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■ Abstract

cantly and negatively correlated with orexin (r = -0.301, p =
0.024). Furthermore, orexin concentrations were significantly and positively correlated with the insulin sensitivity
index derived from OGTT (r = 0.326, p = 0.014). Threemonth treatment with metformin and pioglitazone significantly improved insulin sensitivity and increased orexin
concentrations by 26% (p = 0.025) and 14% (p = 0.076), respectively. Between-group analysis showed that changes in
orexin concentrations with metformin and pioglitazone were
not significantly different (p = 0.742). CONCLUSIONS:
There was a negative association between peripheral orexin
concentrations and insulin resistance in type 2 diabetes patients. Three-month anti-hyperglycemic treatment with proportionate doses of metformin or pioglitazone increased
orexin concentrations via amelioration of insulin resistance
and improvement of glycemic control.

AIMS: To investigate the association between serum orexin
concentrations and insulin resistance/sensitivity in a sample
of patients with type 2 diabetes mellitus, and to study the
effects of anti-hyperglycemic treatment on orexin concentrations over three months. METHODS: This study was designed as a randomized, open-label, clinical trial. Before allocation, sixty medication-naïve, newly-diagnosed, type 2
diabetes patients underwent a 75 g oral glucose tolerance
test (OGTT). Afterwards, using a randomized trial design
(IRCT201102275917N1) patients were allocated to either the
metformin (1000 mg daily) or pioglitazone (30 mg daily)
arm, and were reexamined after three months. Serum insulin, plasma glucose, and orexin concentrations were measured at baseline, during OGTT, and after three months. RESULTS: Orexin concentrations significantly decreased after
OGTT (0 vs. 120 min: 0.63 ± 0.07 vs. 0.31 ± 0.03 ng/ml, p <
0.001). Insulin resistance determined by homeostasis model
assessment of insulin resistance (HOMA-IR) was signifi-

Keywords: type 2 diabetes · orexin A · insulin resistance ·
metformin · pioglitazone · HbA1c · glucose homeostasis ·
peripheral orexin · enterochromaffin cell

suprachiasmatic nucleus [4], the hypothalamic
center responsible for maintaining the circadian
rhythm; its functional disorder has been tightly
linked to the development of insulin resistance and
diabetes [5-7]. Orexin-knockout mice become susceptible to the age-related development of insulin
resistance through the disruption of insulin signaling in both hypothalamus and peripheral tissues
[8]. Furthermore, centrally produced orexin has
been shown to be associated with the regulation of

1. Introduction
uman orexin-A (orexin) is a 33-amino acid
peptide initially described as a neuropeptide
originating from neurons in the lateral and
perifornical hypothalamic area [1]. The perifornical area mediates the functional interaction between brain and liver [2]. Orexin concentrations
follow a daily rhythm peaking during wakefulness
[3]. Orexin concentrations are controlled by the
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appetite and food intake via interacting with glucose-sensing neurons in the hypothalamus [9-11].
Irrespective of its centrally regulated functions,
orexin occurs in several peripheral tissues, and is
assumed to be involved in the maintenance of energy and glucose homeostasis via hormone-like
functions [12, 13]. Orexin is also involved in pancreatic hormone secretion. It may thus be a modulator of insulin [13]. Immunostaining of the human
pancreas has shown that about two-thirds of insulin-immunopositive cells are contemporaneously
positive for orexin [14]. Peripheral orexin may
originate from hypothalamus cells traveling
through the blood-brain barrier [15], or may be
produced peripherally by cells like the enterochromaffin cells of the intestines [16] and pancreatic islet cells [12].
Currently, our understanding of the cross-talk
between peripheral orexin and insulin and the
possible effects of orexin on insulin resistance remains limited. Experimental models in rats and
humans have resulted in discrepant findings [1720]. Moreover, the possible association of orexin
with insulin resistance in type 2 diabetes mellitus
(T2DM) has rarely been studied. Therefore, we
aimed to investigate the association between serum orexin concentrations and insulin resistance
in a sample of T2DM patients. In the present
study, the following two-step approach was used:
1. We investigated how peripheral orexin concentrations change in response to an acute
glycemic challenge in medication-naïve patients.
2. We delved into the effects of antihyperglycemic treatment on insulin resistance and orexin concentrations over a
three-month period.

