly 
higher BMI compared with patients with NT2; moreover, the 
median BMI value of NT1 was higher than the cut off point 
for obesity, while the BMI of the NT2 group was within the cut 
off points. Furthermore, the WHR was greater in NT1 indi-
viduals compared to the NT2 group, and the WHR of the NT1 
group was also higher than the cut off points, showing that 
these patients have a higher prevalence of abdominal obesity. 
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table 2. Pearson correlation coefficients between sleep, anthropometric, and clinical parameters.

ESS YS UPSIT WHR

Pearson 
correlation

P
(2-tailed)

Pearson 
correlation

P
(2-tailed)

Pearson 
correlation

P
(2-tailed)

Pearson 
correlation

P
(2-tailed)

Hypocretin 0.1920 0.182 0.1923 0.182 0.1001 0.447 -0.4320 0.004

ESS – – -0.3360 0.008 -0.0616 0.634 0.1969 0.125

Age 0.1985 0.122 -0.4340 0.000 -0.0098 0.940 0.4376 0.000

UPSIT -0.0616 0.634 0.4695 0.000 – – -0.1693 0.181

WHR 0.2023 0.109 -0.3731 0.002 -0.1639 0.203 – –

WHtR 0.1589 0.210 -0.0844 0.507 -0.1604 0.206 0.2298 0.068

Height -0.0284 0.763 0.2799 0.025 0.2297 0.072 0.1595 0.208

YS: Years of formal education; ESS: Epworth Sleepiness Scale; WHR: Waist-to-Hip Ratio; WHtR: Waist-to-Height Ratio. *p < 0.05.

table 4. Linear regression model for predictors of UPSIT among 77 patients with narcolepsy.

Dependent variable: UPSIT

Predictors Beta coefficients Standard error P

Years of Formal Education 0.473 0.130 0.0005

Intercept 25.412 1.892 0.0000

R=0.39; R2=0.16; adjusted R2=0.14; F1,72=13.30; P<0.0005 The model was adjusted for Height (P=0.32).

table 3. Linear regression model for predictors of WHR among 77 patients with narcolepsy.

Dependent variable: WHR

Predictors Beta coefficients Standard error P

Age 0.0032 0.001 0.0031

Hypocretin -0.0002 0.000 0.0025

Intercept 0.7881 0.043 0.0000

WHR: Waist-to-Hip Ratio; R=0.57; R2=0.33; adjusted R2=0.30; F2,50=12.34; P<0.00004. The model was adjusted for Years of Study (P=0.11).

table 1. Clinical, anthropometric and sociodemographic characteristics, diagnostic test, lifestyle habits, and use of medications 
of patients with NT1 e NT2.

