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ABSTRACT

Objective: Symptoms such as anorexia and sleep disturbances are common and
cause a significant reduction in quality of life in hemodialysis patients. Orexin-A,
which is a neuropeptide produced in lateral hypothalamic neurons and involved in
regulation of feeding behavior, energy metabolism and sleep-wake cycle, is a good
candidate to play a role in sleep and feeding disturbances in these patients. The
aim of this study was to investigate the relationship between orexin-A levels and
anorexia and sleep disturbances in hemodialysis patients.

Subjects and Methods: 70 hemodialysis patients and 70 age and sex matched
healthy controls were compared according to their orexin-A levels. Plasma orexin-
A levels were measured with the Enzyme Immunassay method. The Subjective
Global Assessment Scale to assess nutritional status, and Pittsburg Sleep Quality
Index to assess quality of sleep were used.

Results: The mean orexin-A level of the patients was significantly lower than
controls (p<0.001). Body mass index (r=-.313, p=0.01) and parathormone (r=-.341,
p=0.006) were significantly correlated with orexin-A levels. After multivariate lin-
ear regression, the significance remained for body mass index (p=0.01) and triglyc-
eride levels (p= 0.03).

Conclusion: These preliminary results may suggest that plasma orexin-A levels
can be used as a biochemical marker for assessment of the nutritional state in he-
modialysis patients.

Key Words: orexin-A, hemodialysis, malnutrition, sleep.

OZET

Amag: Hemodiyaliz hastalarinda anoreksi ve uyku bozuklugu gibi semptomlar
yaygindir ve yagam kalitesinde azalmaya neden olur. Oreksin-A, lateral hipotala-
mik noéronlarda iiretilen bir néropeptittir ve yeme davranisi, enerji metabolizma-
st ve uyku-uyaniklik siklusunun diizenlenmesinde rol alir. Oreksin-A, hemodiya-
liz hastalarinda goriilen yeme ve uyku bozuklugunda rol oynuyor olabilir. Bu ¢alig-
manin amact hemodiyaliz hastalarinda serum oreksin-A diizeyleri ile anoreksi ve
uyku bozuklugu arasindaki iligkiyi aragtirmaktir.

Gereg¢ ve yontem: Caligmamizda 70 hemodiyaliz hastasi ile 70, yas ve cinsiyet
acisindan uyumlu saglikli bireyin oreksin-A diizeyleri karsilastirildi. Plazma
oreksin-A diizeyleri enzim immiinoassay yontemi ile analiz edildi. Hastalarin nut-
risyonel durumunu degerlendirmek i¢in “The Subjective Global Assessment Scale”
ve uyku kalitesini degerlendirmek i¢in “Pittsburg Sleep Quality Index” kullanildi.
Bulgular: Hastalarin oreksin-A diizeyleri kontrol grubun diizeylerinden anlam-
I1 derecede daha diisiiktii (p<0.001). Viicut kiitle indeksi (r=-.313, p=0.01) ve parat-
hormon (r=-.341, p=0.006) degerleri, oreksin-A diizeyleri ile anlamli derecede ko-
rele idi. Multivariate lineer regresyon sonrasi viicut kitle indeksi (p=0.01) ve trigli-
serit diizeyleri (p= 0.03) i¢in anlaml1 fark devam etti.

Sonu¢: Bu 0n ¢aligma sonuglari, plazma orexin-A diizeylerinin hemodiyaliz has-
talarinda nutrisyonel durumun degerlendirilmesi i¢in biyokimyasal bir belirteg ola-
rak kullanilabilecegini gostermektedir.

Anahtar Kelimeler: oreksin-A, hemodiyaliz, malnutrisyon, uyku.
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Introduction

Patients with end stage renal disease (ESRD) experience
numerous physical and emotional symptoms, which are
serious in terms of medical outcomes and cause a decre-
ase in functioning and well-being (1). A systematic re-
view of symptoms that may cause a reduction in quality
of life in ESRD has revealed that anorexia (25%-61%)
and sleep disturbances (20%-83%) were among the most
common (2).

Possible reasons for these symptoms in ESRD have been
the focus of most clinical research during the last two
decades. It has been proposed that uremic toxins, alte-
red amino-acid patterns, leptin, ghrelin, neuropeptid Y
and proinflammatory cytokines (such as tumor necro-
sis factor-a, interleukin-6) are involved in anorexia in
hemodialysis (HD) patients which contributes to the de-
velopment of malnutrition and cachexia (3-7). Sleep di-
sorders were found to be common in HD patients and
have been related to depression, gender, hemoglobin le-
vels, advanced age and dialysis shifts in the morning (8-
10). These findings suggest that pathogenesis of these
symptoms is multi-factorial. The search for a common
factor that would contribute to sleep and feeding related
problems in hemodialysis patients is the main purpose of
this study. We thought that the candidate molecule that
might fulfill this purpose was orexin.

