METABOLIC ALTERATIONS IN NARCOLEPSY-CATAPLEXY

Body Mass Index-Independent Metabolic Alterations in Narcolepsy with Cataplexy
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Study Objectives: To contribute to the anthropometric and metabolic phenotyping of orexin-A-deficient narcoleptic patients, and to explore a pos-
sible risk of their developing a metabolic syndrome.

Design: We performed a cross-sectional study comparing metabolic alterations in patients with narcolepsy with cataplexy (NC) and patients with
idiopathic hypersomnia without long sleep time.

Setting: University hospital.

Patients: Fourteen patients with narcolepsy with cataplexy and 14 sex and age-matched patients with idiopathic hypersomnia without long sleep time.
Interventions: N/A.

Measurements and results: Metabolic parameters were evaluated by measuring body mass index (BMI), waist circumference (also with abdomi-
nal computed tomography), blood pressure, and daily calorie intake (3-day diary). Chronotypes were assessed through the morningness-evening-
ness questionnaire. Lumbar puncture for cerebrospinal fluid orexin-A determination and HLA typing were performed. Patients with narcolepsy with
cataplexy (all HLA DQB1*0602 positive and with cerebrospinal fluid orexin-Alevels < 110 pg/mL) had a higher BMI and BMI-independent metabolic
alterations, namely waist circumference, high-density lipoprotein cholesterol, and glucose/insulin ratio (an insulin resistance index), with respect
to patients with idiopathic hypersomnia without long sleep time (cerebrospinal fluid orexin-A levels > 300 pg/mL). Despite lower daily food intake,
patients with narcolepsy with cataplexy displayed significant alterations in metabolic parameters resulting in a diagnosis of metabolic syndrome in
more than half the cases.

Conclusions: BMI-independent metabolic alterations and the relative hypophagia of patients with narcolepsy with cataplexy, as compared with
patients with idiopathic hypersomnia without long sleep time, suggest that orexin-A influences the etiology of this phenotype. Moreover, consider-
ing that these dysmetabolic alterations are present from a young age, a careful metabolic follow-up of patients diagnosed with narcolepsy with

cataplexy is mandatory.
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NARCOLEPSY WITH CATAPLEXY (NC) IS ARARE SLEEP
DISORDER CHARACTERIZED BY EXCESSIVE DAYTIME
SLEEPINESS; CATAPLEXY (SUDDEN LOSS OF MUSCLE
tone triggered by emotions); other abnormal rapid eye movement
(REM) sleep phenomena, such as sleep paralysis and hypnagog-
ic hallucinations; and disturbed nocturnal sleep.! Human NC is
linked to a lack of orexin-A (also called hypocretin-1)-producing
neurons® located in the posterolateral hypothalamus. Low or un-
detectable cerebrospinal fluid (CSF) orexin-A concentrations are
highly specific and sensitive for human NC.*7 Orexin-A is not
only involved in sleep regulation but also has been implicated in
a number of behavior and neuroendocrine actions,*’ including
the modulation of feeding behavior and energy balance.'*!
Accordingly, patients with NC display additional clinical
symptoms besides REM-sleep abnormalities. Patients are of-
ten overweight or obese,'>"* and many studies showing an in-
creased body weight or body mass index (BMI) for patients
with NC and an increased prevalence of type 2 diabetes in this
population have been published in recent years.'*** An interest-
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ing association between the obese phenotype and a decreased
food intake among narcoleptic subjects has also been report-
ed.”! Nevertheless, endeavors to explain this paradox through
the peripheral role of other peptides and/or hormones (eg, lep-
tin) have thus far failed to yield results.?>** There is no clear-
cut evidence among NC subjects regarding the hypothesis of a
lower energy rate or basal energy metabolism.>?¢ Lastly, sev-
eral recent have attempted to relate the higher BMI to a feeding
behavior disorder, with controversial results.?>272® Thus, it can
be inferred that, along with sleep-wake dysregulation, patients
with NC often develop dysmetabolic phenotypes.