Narcolepsy type 1,
n=56

Narcolepsy type 2,
n=21 P

Age (years)b 38.5 (32- 47.5) 30.0 (26 - 42) 0.0434

Years of formal educationa 13.4 ± 0.7 15.0 ± 0.6 0.1588

Gender (male)c 41.1 27.3 0.2565

UPSIT(score)b 31.7 (10 - 39) 34.0 (16 - 39) 0.7101

Sleep latencya* 2.7 ± 0.4 4.89 ± 0.76 0.0114

SOREMPSa 3.35 ± 1.43 2.40 ± 1.0 0.0095

HLA-DQB1*0602 (positive)c 73.6 47.6 0.0332

Epworth sleepiness scaleb 19 (1 - 24) 13 (4 - 23) 0.0010

Hypocretin-1 (pg/mL)b 27.7 (0 - 142) 349.3 (139 - 435) <0.0000

Body mass index(kg/m2)b 31.3 (20.6 - 45,5)* 23.3 (15.5 - 38.1)* <0.0001

Waist-to-Hip Ratioa 0.89 ± 0.01 0.80 ± 0.02 0.0028

Waist-to-Height Ratiob 0.66 (0.55 - 0.89) 0.61 (0.49 - 0.76) 0.0014

Regular exercisec 28.0 52.4 0.0496

Antidepressant usersc 73.6 47.6 0.0332

Stimulant usersc 66.0 52.4 0.2748

L-Carnitin usersc 9.3 9.5 0.9905

The data is presented as amean±standard error, bmedian (minimum-maximum) or cpercentage; and was analyzed by aStudent’s t test or bMann-Whitney U test 
or cChi-Square test. Bold values indicate statistical significance. Years was described as median (lower and upper quartile). Sleep latency and SOREMPs (Sleep 
Onset REM Periods) were assessed by the Multiple Sleep Latency Test. *BMI classification: NT1 – Obesity; NT2 – Eutrophy. WHR classification: Adequate for 
men with NT1 and NT2 and increased for women with NT1. WHtR (Waist-to-Height Ratio) classification: increased for both NT1 and NT2.
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These data are in agreement with previous studies showing 
increased fat mass and abdominal obesity in patients with 
hypocretin deficiency, when comparing to both healthy pop-
ulation and patients diagnosed with NT220. WHtR was above 
the cut off values for both groups, which indicates a higher 
volume of visceral fat even in patients with NT2. It has previ-
ously been established that there is a tendency towards cen-
tral obesity in all patients with narcolepsy21.

WHR and WHtR are anthropometric measures that can be 
used to predict abdominal adiposity22. Other measures such 
as sagittal abdominal diameter and imaging tests can also be 
used. Several studies show that adiposity may be related to 
individuals’ sociodemographic factors. In a Brazilian study 
it was observed that increased income was associated with 
greater waist and hip measurements in men. In women, 
lower income was associated with higher WHR23.

The negative association between WHR and Hcrt-1 lev-
els, found in the linear regression model, confirms that Hcrt-1 
deficiency leads to an increased proportion of abdominal fat, 
corroborating with a decreased health-related quality of life 
and increased mortality rate in patients with NT1. Although 
we included all patients with narcolepsy in the regression 
analysis, the results demonstrates that patients with NT1 
have greater abdominal obesity when compared to NT2 
patients, and patients with NT1 have lower CSF levels of 
Hcrt-1.

Indeed, patients with NT1 have also a higher incidence 
of dyslipidemia, hypertension, glucose intolerance, diabetes, 
obstructive sleep apnea, metabolic syndrome, and endocri-
nopathies24,25. Children with narcolepsy have a higher preva-
lence of obesity and exhibit a reduced basal metabolic rate 
when compared to individuals not affected by the disease26. In 
addition, puberty was observed at a younger age in patients 
with narcolepsy, even when compared to obese individuals 
without narcolepsy. It was also observed that the earlier onset 
of narcolepsy was associated with early puberty27.

Hypocretin is linked to the pathogenesis of narcolepsy 
and its deficiency is probably related to weight gain. In 
humans, hypocretin is produced by approximately 50,000 
to 80,000 neurons in the lateral hypothalamus28. Hypocretin 
receptors are expressed in several areas of the central nervous 
system, and also in peripheral organs and tissues like ovaries, 
adrenal glands, thyroid, testis, kidney, jejunum, lung, adrenal, 
and pituitary gland. The wide distribution and interaction of 
hypocretin receptors with different systems and modulators 
suggest their involvement in different functions. Among them 
is sleep/wake regulation, thermoregulation, eating behavior, 
cardiovascular responses, among others. Hypocretin still 
plays an important role in motivation, reward-seeking behav-
ior, and possible changes in eating behavior. 

The relationship between Hcrt-1 and obesity in humans 
is complex. Models show that factors such as sleep/wake-
fulness status, quality of sleep, physical activity levels, and 
food intake can be affected by changes in the hypocretinergic 

system, causing weight gain in the affected group to be mul-
tifactorial12. In our study, we found that patients with Hcrt-1 
deficiency (NT1) are less likely to exercise (only 28% of indi-
viduals with NT1 exercise regularly) corroborating with this 
hypothesis.