The neuropeptides orexin-A and B (also known as
hypocretin 1 and hypocretin 2) are produced in lateral
hypothalamic neurons and are involved in regulation of
feeding behavior, energy metabolism and sleep-wake
cycles (11). Orexins were initially identified as endoge-
nous ligands for two orphan G-protein-coupled recep-
tors (12). Their relation to feeding behavior was proved
by the observation that intracerebroventricular injecti-
on of orexins during the light period induced feeding be-
havior in rats and mice (13). Subsequently, the finding
that an orexin deficiency causes narcolepsy in humans
and animals, has indicated that orexins may also have a
crucial role in regulating sleep and wakefulness (14-15).

There are reasons to think that orexin may play a role
in sleep and feeding disturbances in ESRD. First it was
shown that prepro-orexin mRNA was detected in the
kidneys (16). Secondly, orexin-A like immunoreactivity,
was present in the urine obtained from healthy males
(17). These findings suggest that in addition to the late-
ral hypothalamus, orexin-A is also produced by renal tu-
bular cells and secreted into the urine.

In this study, we aimed to examine the relationship bet-
ween plasma orexin-A levels and sleep and nutritional
status in HD patients. Our hypotheses were; 1) Since it
was previously shown that orexin-A may be produced by
renal tubular cells (16,17), plasma orexin-A levels would
be different between HD patients and healthy controls,
2) Plasma orexin-A levels would show some significant
correlations with sleep and feeding disturbances in HD
patients, since orexin-A has been shown to be involved
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in regulation of sleep and feeding behavior in humans
and animals (13-15).

Materials and Methods

Setting

This prospective and controlled study was conducted by
a collaboration of the Nephrology, Psychiatry and Me-
dical Biochemistry Departments of Gazi University, Fa-
culty of Medicine and was ethically approved by a local
ethics committee (date: 215 April, 2008, number: 150).

Sample

There were two groups in this study. The first group con-
sisted of patients who regularly received HD treatment
for ESRD at Hemodialysis Clinic of the Nephrology De-
partment. This unit has 90 patients, most of whom are
treated twice or three times weekly in an HD program.
The second group included age and sex matched healthy
controls. All subjects participating in the study, signed a
written consent form prior to the study.

Exclusion criteria for patients were: Being illiterate, be-
ing younger than 18 or older than 85 years old, having a
cognitive impairment or mental retardation which wo-
uld cause severe difficulty in filling out the self-rating
scales, receiving a renal replacement therapy other than
HD (such as peritoneal dialysis or renal transplantation),
and not giving informed consent. 75 patients fulfilled
the criteria and among them, 70 finished the study. Du-
ration of chronic renal failure and HD treatment were
recorded by researchers. Body mass index (BMI) was
calculated and albumin, triglyceride and total choleste-
rol levels measured for nutritional status (18,19). Blood
samples for orexin-A levels were obtained. Parathormo-
ne (PTH) levels evaluated for energy metabolism (11).
The Subjective Global Assessment Scale was comple-
ted by a nephrology fellow (R.M.). Patients filled out the
Pittsburg Sleep Quality Index.

Exclusion criteria for the age, sex and education matc-
hed control group were: Having malnutrition (according
to BMI), having a diagnosed renal illness and/or having
a diagnosed medical illness, which would cause a vulne-
rability to renal failure (such as diabetes mellitus, hyper-
tension, or autoimmune illness). Height and weight of
controls were recorded and BMI was calculated.

Venous blood samples for orexin-A levels and all other
parameters were obtained from fasting subjects at the
same time (8.00 a.m.), before HD sessions. Blood samp-
les were collected into the EDTA and aprotinin contai-
ning tubes. Then plasma was immediately separated by
centrifugation at 1600xg at 4°C for 15 minutes. Plasma
samples were kept at -80°C until analysis.

Instruments
Pittsburgh Sleep Quality Index (PSQI)
The Pittsburgh Sleep Quality Index (PSQI) is a self-
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rated questionnaire which assesses sleep quality and dis-
turbances over a 1-month time interval (20). It has se-
ven sub-scales, namely: subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep
disturbances, use of sleeping medication, and daytime
dysfunction.