2. Methods and subjects
2.1 Study design and selection criteria
In the present study, we used blood samples derived from a randomized clinical trial conducted
previously [21]. The original study was planned as
a prospective, three-month, single-center, openlabel, randomized clinical trial. Between March
and June 2011, patients visiting the outpatient
Diabetes Clinic of the Vali-Asr Hospital (a university-affiliated teaching hospital) were assessed for
eligibility. Patients were considered eligible for inclusion in the study if they:
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LDL
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WHO

analysis of covariance
analysis of variance
body mass index
enzyme-linked immunosorbent assay
fasting plasma glucose
glycated hemoglobin A1c
high-density lipoprotein
homeostasis model assessment of beta-cell
function
homeostasis model assessment of insulin
resistance
high-performance liquid chromatography
International Clinical Trials Registry Platform
low-density lipoprotein
oral glucose tolerance test
radioimmunoassay
standard deviation
statistical package for social sciences
type 2 diabetes mellitus
World Health Organization

1. Were newly diagnosed with T2DM according
to the American Diabetes Association diagnostic criteria [22]
2. Were 30 years or older
3. Had not taken anti-hyperglycemic medications for the management of diabetes
4. Had not been diagnosed with chronic diseases of the heart, kidneys, lungs, or liver
5. Were not pregnant or lactating
Using a simple randomization method, patient
numbers 1-60 were generated in a manner that
rendered them unrepeated and unsorted. With this
random sequence, numbers smaller than 31 were
allocated to the metformin arm, numbers 31-60
were assigned to the pioglitazone arm. In the metformin arm, subjects received 1000 mg metformin
(500 mg tablets, twice daily). In the pioglitazone
arm, patients took pioglitazone 30 mg (15 mg tablets, twice daily). After three months of therapy, a
follow-up examination was carried out.
All procedures which included human subjects
were conducted in accordance with the guidelines
laid down in the recent revision of the Helsinki
protocol. Written informed consent was obtained
from each patient prior to enrollment. The Tehran
University of Medical Sciences Ethics Committee
approved the trial protocol. The trial has also been
registered at the Iranian Registry of Clinical Trials
(registration no. IRCT201102275917N1), which is
a primary registry of the World Health Organization’s (WHO) International Clinical Trials Registry
Platform (ICTRP).
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At baseline visit, a detailed medical history was
obtained, and physical examination was performed. Height was measured using a wallmounted stadiometer, and was recorded to the
nearest 0.1 cm. The patients’ weight was measured
with only light clothing using a calibrated digital
scale (Beurer, GS49, Germany), and was documented to the nearest 0.1 kg. Body mass index
(BMI) was calculated as weight in kg divided by
squared height in meters (kg/m2). Patients were
stratified into normal weight, overweight, and
obese according to WHO criteria.
Waist circumference was measured at the end
of normal expiration mid-way between the lower
costal margin and anterior superior iliac crest, and
was recorded to the nearest 0.1 cm. Central (abdominal) obesity was defined as waist circumference ≥90 cm (for both men and women) based on
the cut-off proposed for the Iranian population
[23]. After the patients had relaxed for about 10
minutes, two readings of systolic and diastolic
blood pressures were obtained from each patient
within a 5-min interval using a standard sphygmomanometer (Riester, Big Ben adults, Germany).
Patients were considered to be hypertensive if they
had an average reading of ≥140 mmHg systolic
and/or ≥90 mmHg diastolic or if they were taking
anti-hypertensive medication.

beta-cell function (HOMA-β) was defined as fasting
insulin (mU/l) times 20 divided by FPG (mmol/l)
minus 3.5. Insulin sensitivity derived from the oral
glucose tolerance test (OGTT) was calculated using
the equation provided by Matsuda and DeFronzo
[24], which is as follows: 10,000/sqr root of (FPG x
fasting insulin x mean plasma glucose x mean insulin).
Mean plasma glucose (mg/dl) and insulin (mU/l)
were calculated as the arithmetic average of three
measurements (at 0, 60, and 120 minutes). The insulin sensitivity index derived from this equation
correlates strongly with the direct measurement
obtained using the euglycemic insulin clamp [24].
The percentage of glycated hemoglobin A1c
(HbA1c) was determined using the high performance liquid chromatography (HPLC) method. Serum concentrations of lipids including total cholesterol, low density lipoprotein (LDL) cholesterol,
high density lipoprotein (HDL) cholesterol, and
triglycerides were measured with enzymatic methods (Pars Azmun commercial kits, Karaj, Iran).
Serum creatinine concentrations were determined
using the Jaffe kinetic method, and serum orexin
concentrations were measured using the enzymelinked immunosorbent assay (ELISA) method
(Human Orexin-A ELISA kit, CSB-E08859h,
Cusabio, Wuhan, China). The inter- and intraassay coefficients of variation were <10% and <8%,
respectively.