Patients with narcolepsy can also have higher frequency 
of binge eating and a greater desire to consume food. These 
individuals have also higher rates of eating disorders, such 
as anorexia or bulimia nervosa, when compared to healthy 
controls. In a particular study, when patients with NT1 were 
exposed to unrestricted access to snacks, they consumed 
more calories than the control group, which could be an indi-
cation of lower satiety in the affected group29. Thus, patients 
with NT1 are more frequently affected by eating disorders and 
greater weight gain, which must be monitored and treated to 
avoid complications and comorbidities.

Antidepressants, Methylphenidate, Modafinil, and 
Lysdexamphetamine were used to treat our narcolepsy 
patients. It is known that Sodium Oxybate, a medication with 
a potent anticatapletic effect, decreases BMI in patients with 
narcolepsy12. However, as the medication is not yet approved 
in Brazil, this benefit is not possible for our sample. Despite 
not widely used by individuals included in the study, some 
antidepressants could lead to weight gain, worsening the 
condition of patients with narcolepsy.30

Regarding years of study, there was no significant dif-
ference between individuals with NT1 and NT2 (12% of the 
patients completed elementary school, 31% completed high 
school, 30% completed higher education, and 14% com-
pleted graduate school). The average years of study were 14.01 
for women and 13.55 for men. The educational level of the 
affected group was above the national average of 9.96 years, 
but close to the values of the state of São Paulo (13.23 years), 
where the research was carried out. The age of the patients 
correlates negatively with the years of formal education. A 
possible explanation for the finding is that the access of for-
mal education has increased in recent years in Brazil31.

In previous studies, no differences were found in years of 
formal education between patients diagnosed with narco-
lepsy and healthy controls, even though individuals with nar-
colepsy reported more difficulties with attention and concen-
tration. They may show worse performances in activities with 
cognitive demand, but the alteration is related to the sleep-
iness presented by these individuals and not to a cognitive 
dysfunction. Individuals who were correctly diagnosed with 
narcolepsy soon after the onset of symptoms had lower rates 
of unemployment and inactivity and a higher level of educa-
tion than those whose diagnosis took longer. People with nar-
colepsy also have lower employment rates when compared 
to controls32.

Most previous studies that compared people with and 
without narcolepsy regarding years of formal education 
found no differences between the groups. Nevertheless, liter-
ature is poor in studies comparing the years of study between 
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NT1 and NT2. Our results showed that patients with NT1 had 
higher EDS due to higher severity of the disease. Although 
NT1 patients could face more difficulties in formal educa-
tion due to the EDS, there was no difference between the two 
groups33.

The present study found a negative correlation between 
WHR and educational levels, similar to what is described in 
the literature for individuals without narcolepsy. In children 
with narcolepsy, obesity was associated with school absen-
teeism34. Data on the association between obesity and years 
of study in patients with narcolepsy are scarce in the litera-
ture. To the best of our knowledge, our study is the first to 
investigate the association between abdominal obesity and 
years of study in patients with narcolepsy.

Studies have shown, in individuals without narcolepsy, 
an inverse correlation between education levels and obe-
sity,  though some found this correlation to be present in 
women but not men. In women there is an inverse associ-
ation between years of study and abdominal obesity. It was 
observed that women with higher education gained less 
weight over the years. Obesity during childhood, however, 
can be a factor that influences schooling and was associated 
with fewer years of study in early adulthood35.

The mean levels of hyposmia were mild in both groups, 
and a direct correlation between the number of correct 
answers at UPSIT and the level of formal education was 
found. Moreover, the linear regression model implied that for 
every one-unit of Years of Study the UPSIT score increases 
by 0.5. Studies have shown that less years of education was 
correlated to a decrease in UPSIT scores in adults and in the 
elderly. Individuals evaluated by the Sniffin’ Sticks, another 
olfactory test, had also worse scores when they had fewer 
years of study. Some of the hypotheses that might explain 
these differences are that people with fewer years of educa-
tion could have been less exposed to various odors, or they 
could have a worse understanding of the proposed olfactory 
test36.