The sum of scores for these seven components yields one
global score. In the original article, clinical and psycho-
metric properties of the PSQI were supported using data
collected from 52 “good” sleepers (52 healthy subjects)
and “poor” sleepers (54 depressed patients and 62 pati-
ents with sleep disorders). In a study conducted to charac-
terize the relationships between PSQI and Epworth Sle-
epiness Scale (ESS), it was found that the PSQI is more
closely related to psychological symptom ratings and sle-
ep diary measures than the ESS (21). For this study, a Tur-
kish translation version of PSQI was used (22).

Subjective Global Assessment ( SGA)

The Subjective Global Assessment (SGA) is a tool used
by care providers to assess nutritional status and aid in
prediction of nutritionally-associated clinical outcomes.
Although it was first used as an assessment tool for nut-
ritional status in preoperative surgical patients and to
predict postoperative infections (23), it has been widely
used in many clinical settings since then. The SGA has
been recommended by the National Kidney Foundation
(NKF) Kidney Disease/Dialysis Outcomes and Quality
Initiative (K/DOQI) for use in nutritional assessment in
the adult dialysis population (24). It has been shown that
the 7-point scale SGA (also used in the present study)
is a reliable and valid tool for nutritional assessment
in adults on HD (25). The assessment is based on the
patient’s history in the preceding 6 months (gastrointes-
tinal symptoms such as anorexia, nausea, vomiting, di-
arrhea, dietary food intake, as well as functional capa-
city and comorbidities) and physical examination (loss
of subcutaneous fat over the triceps and mid-axillary
line of the lateral chest wall, muscle wasting in the del-
toids and quadriceps). Each component is rated on a sca-
le of 1 to 7 with a possible total range from 7 to 35. A
value of 7 is normal, while 35 indicates the severe mal-
nutrition. For this study, the patients were classified in
terms of three major SGA scores: very mild risk to well-
nourished (1 or 2 points from most categories or signifi-
cant, continued improvement), moderate malnutrition (3,
4 or 5 points from most categories, no clear sign of nor-
mal status or severe malnutrition) and severe malnutriti-
on (6 and 7 points in most categories/significant physical
signs of malnutrition).

Laboratory Methods:

Plasma orexin-A levels were measured with the EIA
(Enzyme Immunassay) method using a commercial kit
(Phoenix Pharmaceuticals Inc., Burlingame, USA) with
a microplate ELISA reader (BIO-TEK, ELx800). Mini-
mum detectable concentration was 0.22 ng/mL. Intra-

Turk J Biochem, 2010; 35 (2) ; 133-139.

assay and inter-assay variation coefficients were <5%
and <14%, respectively. Serum parathormone (PTH),
total cholesterol, triglyceride and albumin levels for
energy metabolism (11) were measured by autoanalyser
(Abbott-Architect / ¢i16200 integrated platforms) using
commercial kits (Abbott).

Statistical analysis

Statistical analysis of all data obtained was made
by using the SPSS 10.0 version. Chi-square test was
used to compare the two groups with regards to socio-
demographic variables. The two groups were compared
by using a Student’s t-fest for independent samples ac-
cording to their age, height, weight, body mass index
and orexin-A levels. Pearson Correlations were used for
analyzing correlations between patients’ orexin-A levels,
PSQI and SGA scores, and parameters obtained from
blood samples. Exploratory analyses, including variab-
les which were thought to have statistically significant
effect on orexin-A levels, were performed by using mul-
tivariate linear regression analysis with enter modeling.
Analysis of covariance (ANCOVA) was used to compa-
re the orexin-A levels among two groups that control the
influence of covariates. A p value < 0.05 was considered
statistically significant.

Results

Demografic characteristics of the patients and controls
were presented in the Table 1. Mean orexin-A levels
of the patients were significantly lower than controls
(13.95+7.39 vs 20.39+8.96 respectively, p<0.001) (Figu-
re 1). The BMIs of the controls were significantly higher
than the patients (27.72+5.11 vs 23.15+4.27 respectively,
p<0.001) (Table 1). Since a significant difference with
regard to BMI was found between patient and control
groups, analysis of covariance (ANCOVA) was perfor-
med in order to find if the orexin level difference was ca-
used by the significant difference of BMI between the-
se groups. Orexin-A levels were significantly different
between the two groups in the ANCOVA model, where
BMI was included as the covariance variable.

The patients’ mean score from the SGA was 12.72+6.18
(7.00-35.00), and from the PSQI was 14.73+6.49 (0.00-
27.00). Triglyceride, albumin and PTH levels were
184.72+119.60 mg/dL, 4.15+0.39 g/dL and 440.62+483.62
pg/mL, respectively.