2.3 Laboratory evaluations

2.4 Statistical analysis

Patients were instructed to perform a 12-hour
overnight fast; fasting blood was obtained the next
day. Additionally, in all patients, a standard 75 g
fasting oral glucose tolerance test was performed,
and two blood draws were conducted at 60 and 120
minutes. Orexin concentrations were obtained at
time zero and at 120 minutes. Serum insulin and
fasting plasma glucose (FPG) were determined at
times 0, 60, and 120 minutes. All other laboratory
parameters were determined at baseline only. Using a similar protocol, three months after initiation
of treatment, a second fasting blood draw was performed.
Serum concentrations of FPG were determined
using the glucose oxidize method. Fasting insulin
was measured using the chemiluminescence radioimmunoassay (RIA) technique (Immunotech, Prague, Czech Republic). As a surrogate marker of insulin resistance, homeostasis model assessment of
insulin resistance (HOMA-IR) was calculated as
FPG (mmol/l) multiplied by fasting insulin (mU/l),
divided by 22.5. Homeostasis model assessment of

All analyses were performed using the statistical package for social sciences (SPSS) version 19.0
for windows (IBM Corporation, New York, United
States). Continuous variables with normal distributions were expressed as mean ± standard deviation (SD) and categorical variables as proportion or
ratio. Continuous variables with non-normal distributions were expressed as median (interquartile
range). A logarithmic transformation was carried
out to obtain normality, and hence to make parametric statistical tests plausible.
Comparisons of the mean levels of continuous
variables across two categories were performed using the independent t-test. With more than two
categories, analysis of variance (ANOVA) was employed and the p-value for the linear trend was
calculated. The distribution of categorical variables across categories was assessed using the Chisquared test. Associations between two continuous
variables were evaluated using partial correlation
and adjustment for the effects of possible confounders (i.e. age). The within-group changes in

2.2 Assessments and definitions
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Table 1. Baseline characteristics of the trial participants by trial arm
Variable
Age (years)
Sex (women/men)

Total

Metformin
(n = 30)

Pioglitazone
(n = 29)

p

53.8 ± 10.8

51.0 ± 10.2

56.6 ± 10.9

0.049

31/28

15/15

16/13

0.796

Weight (kg)

75.2 ± 12.7

76.4 ± 12.2

73.9 ± 13.3

0.457

Waist circumference (cm)

97.1 ± 10.9

97.8 ± 11.2

96.3 ± 10.7

0.620

2

BMI (kg/m )

28.6 ± 4.8

28.7 ± 5.5

28.4 ± 4.1

0.844

1.85 (1.32-2.55)

2.14 (1.33-2.77)

1.72 (1.32-2.24)

0.195

Total cholesterol (mmol/l)

5.29 ± 1.07

5.50 ± 1.04

5.06 ± 1.07

0.127

LDL cholesterol (mmol/l)

3.10 ± 0.91

3.21 ± 0.87

2.99 ± 0.95

0.352

HDL cholesterol (mmol/l)

1.10 ± 0.31

1.24 ± 0.32

1.26 ± 0.30

0.827

Hyperlipidemia medication (n, %)

17, 28.8

10, 33.3

7, 24.1

0.436

Systolic blood pressure (mmHg)

120.4 ± 15.5

117.3 ± 15.2

123.6 ± 15.4

0.121

Triglycerides (mmol/l)

Diastolic blood pressure (mmHg)

77.3 ± 8.7

76.7 ± 8.8

77.9 ± 8.6

0.580

Fasting plasma glucose (mmol/l)

9.05 (7.49-11.43)

10.0 (7.49-12.04)

8.27 (7.49-10.52)

0.430
0.524

Hypertension medication (n, %)

24, 40.7

11, 36.7

13, 44.8

Log fasting plasma glucose

0.97 ± 0.15

0.98 ± 0.17

0.96 ± 0.14

0.761

Fasting insulin (pmol/l)