Although we observed better UPSIT scores in patients 
with NT2 when compared to NT1, these data were not sta-
tistically significant. 

Neurodegenerative diseases with autonomic disorders 
can be implicated in hyposmia37. There is also an increase in 
REM sleep behavior disorder and dysautonomy in question-
naire evaluations38. Dysautonomy correlates with systemic 
changes, having an effect not only on the olfactory function 
but also in body composition and in the increased risk of car-
diometabolic diseases.

Thus, the loss of hypocretin cells could impact the olfac-
tory system. There is an extensive distribution of the hypo-
cretinergic system (in the cortex, olfactory bulb, basal gan-
glia, amygdala, locus coeruleus, raphe nuclei, parabrachial 
nuclei, substantia nigra, and reticular formation)39. Although 
we have also observed olfactory alterations in patients 
diagnosed with NT2, it is not possible to explain with the 

hypocretin deficiency theory. Thus, further studies with NT2 
patients are needed to verify and explain its possible olfactory 
dysfunction.

The ESS is a subjective test that assesses the patient’s level 
of sleepiness, and patients with narcolepsy achieve higher 
scores in comparison with healthy individuals. In this study, 
we observed that the mean ESS value was significantly higher 
in patients with NT1 when compared with those with NT2, 
while the sleep latency was lower in the NT1 group. Patients 
diagnosed with NT1 present marked changes in the hypo-
cretinergic system, which lead to a severe form of the disease. 
Therefore, it is expected that these patients present a higher 
level of drowsiness and a decreased sleep latency when com-
pared to patients with NT240. As expected, there were higher 
numbers of SOREMPS in patients with NT1.

Higher scores on the ESS are related to a greater number 
of SOREMPS in the MSLT. In patients with sleepiness, the ESS 
can be used in association with other tests for the assessment 
and evaluation of the degree of the daytime sleepiness. In 
these individuals, assessing the effectiveness of the purposed 
drug treatment may also help41. It is important to emphasize, 
however, that ESS should not be used as a single tool for the 
classification of excessive sleepiness, as it may be influenced 
by other factors, such as depression and anxiety42, and must 
be accompanied by other evaluation criteria43.

Our study showed an inverse correlation between years of 
study and the ESS score. There are few data in the literature 
on the relationship between those two variables. One study 
found ESS to be valid to assess excessive sleepiness in indi-
viduals with various sleep disorders, including narcolepsy, 
regardless of the patients’ educational level44. 

Considering the years of study and ESS scores, there is a 
possibility that the relationship was found due to an incor-
rect understanding of the test by patients with lower edu-
cational level. It is important to highlight, however, that the 
physician-administered ESS was used for all patients in the 
present research, following a previous explanation of the test, 
to facilitate the understanding. In another study, researchers 
found no differences between schooling and ESS score results 
when doctors applied the test. This difference, however, was 
observed when the test was self-administered45.

The age difference between the groups with NT1 and 
NT2 is a limitation of the study, as patients with NT1 were, 
on average, older than those with NT2. Since obesity tends 
to increase with age, this may be a factor that changes the 
results of the study. The age difference may influence the 
scores of ESS found in elderly patients46. However, consider-
ing the difference in the average age of 30 and 39 years in the 
two groups, this would not represent an important bias in the 
research.

In conclusion, the present findings showed an increase 
in body weight and abdominal obesity in patients with NT1, 
compared to NT2. Patients with narcolepsy with a higher 
schooling level showed lower daytime sleepiness scores, 
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lower rates of abdominal obesity, and better scores on the 
olfaction function test. The data indicate that the aging 
process and the hypocretin deficiency are associated with 
abdominal obesity, while the years of study was the variable 
that mostly influenced olfaction function. Despite the already 
established correlation between narcolepsy and weight gain 
and excessive sleepiness, the authors believe it is important 
to evaluate the influence of education level and social factors 
on these aspects. Furthermore, it is important to monitoring 
weight gain and abdominal obesity when treating patients 

with narcolepsy. Further studies are necessary in order to bet-
ter understand these findings.
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