One aim of our study was to provide an exhaustive descrip-
tion of the anthropometric, metabolic, and food-behaviour
phenotypes of drug-naive patients with NC by comparing their
metabolic profile with that of patients diagnosed with idiopath-
ic hypersomnia without long sleep time (IH), another central
hypersomnia, but one that is not related to a lack of orexin-A. A
further aim of the study was to establish whether the metabolic
alterations in patients with NC also meet the criteria for a diag-
nosis of metabolic syndrome.

METHODS

General Study Design
A cross-sectional case-control study was performed com-
paring 14 NC with 14 patients with IH. The 2 groups were
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sex and age matched; all patients were of Caucasian origin,
in a postpubertal state, and drug naive. The diagnoses were
made according to the International Classification of Sleep
Disorders, and brain magnetic resonance imaging studies
were carried out to exclude hypersomnia due to other medi-
cal conditions.! Further exclusion criteria were brain lesions
(confirmed by brain magnetic resonance imaging), psychiatric
disorders,” clinical diagnosis of restless legs syndrome,* and
polysomnographic diagnosis of obstructive sleep apnea syn-
drome. None of the patients had hyperprolactinemia, Cushing
syndrome, congenital adrenal hyperplasia, thyroid dysfunc-
tion or other endocrine diseases, or cardiovascular, renal or
liver diseases.

All subjects were recruited from consecutive patients re-
ferred for daytime sleepiness to the Sleep Disorders Center,
Department of Neurological Sciences, University of Bologna,
Italy. The study was approved by the local ethics committee.
All patients gave their written informed consent before entry
into the study.

Patients

NC Patients

Fourteen patients—diagnosed with NC—had excessive
daytime sleepiness for at least 3 months, as assessed with an
Epworth Sleepiness Scale pathologic score (i.e., > 11).3! Clear-
cut cataplexy was clinically diagnosed by a neurologist with
a structured interview focused on detailed descriptions of
the attacks, their length, frequency, trigger factors, and parts
of the body involved.** The presence of possible hypnagogic
hallucinations and sleep paralysis was ascertained by history
taking. Confirmation of instrumental diagnosis included con-
tinuous 48-hour polysomnography performed in a free-running
condition, followed by a diagnostic multiple sleep latency test
(MSLT), i.e., at least 2 sleep-onset REM periods and a mean
sleep latency within 8 minutes.

IH Patients

Fourteen patients—diagnosed with I[H—had excessive day-
time sleepiness for at least 3 months assessed with an Epworth
Sleepiness Scale pathologic score (i.e., > 11). Confirmation of
instrumental diagnosis included continuous 48-hour polysom-
nography, i.e., a nocturnal sleep lasting more than 6 and less
than 10 hours during the baseline night (the night after the adap-
tation night) and a diagnostic MSLT, i.e., fewer than 2 sleep-on-
set REM-sleep episodes during MSLT and a mean sleep latency
of 8 minutes or less.

Sleep Assessment

Two weeks before hospital admission, patients underwent
night-sleep portable cardiorespiratory monitoring and filled out
a restless legs syndrome questionnaire. Patients with an apnea-
hypopnea oxygen desaturation index of 5 or more, a clinical
diagnosis of restless legs syndrome,*” or both an elevated index
and a diagnosis of restless legs syndrome were not included.

The patients were also asked to keep a sleep diary for 1
week to assess subjective nocturnal sleep time and length,
awake time, time and length of possible diurnal naps, and the
morningness-eveningness questionnaire.’® Patients with an al-
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tered circadian rhythm or cases at the extremities of the chrono-
type classification (namely extremely morning and extremely
evening chronotypes) were excluded.

During their hospital stay, each patient was studied with con-
tinuous 48-hour polysomnogram, followed by a 5 nap-opportu-
nity MSLTs. Polysomnography and MSLT were carried out after
an adaptation night, in a standard sound-attenuated room, with
continuous video-recording monitoring. The baseline night was
considered the polysomnography recording after the adaptation
night: lights-off time was based on individual habitual bedtime
and ranged between 2130 and 2330; patients were allowed to
sleep until they awoke spontaneously in the morning (i.e., free-
running condition). MSLT was performed on the fourth day: the
patient was awakened at 0730 and the 5 nap-opportunity tests
started at 0930.*

During the 48-hour polysomnography recording, patients
were allowed to sleep during the daytime whenever they want-
ed. They were not allowed to leave their rooms, except to go to
the restroom, and were not allowed to drink caffeinated bever-
ages. Three meals were eaten in the room at fixed times.