72.23 ± 7.50

80.08 ± 13.89

59.73 ± 5.35

0.397

HOMA-IR

3.5 (2.1-5.8)

3.6 (2.3-7.0)

3.5 (1.9-4.9)

0.287

Log HOMA-IR

1.25 ± 0.66

1.37 ± 0.69

1.13 ± 0.62

0.174

HOMA-β (%)

30.2 (18.5-47.9)

29.8 (18.3-53.6)

32.1 (19.6-48.3)

0.981

Log HOMA-β

1.47 ± 0.32

1.41 ± 0.36

1.52 ± 0.28

0.192

68 ± 19 (8.3 ± 1.7)

66 ± 17 (8.2 ± 1.6)

67 ± 20 (8.3 ± 1.8)

0.793

88.40 ± 17.68

88.40 ± 17.68

88.40 ± 17.68

0.477

0.63 ± 0.07

0.58 ± 0.09

0.69 ± 0.11

0.453

HbA1c mmol/mol (%)
Serum creatinine (µmol/l)
Orexin (ng/ml)

Legend: Variables with non-normal distributions are presented as median (interquartile range) followed by their log-transformed values. Abbreviations: BMI - body mass index; LDL cholesterol - low-density lipoprotein cholesterol; HDL cholesterol - high-density lipoprotein cholesterol; HOMA-IR - homeostasis model assessment of insulin resistance; HOMA-β - homeostasis model assessment of β-cell function; HbA1c glycated hemoglobin A1c.

continuous variables between baseline and after
three months, or before and after OGTT, were investigated using the paired t-test. The betweengroup efficacy of continuous variables between
baseline and after three months was investigated
using analysis of covariance (ANCOVA). In all
tests, a p-value <0.05 was considered necessary to
reject the null hypothesis.

3. Results
3.1 Baseline characteristics
A total of 60 medication-naïve T2DM patients
were enrolled. As the serum sample of one of the
patients in the pioglitazone arm was missing, 59
patients (30 in the metformin arm and 29 in the
pioglitazone arm) were included in the final analysis. Baseline characteristics of the patients are

Rev Diabet Stud (2017) 14:301-310

presented in Table 1. The mean age of the participants was 53.8 ± 10.8 years and ranged from 36 to
81 years. Women represented 52.5% of the subjects. Mean HbA1c concentrations were 68 ± 19
mmol/mol (8.3% ± 1.7%) with 39.0% of the patients
having HbA1c concentrations >64 mmol/mol
(>8.0%).
Two patients in the metformin arm (6.7%) reported gastrointestinal symptoms. They were advised to change the time of taking the medication.
No significant adverse events requiring medication
discontinuation were observed for either arm of
the trial, and all patients were able to tolerate the
prescribed doses. As a result, no dose titration or
switching of medication was necessary.
After three months, dose adjustment was carried out based on HbA1c values and the physician’s assessment of glycemic control. In the metformin group, the mean daily dose after three

Copyright © by Lab & Life Press/SBDR
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months was 1335 ± 225 mg/day. In
the pioglitazone group, metformin
was added to the treatment regimen
if necessary (mean dose 650 mg ± 295
mg/day).

3.2 Orexin concentrations at baseline and after OGTT

The Review of DIABETIC STUDIES
Vol. 14 ⋅ No. 2-3 ⋅ 2017

305

Table 2. Orexin concentration by age, sex, general and central obesity, and hypertension
Variable

Orexin
(ng/ml)

Age
Quartile 1 (<46 years)
Quartile 2 (46-52 years)
Quartile 3 (35-59 years)
Quartile 4 (>60 years)
Sex
Women
Men
General obesity
2
Normal weight (BMI <25 kg/m )
2
Overweight (BMI ≥25 and <30 kg/m )
2
Obese (BMI ≥30 kg/m )
1
Central obesity
Normal (Waist circumference <90 cm)
Centrally obese (Waist circumference ≥90 cm)
Hypertension
Normal
Hypertensive