Results of a Pearsons Correlation between orexin-A le-
vels and age, some clinical features, blood sample re-
sults, scores of PSQI and SGA are shown in Table 2.
There was a significant negative correlation between
orexin-A levels and BMI (r=-.313, p=0.01) and PTH le-
vels (r= -.341, p=0.006). However the correlations were
weak.

Parameters that show nutritional status (triglyceride, al-
bumin, BMI), PTH levels (since it was found to be cor-
related with orexin-A in Pearsons Correlation Analysis)
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Figure 1. Plasma orexin-A levels (control: 20.39 + 8.96, median: 22.07, IQR: 10.59; hemodialysis: 13.95 + 7.39, median: 14.54, IQR: 11.03)

Table 1. Comparison of demographic and clinical features of patients and controls

Patients Controls P
Gender; N (%)
Female 25 (35.7) 28 (40.0) 0.6
Male 45 (64.3) 42 (60.0)
Age (mean = SD) 49.24 + 15.95 48.89 + 13.55 0.8
Chronic renal failure duration; months (min- 71.86+59.36 (2-300) )
max)
Hemodialysis duration; months (min-max) 59.47+49.35 (1-216) -
BMI (mean = SD) 23.15+4.27 2772 +511 <0.001*
BMI: Body Mass Index
Table 2. Pearsons Correlation Coefficients of serum Orexin-A levels of patients with different parameters
Variables Serum Orexin-A levels of patients P
.020 0.8
Age
. . ) 185 0.1
Chronic renal failure duration (months)
o . 105 0.4
Hemodialysis duration (months)
. -.313 0.01*
Body mass index
-.341 0.006*
PTH
-.240 0.05
Total cholesterol
. . -.210 0.09
Triglyceride
-.215 0.09
Albumin
187 0.1
SGA
189 0.1
PSQl
SGA: Subjective Global Assessment, PTH: Parathormone, PSQI: Pittsburg Sleep Quality Index
Turk J Biochem, 2010; 35 (2) ; 133-139. 136 Gulbahar et al.



Table 3. A multivariate linear regression model for the relationship between Orexin-A levels and variables which show nutritional status, sleep

quality, PTH levels

(Constant: 23.866; r2= 0.257)

95% ClI
(Lower- Upper)

Coefficients, B (P)

BMI (normal/ high)
Triglyceride (normal/ high)
Albumin (normal/ low)

PTH (normal/ high)

SGA (moderate-severe/normal-mild)
PSQI (good sleepers/poor sleepers)

-.36 (0.01)* -9.433, -1.316
-.29 (0.03)* -8.863, -0.407
.00 (0.99) -.4156, 4.202
.08 (0.51) -5.063, 9.972
-.06 (0.62) -7.621, 4.629
14 (0.30) -1.939, 6.132

BMI: Body Mass Index, PTH: Parathormone, SGA: Subjective Global Assessment, PSQI: Pittsburgh Sleep Quality Index, CI: Confidence

Interval

*: significant for p<0.05

and scores of PSQI and SGA, were analyzed in a model
of multivariate linear regression. For this analysis, va-
riables were classified as follows: BMI normal (<24) /
high(>=24), PTH normal (10-65 pg/mL)/ high, triglyce-
ride normal (50-200 mg/dL)/ high, albumin normal (4-5
g/dL)/ low, SGA moderate-severe malnutrition (>=21)/
mild malnutrition-normal (<21) and PSQI good sleepers
(<15)/ poor sleepers (>=15) (the mean score was used for
PSQI since the number of patients scoring below 5 was
only three). Results are shown in Table 3.

BMI (95% CI= -9.433- -1.316, p=0.01) and triglyceride
levels (95% CI= -8.863- -0.407, p=0.03) were the signi-
ficant variables.