Cataplexy was identified according to its definition as sud-
den bilateral loss of muscle tone triggered by sudden emotions.
In particular, the following restrictive diagnostic clinical cri-
teria for cataplexy were used: (a) loss of muscle tone with the
visible effect or involvement of other muscle groups in addi-
tion to legs, (b) duration of attacks shorter than 10 minutes, (c)
preservation of consciousness, and (d) frequency of attacks (> 1
per week).?

Anthropometric, Biochemical, and Hormone Assessments

After the NC or IH diagnosis, each patient was also exam-
ined by the endocrinology team and had a complete clinical
examination, focused on endocrine aspects. Height, weight,
waist circumference (halfway between the lower rib and the
crista iliaca), and hip circumference (the maximum value over
the buttocks) were measured. BMI was evaluated according to
the World Health Organization classification.*> Waist-to-hip ra-
tio was calculated according to standard procedures. Addition-
ally, a measurement of body fat distribution using computed
tomography was also performed between lumbar vertebrac L4
and L5 to estimate total, visceral, and subcutaneous adipose
tissue areas. Clinostatic systolic and diastolic blood pressure
and heart rate were measured. At home, a 3-day food diary was
also kept by each patient. The daily energy intake; the type of
single foods, condiments and sweeteners; and the macronutri-
ent composition of the diet consumed in 3 consecutive days
were evaluated.

Blood samples were collected after patients had fasted from
midnight onward. Baseline blood samples were taken from an
antecubital vein between 0700 and 0830 for biochemical and
hormone determinations. The determinations included circulat-
ing concentrations of total, high-density lipoprotein (HDL), and
low-density lipoprotein (LDL) cholesterol; triglycerides; fast-
ing plasma glucose; basal insulin; and leptin. An oral glucose
tolerance test was also performed, with blood samples taken at
baseline and 30, 60, 90, 120, and 180 minutes after the glucose
load (75 gm) for glucose measurement and at baseline and 60,
120, and 180 minutes for insulin. All samples were immedi-
ately chilled on ice and centrifuged; serum or plasma aliquots
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were frozen at -80°C until assayed. In
addition, a blood sample was taken from
each patient for HLA DQB1*0602 hap-
lotype determination; patients also un-
derwent a lumbar puncture for orexin-A
CSF measurement after they sigend an
additional informed consent form.

Assay

Plasma glucose levels were deter-
mined by the glucose-oxidase method.
To measure peptide circulating levels,
blood samples were collected in chilled
Vacutainer tubes containing EDTA (1.8

Table 1—Demographic and Sleep Disorder-Related Characteristics

Men/women
Age,y

Duration of disease, y

Age at disease onset, y

Age at diagnosis of disease, y
Hypnagogic hallucinations

Sleep Paralysis
Cataplexy
Therapy

HLA DQB1 0602

CSF orexin-A, pg/mL

mg/mL). The samples were centrifuged MEQ results

at 3000 rpm at 4°C, and the plasma col- Mild morning
lected was quickly frozen and stored at Intermediate
-80°C until assayed. Leptin was meas- Mild evening
ured twice by direct assay on plasma ESS score

using a specific commercial kit (Human TST, min®

Leptin RIA Kit, Linco Research, St. MSLT

Charles, MO). Intraassay and interassay Sleep latency, min
coefficients of leptin variations were SOREMPs, no.

4.2% and 8.3%, respectively.

To investigate insulin sensitivity, the
fasting glucose/insulin ratio (GLU/IRI),
the quantitative insulin-sensitivity check
index (QUICKI), and the homeostasis
model assessment (HOMA) were calcu-
lated. The GLU/IRI ratio was calculated
with glucose expressed as mg/dL and
insulin as pU/mL. The HOMA-insulin
resistance index (HOMA-IR) was cal-
culated according to the formula: (fast-

following day.