p
0.006

1.04 ± 0.25
0.60 ± 0.10
0.53 ± 0.08
0.46 ± 0.09

Mean orexin concentrations at
0.309
baseline were 0.63 ± 0.07 ng/ml.
0.70 ± 0.12
0.56 ± 0.08
Baseline orexin concentrations by
0.903
sex, age, general and central obesity,
0.65 ± 0.10
and hypertension are shown in Ta0.60 ± 0.09
ble 2. A statistically significant in0.67 ± 0.18
verse association between orexin con0.984
centration and age was found (p =
0.64 ± 0.09
0.006). Orexin concentration in the
0.63 ± 0.09
youngest age quartile was about 2.30.551
fold higher than in the oldest quar0.75 ± 0.23
tile. No association between orexin
0.60 ± 0.07
concentration and gender, general
Legend: P-value for linear trend is calculated for age and general obesity.
obesity, central obesity, or hypertension was found (Table 2).
zone arms were 0.58 ± 0.09 and 0.69 ± 0.11 ng/ml,
Associations between orexin concentrations and
respectively (p = 0.453).
HOMA-IR, HOMA-β, and insulin sensitivity index
Within-group effects of metformin and pioglitafollowing OGTT are shown in Figure 1 (A-C). As
zone on the indices of glycemic control, insulin reshown in the figure, a significantly negative corresistance/sensitivity, obesity, and orexin concentralation between orexin and log HOMA-IR was found
tion after three months are summarized in Table
(r = -0.301, p = 0.024). Orexin positively correlated
3. In the metformin group, FPG, HOMA-IR, and
with log HOMA-β, although it did not fully reach
HbA1c were significantly decreased, while HOMAthe critical threshold for statistical significance (r
β was significantly increased. No significant
= 0.260, p = 0.053). Orexin concentrations at basechanges in waist circumference and BMI were
line significantly and positively correlated with innoted. Treatment with metformin resulted in a
sulin sensitivity calculated from OGTT (r = 0.326,
26% increase in orexin concentrations over a pep = 0.014). Following OGTT, serum orexin concenriod of three months (p = 0.025). In the pioglitatrations significantly decreased from 0.63 ± 0.07 to
zone group, similar changes in all indices of gly0.31 ± 0.03 ng/ml (p < 0.001). In 86% of the pacemic control were noted (Table 3). The changes
tients (n = 51), orexin concentrations decreased afin both waist circumference and BMI were not stater OGTT (ranging from -5.6% to -94.1%), whereas
tistically significant in patients receiving pioglitathe remaining 8 patients experienced increments
zone (p = 0.154 and 0.079, respectively). Although
in orexin levels.
not statistically significant, treatment with pioglitazone
led to a 14% increase in orexin concentra3.3 Treatment with metformin and pioglitations
(p
= 0.076).
zone and their effect on orexin concentrations
Comparison of the effect of each treatment on
the indices of glycemic control, insulin resisBaseline characteristics of study participants
tance/sensitivity, anthropometric measures, and
by trial arms are presented in Table 1. Patients in
orexin concentration are presented in Table 4.
the pioglitazone arm were on average 5.5 years
ANCOVA
models indicated that both medications
older than their counterparts in the metformin
are equally effective in improving FPG, HOMA-IR,
arm (56.6 ± 10.9 vs. 51.0 ± 10.2 years, p = 0.049).
HOMA-β, and HbA1c (p > 0.05 in all tests). SimiAll other demographic, clinical, and laboratory
larly, after controlling for age, no significant bevariables were comparable between the two trial
tween-group differences with respect to threearms (p > 0.05 in all tests). The mean baseline
month changes in waist circumference or BMI
orexin concentrations in metformin and pioglita-
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B

A

2.5
3.0

2.0

Log HOMA-β

Log HOMA-IR

2.0

1.0

1.5

1.0
0

0.5
0

0.5

1.0

1.5

2.0

2.5

3.0

0

0.5

1.0

1.5

2.0

2.5

3.0

Orexin concentration (ng/ml)

Orexin concentration (ng/ml)

C

Insulin sensitivity following OGTT

12

10

8

6

4

2

0
0

0.5

1.0

1.5

2.0

2.5

3.0

Orexin concentration (ng/ml)

Figure 1. Correlations between serum orexin concentrations and indices of insulin resistance/sensitivity. A: Significant and
negative correlation between orexin and log HOMA-IR (r = -0.301, p = 0.024). B: Positive correlation between orexin and log
HOMA-β (r = 0.260, p = 0.053). C: Significant and positive correlation between orexin and insulin sensitivity index following
OGTT (r = 0.326, p = 0.014). Given the strong association between orexin concentration and age, all correlations are adjusted
for age. Abbreviations: HOMA-IR - homeostasis model assessment of insulin resistance; HOMA-β - homeostasis model assessment of β-cell function; OGTT - oral glucose tolerance test.