Discussion

Our first hypothesis was that orexin-A could be produ-
ced by renal tubular cells and plasma orexin-A levels
would be different between HD patients and healthy
controls, in which the results of our study was confir-
med that HD patients’ orexin-A levels were significantly
lower than age and sex matched healthy controls. This
result is contrary to the limited previous literature about
orexin in chronic renal failure. Sugimoto et al. (26) were
the first group to study the plasma orexin levels in pati-
ents on HD and they found an increased plasma orexin-A
concentration in these patients. Li et al. (27), in their first
study, explored the changes of orexin-A and neuropep-
tide Y in plasma and the hypothalami of rats with chro-
nic renal failure and found that levels of orexin-A in the
hypothalami were significantly lower but plasma levels
were significantly higher in rats with chronic renal fai-
lure than in normal rats. In their second study (28), Li et
al. found lower expression of prepro-orexin mRNA and
orexin-receptor-1, and a higher expression of Ob-R in
hypothalamus neurons of rats with chronic renal failu-
re. All of these findings suggest that chronic renal failu-
re may cause diminished clearance of orexin-A, but we
found that orexin-A levels were indeed decreased in HD
patients. There are some possible reasons for decrease in
orexin-A levels in these patients. First, the previous fin-
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ding that prepro-orexin mRNA is detected in markedly
high levels in kidneys (16) and orexin-A like immuno-
reactivity is present in the urine obtained from healthy
males (17); may suggest that in addition to the lateral
hypothalamus, renal tubular cells may also synthesize
orexin-A and secrete it into urine. Since renal function is
decreased in chronic HD patients, synthesis of orexin-A
by the kidneys may also be decreased. Secondly, orexin
neural activity is under the influence of peripheral me-
tabolic clues, such as leptin, which inhibits the activity
of orexin neurons (29). Since chronic renal failure is as-
sociated with increased plasma levels of leptin, one may
assume that leptin will inhibit orexin production in HD
patients. But we do not know if this has caused the lower
orexin-A levels in HD patients of our sample, since we
did not evaluate the leptin levels of these patients. Eva-
luating hypothalamic secretion of orexin-A by using ce-
rebrospinal fluid samples would be more suitable for tes-
ting such a suggestion.

Our second hypothesis was that plasma orexin-A levels
would show some significant correlations with sleep and
feeding disturbances in HD patients, was partly confir-
med. We expected to find some significant correlation
between orexin-A levels and sleep and nutritional dis-
turbances in hemodialysis patients, but our results did
not indicate that. There was no significant relationship
between orexin-A levels and any kind of sleep-related
disturbances evaluated by the PSQI. Rayner (30) has
suggested that the reduced sleep time and increase in
night time arousals, characteristic of the uremic sleep
disorder, may be related to increased levels of orexin du-
ring the night, but to our knowledge, there is no clinical
research to test this suggestion. We could not find a sig-
nificant association between orexin-A levels and nutriti-
onal status of our patients as shown by SGA scores, eit-
her. Since this study is the first one to explore the rela-
tion of orexin-A levels with sleep and nutritional status
of HD patients, we do not know if these results are rep-
licable, and further studies are necessary to clarify this
situation.
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PTH levels showed a significant correlation with
orexin-A levels, although this significance was not ob-
served after multiple regression analysis. Yet, this fin-
ding that PTH levels are correlated with orexin-A levels
in HD patients seems important, since PTH is one of the
determinants of resting energy expenditure and inflam-
mation in HD patients (31, 32). The finding that PTH
was correlated with orexin-A levels, which is known to
be involved in energy metabolism (11), may be another
area of interest for future research.

The most important finding in this study was that
orexin-A levels were significantly related to BMI. The
International Society of Renal Nutrition and Metabolism
has developed a new standard terminology for protein-
energy wasting in chronic renal disease. Protein-energy
wasting is diagnosed if three characteristics are present;
1) low serum albumin, transthyretin or cholesterol le-
vels, 2) reduced body mass (low or reduced body or fat
mass or weight loss with reduced intake of protein and
energy), 3) reduced muscle mass (muscle wasting or sar-
copenia, reduced mid-arm muscle circumference) (33).
It has been shown that hypertriglyceridemia (34), nor-
mal albumin levels (35) and being overweight (BMI=25-
30) or obese (BMI>30) (36) are paradoxically associated
with better survival (also called ‘reverse epidemiology’)
in HD patients. For these reasons, we analyzed triglyce-
ride, albumin levels and BMI, as well as SGA and PSQI
scores into a multiple regression analysis. High triglyce-
ride levels were found to be significantly associated with
orexin-A levels. In addition, the significance continued
for BMI even after multiple regression analysis. It has
been well established that BMI is positively correlated
with serum leptin levels. Since leptin has been shown to
inhibit the activity of orexin neurons (29), this may have
caused a significant reduction of orexin levels in pati-
ents with better nutritional status in this sample.

Conclusion

Of course one should be cautious when interpreting our
results, since our results are preliminary because they
are drawn from a small sample and only one center, and
there is always a risk for multiple comparisons. Measu-
ring leptin levels and another orexigenic hormones such
as ghrelin levels in addition to orexin-A would lead to a
better understanding of the significant findings of this
study. Still, this study, being the first one to investigate
the relationship between orexin-A and wake-sleep dis-
turbances and nutritional status of HD patients, points
out that plasma orexin-A levels may be used as a bioc-
hemical marker of the nutritional state in patients on he-
modialysis; a finding which needs further support from
future studies.
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