Epworth Sleepiness Scale.

tients with idiopathic hypersomnia (IH).

Patients with NC Patients with IH P value
1410 14/0 -
38.21£13.71 33.29 £ 14.64 0.366
16.64 £ 14.73 9.57 £7.50 0.122
21.57 £7.59 23.71+£12.99 0.599
30.07 £ 10.96 32.29 £ 14.89 0.658
10 (71) 0(0) -
9 (64) 0(0) -
14 (100) 0(0) -
0(0) 0(0) -
14 (100) 1(7) -
30.93 £ 27.44 348.30 + 19.23 <0.001
4 4 -
6 6 -
4 4 -
14.79 + 4.627 13.00 + 3.06 0.252
569.86 + 97.67 522.29 + 76.85 0.164
4.30 + 3.65 6.35+1.28 0.058
3.86+1.23 0.29 £ 047 0.000003
Data are in mean + standard deviation or number (%).NC refers to narcolepsy with cataplexy; IH, idi-
opathic hypersomnia; CSF, cerebrospinal fluid; MEQ, morningness-eveningness questionnaire; ESS,
3CSF samples were obtained from 14/14 patients with narcolepsy with cataplexy (NC) and 10/14 pa-
®The total sleep time (TST) during 24-hour polysomnography was calculated taking into account the
second part of the continuous 48-hour polysomnogram, ie, the baseline night and daytime naps of the
°The Multiple Sleep Latency Test (MSLT) values of mean sleep latency and mean number of sleep-onset
rapid eye movement periods (SOREMPSs) were calculated on 5 nap opportunities.

ing glucose (mmol/l] * fasting insulin
(uU/mL]/ 22.5).

CSF orexin-A was measured after solid phase extraction
using a specific commercial kit (Human orexin-A RIA Kit,
Phoenix Pharmaceutical, Inc., Belmont, CA). Before extrac-
tion, CSF samples (1 mL) were acidified with an equal amount
of 1% trifluoracetic acid (TFA) in H,0 and then loaded on Sep
Col C18, 200 mg (Phoenix Pharmaceuticals, Inc.) previously
calibrated with 60% acetonitrile in 1% TFA. After washing
with 1% TFA, the peptide was eluted with 60% acetonitrile in
1% TFA, collected, and evaporated under N,. The residue was
dissolved in RIA buffer and assayed. Intraassay and interassay
variation coefficients for orexin-A were 5.2% and 9.1%, re-
spectively.

Statistical Analysis

Data are reported as mean value + standard deviation
(SD), unless otherwise indicated. The responses of glucose
and insulin to the oral glucose tolerance test were analyzed
by calculating the area under the curve using the trapezoidal
method. Simple correlation analysis was performed. A 1-way
and multiple analyses of variance were applied to compare
values among the groups and to evaluate the relationships be-
tween variables. Normal distribution of continuous variables
was tested by means of the Kolmogorov-Smirnov test. Vari-
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ables that were not normally distributed were logarithmically
transformed before analysis. P values of less than 0.05 were
regarded as statistically significant. Statistical analyses were
performed by running the SPSS/PC (SPSS, Inc., Chicago, IL)
software package. The daily energy intake and the composi-
tion of the diet in the 3-day diary were evaluated using Win
Food Software, version 2.0.

RESULTS

Demographic and Sleep Disorder-related Characteristics

The demographic and sleep disorder-related characteristics
of patients are shown in Table 1. The two sex- and age-matched
groups showed similar duration of disease, age at onset, and age
at diagnosis (P =0.122; P=0.599 and P = 0.658, respectively].
All patients displayed an intermediate or mild chronotype, as
shown by the morningness-eveningness questionnaire. All 14
patients in the NC group carried the HLA DQB1*0602 haplo-
type versus | patient out of 14 in the IH group. CSF orexin-A
levels were dramatically decreased in patients with NC (30.9 +
27.4 pg/mL), whereas they were normal (348.3 + 19.2 pg/mL)
in the CSF of the patients with IH.

The 2 groups did not show significant differences in sleep
characteristics either in subjective sleepiness, assessed by the
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Table 2—Anthropometric Parameters

Patients with NC Patients with IH

No. 14 14
Weight, kg 89.8+16.2 76.6 £11.0
BMI, kg/m? 28+4.4 242+28
Waist circumference, cm 102+ 11 86+8
Waist-to-hip ratio 0.95 £ 0.06 0.87 £0.04
Adipose tissue, cm?

Total 67796.76 + 18101.60 46311.15 + 8666.90

Subcutaneous 41104.15 £ 10342.59 27860.41 + 6115.44

Visceral 26692.61 +9692.18 18450.73 + 3207.27
Blood pressure, mm Hg

Systolic 139 £ 16 128 £13

Diastolic 86 + 11 7810

Clinostatic heart rate, bpm 71+£8 M£7

aAfter body mass index (BMI) adjustment.

Data are presented as mean + SD. NC refers to narcolepsy with cataplexy; IH, idiopathic hypersomnia.

(P=0.019 and P =0.012, respectively).
Greater waist circumference (102 + 11

Pvalue P value vs 86 + 8 cm) (P < 0.001) and waist-to-

hip ratio (P = 0.003) were also detected

0.019 - in patients with NC, as compared with

0.012 - subjects with TH.

<0.001 0.001 The computed tomography scan

0.003 NS measurement of body fat distribution

showed significantly higher areas of

0.004 NS total adipose tissue, subcutaneous adi-

0.003 NS pose tissue, and visceral adipose tissue

0.025 NS in patients with NC, as compared with
patients with IH (Table 2).

NS NS Diastolic blood pressure was signifi-

0.043 NS cantly higher (86 = 11 vs 78 + 10 mm

NS NS Hg) (P = 0.043) in patients with NC;

higher systolic blood pressure, although
not statistically significant, was also
found in the same group (139 £ 16 vs
128 = 13 mm Hg) (P = 0.075), whereas

heart rate was comparable.

Table 3—Biochemical and Hormone Measurements

Patients with NC Patients with IH
No. 14 14
Cholesterol, mg/dL
Total 201 £ 45 157 + 37
LDL 139 + 46 102 £25
HDL 36 £ 11 52+15
Triglycerides, mg/dL 179 £ 64 112 £ 57
Glucose, mg/dL 80.4 +8.1 795+124
Insulin, mcU/mL 113+£7.1 6.8+3.3
AUC glucose, mcU*mIL/min 22591 + 4110 22399 + 4661
AUC insulin, mcU*mL/min 15565 + 12923 7519 + 3031
GLU/IRI 84+29 132+58
HOMA 22+14 1.3+£05
HOMA 50+24 75139
QUICKI 0.33+0.05 0.39+0.04
Leptin, ng/mL 78+42 39+22

Data are presented as mean + SD. NC refers to narcolepsy with cataplexy; IH, idiopathic hypersom-
nia; AUC, area under the curve; GLU/IRI, glucose/insulin ratio; HDL, high-density lipoprotein; HOMA,
Homeostasis Model Assessment; HOMA-IR, HOMA-Insulin Resistance Index; LDL, low-density lipopro-
tein; OGTT, oral glucose tolerance test; QUICKI, Quantitative Insulin-sensitivity Check Index.

Patients with NC showed statisti-
cally significant reduced plasma levels

Pvalue P value?® of HDL cholesterol (36 = 11 vs 52 +
15 mg/dL) (P = 0.004) and higher total
cholesterol (201 £ 45 vs 157 + 37 mg/

0.016 NS dL) (P=0.016) and plasma triglycerides

NS NS concentrations (179 + 64 vs 112 £ 57

0.004 0.049 mg/dL) (P = 0.008) (Table 3).

0.008 NS Table 3 also shows subjects’ val-

NS NS ues related to glucose tolerance and
0.047 NS insulin resistance. Patients with NC
NS NS had significantly higher fasting insu-

0.040 NS lin (P < 0.047), insulin area under the

0.012 0.040 curve values (P < 0.040), GLU/IRI ra-

0.034 NS tio (P<0.012), HOMA (P <0.034), and

NS NS QUICKI (P < 0.008), compared with

0.008 NS the IH group. Leptin levels were also

0.005 NS significantly higher in patients with

NC, as compared with patients with IH
(P <0.008).

Given that patients with NC were
significantly heavier than subjects with
IH, statistical analyses between the 2

ESS score (P = 0.252), or in polygraphic measured 24-hour to-
tal sleep time (i.e., the baseline night and daytime naps of the
following day (P = 0.164). Mean sleep latency on MSLT did not
show a significant difference (P = 0.058), whereas the mean oc-
currence of sleep REM periods during the 5 nap opportunities
showed a significantly higher prevalence in patients with NC
(P=10.000003), as expected.

Anthropometric and Metabolic Parameters

Anthropometric parameters in the NC and IH groups are list-
ed in Table 2. Weight and BMI were significantly higher in pa-
tients with NC (89.8 + 16.2 kg and 28.0 = 4.4 kg/m?*) compared
with patients with IH (76.6 + 11.0 kg and 24.2 + 2.8 kg/m?)
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groups after adjusting for BMI were
also performed (Tables 2 and 3). Pa-
tients with NC still showed a significant increase in waist cir-
cumference, in comparison with patients with IH (P = 0.001)
(Table 2) and a statistically significant reduction of plasma
HDL cholesterol (P = 0.049) and of GLU/IRI ratio (P = 0.040)
(Table 3).

Dietary Habits

Patients with NC showed a statistically significant reduction
of total daily caloric intake (1973 + 401 Kcal), compared with
IH cases (2341 + 343 Kcal) (P = 0.027), evaluated through the
total daily calorie intake of each patient (through self-adminis-
tered 3-day food diaries) and the composition of the food. This
difference remained significant also after BMI adjustment (P
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Table 4—Metabolic Syndrome Parameters
NC patient HDL, mg/dL Triglycerides, Fasting glu, SBP, mm Hg DBP, mm Hg Waist circum, Metabolic
mg/dL mg/dL cm syndrome

1 54 7 69 124 81 96 no

2 8 294 73 140 85 116 yes

3 31 95 83 150 95 97 no

4 38 163 87 135 85 9 yes

5 45 194 78 12 68 109 no

6 39 228 83 170 95 125 yes

7 49 182 83 120 85 97 no

8 32 206 91 145 75 102 yes

9 25 173 83 165 110 94 yes

10 30 172 66 140 85 87 yes

1 32 N/A 79 150 95 103 yes

12 36 159 93 130 85 104 yes

13 39 275 87 140 90 11 yes

14 49 16 71 120 70 84 no
IH patient

1 46 84 71 140 70 73 no

2 40 86 74 130 80 76 no

3 40 162 109 130 90 95 no

4 69 45 85 140 90 90 no

5 53 10 73 140 65 93 no

6 37 134 84 130 85 88 no

7 47 76 79 110 86 77 no

8 51 171 88 150 85 85 no

9 73 48 75 135 80 77 no

10 86 60 77 110 60 81 no

1" 55 1M1 98 110 70 93 no

12 38 191 63 120 78 97 no

13 66 59 67 120 80 86 no

14 34 226 70 130 70 93 no
NC refers to narcolepsy with cataplexy; IH, idiopathic hypersomnia; HDL, high-density lipoprotein cholesterol; Fasting glu, Fasting glucose; Waist circum,
Waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; N/A, not available. Pathologic values are bolded. The parameters for the
diagnosis of metabolic syndrome were according to NCEP-ATPIII criteria.®

= 0.037). No alterations in the daily distribution of the macro-
nutrients (lipids, carbohydrates, proteins) in the NC group and
between groups were found.

Prevalence of Metabolic Syndrome

When the parameters for the diagnosis of metabolic syndrome
were applied using NCEP-ATPIII criteria,*® 9 out of 14 patients
with NC (64.3%) displayed the metabolic syndrome. By con-
trast, none of the patients with IH were affected (Table 4).

When individual criteria of the metabolic syndrome in each
subject were evaluated, 7 out of 14 patients with NC showed
increased waist circumference, 10 showed low HDL choles-
terol, and 10 high triglycerides; none showed abnormalities in
fasting glucose, whereas 9 had hypertension. Among the pa-
tients with IH, none showed increased waist circumference, 3
had low HDL cholesterol, and 4 had high triglycerides; none
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showed abnormalities at fasting glucose, and 4 were hyperten-
sive (Table 4).

DISCUSSION

This case-control study is the first to disclose an association
between NC and BMI-independent metabolic alterations. After
BMI adjustment, waist circumference, plasma HDL cholester-
ol, and GLU/IRI ratio were significantly altered in patients with
NC. Moreover, our patients with NC had a higher prevalence of
the metabolic syndrome.

Previous reports frequently showed an increased BMI in pa-
tients with NC*'>'71 and a close association between NC and
abdominal obesity."® Our findings extend these preliminary ob-
servations, emphasizing that several metabolic alterations are
present in patients with NC, further suggesting a close asso-
ciation between NC and the metabolic syndrome. Compared
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with patients with IH, patients with NC showed statistically
significant increases in BMI, waist circumference, waist-to-hip
ratio, and diastolic blood pressure. In addition, total and HDL
cholesterol, triglycerides values, and many indexes of insulin
resistance were pathologic in patients with NC. To rule out a
possible pulling effect of the elevated BMI that we found in our
patients with NC regarding the above metabolic alterations, we
adjusted the statistical analysis for BMI and demonstrated that
waist circumference, HDL cholesterol, and GLU/IRI ratio (in-
dex of insulin resistance) are pathologically altered in patients
with NC, irrespective of BMI. Moreover, a large percentage of
patients in the NC group (64%) had metabolic syndrome.

These data are even more interesting when the patients with
NC-related hypophagia®' is taken into account. Different from
what one may expect in anthropometric measurements (namely
BMI and waist circumference), patients with NC showed a sig-
nificantly decreased food intake compared with patients with
[H, thereby excluding the idea that altered food intake causes
the dysmetabolism we noted. The dysmetabolism is independ-
ent of BMI, and BMI is inversely associated with food intake:
these data support the notion that the lack of orexin-A may di-
rectly influence some metabolic parameters.'°

We acknowledge some limitations in our paper. Our data
do not definitively answer the question of whether the meta-
bolic phenotype of patients with NC is at least partly due to a
reduction in physical activity. To avoid this bias, we chose to
compare a carefully age- and sex-matched NC and IH popu-
lation, assuming that different central hypersomnias display
a similar reduction and limitation in physical activity, as has
been suggested by some quality-of-life surveys.?”>* Our find-
ings strikingly split the 2 groups in terms of prevalence of
metabolic alterations, suggesting that altered mechanisms in
basal metabolism affect patients with NC, but not subjects
with TH. The finding that, overall, patients with NC showed
a slightly lower rest energy expenditure* was not confirmed
in a recent study, which reported a normal metabolic rate in
BMI-matched patients with NC and control subjects.?® A re-
fined evaluation of 24-hour energy expenditure, coupled with
accurate polysomnography monitoring—including autonomic
parameters, could add further elements to explain whether the
state of altered sleep control characterizing NC may reflect on
metabolism.

A follow-up study could eventually show whether the insulin
resistance (despite normal fasting glucose levels) that we found
in our young patients with NC leads to a whole glucose me-
tabolism impairment because we often observe type 2 diabetes
mellitus among our elderly patients with NC.'

In conclusion, patients with NC showed BMI-independent met-
abolic alterations that, coupled with the animal data,* suggest a
direct role of orexin-A in several metabolic processes. The relative
hypophagia of patients with NC, together with their young age, fur-
ther points to an intrinsic and peculiar metabolic alteration in NC.

Considering the chronicity of NC (for which an etiologic
therapy is not yet available), the young age of onset of dys-
metabolism (apparently not influenced by feeding habits), and
the cardiovascular risk linked to the metabolic syndrome, our
findings also suggest that a clinical and metabolic assessment
should be performed when NC is diagnosed and throughout the
life-long follow-up visits of patients with NC.
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