4. Discussion
were documented (p > 0.05). Finally, treatment
with metformin or pioglitazone resulted in comparable outcomes in term of orexin increment in
medication-naïve patients with T2DM (p = 0.742,
Table 4).

Rev Diabet Stud (2017) 14:301-310

In our sample of newly diagnosed patients with
T2DM, we aimed to investigate the association between orexin concentration and insulin resistance/sensitivity. Our observations show a negative association between peripheral orexin and insulin resistance.
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lowing gastric banding, no significant changes in plasma orexin concentrations were observed [27]. In
Variable
Baseline
Three months
p
our sample of patients, no significant
Metformin
association between orexin levels
Log fasting plasma glucose
0.98 ± 0.17
0.85 ± 0.14
<0.001
and either general or central obesity
Log HOMA-IR
1.37 ± 0.69
0.84 ± 0.61
<0.001
was found. In fact, orexin concentraLog HOMA-β
1.41 ± 0.36
2.16 ± 0.54
<0.001
tions were comparable between
HbA1c mmol/mol (%)
66 ± 17 (8.2 ± 1.6) 54 ± 15 (7.0 ± 1.4) <0.001
normal and obese patients (0.65 vs.
Waist circumference (cm)
97.8 ± 11.2
97.6 ± 10.9
0.608
0.67 ng/ml). Therefore, the relation2
28.7 ± 5.5
28.6 ± 5.5
0.771
BMI (kg/m )
ship between obesity and peripheral
Orexin (ng/ml)
0.58 ± 0.09
0.73 ± 0.07
0.025
orexin seems to be complex and nonPioglitazone
linear; there may be some unknown
Log fasting plasma glucose
0.96 ± 0.14
0.86 ± 0.15
<0.001
confounders contributing to this asLog HOMA-IR
1.13 ± 0.62
0.76 ± 0.48
0.001
sociation.
Log HOMA-β
1.52 ± 0.28
2.16 ± 0.51
<0.001
In the present study, OGTT reHbA1c mmol/mol (%)
67 ± 20 (8.3 ± 1.8) 56 ± 18 (7.3 ± 1.7)
0.012
sulted
in a significant reduction in
Waist circumference (cm)
96.3 ± 10.7
97.0 ± 11.4
0.154
serum
orexin concentrations after
2
BMI (kg/m )
28.4 ± 4.1
28.7 ± 4.2
0.079
120
min
(from 0.63 to 0.31 ng/ml). In
Orexin (ng/ml)
0.69 ± 0.11
0.79 ± 0.10
0.076
86% of the patients, the net change
Legend: Variables with non-normal distribution were log-transformed. Abbreviatiin orexin levels was negative; only 8
ons: BMI - body mass index; HbA1c - glycated hemoglobin A1c; HOMA-β - homeosubjects (14%) experienced increstasis model assessment of β-cell function; HOMA-IR - homeostasis model assessments in orexin concentrations. Our
ment of insulin resistance.
findings are in agreement with a
previous study by Ouedraogo et al.
Before discussing the main findings in detail, a
where high glucose levels were shown to reduce
few corollary observations deserve mention.
orexin secretion from the islet cells in the pancreas
Orexin concentrations were negatively associated
[12]. Overall, it appears that peripheral orexin in
with age. In the youngest age category, orexin conthe blood, at least in that originating from the
centrations were more than twofold higher than in
pancreas, decreases following hyperglycemia and
patients in the oldest age category. In line with our
increases in response to hypoglycemia and fasting.
findings, in an experimental study, old (3-4
Two key findings in our study suggest a negamonths) hybrid rats were shown to experience a
tive link between orexin and insulin resistance:
greater than 40% loss in their orexinimmunoreactive neurons compared with young
1. Orexin concentrations were negatively corre(26-28 months) rats [25]. Since peripheral orexin is
lated with HOMA-IR, a surrogate measure
in part produced centrally, and crosses the bloodof insulin resistance. Additionally, orexin
brain barrier, the loss of orexigenic neurons in
concentrations were positively correlated
both medial and lateral sectors of the hypothalawith the insulin sensitivity index derived
mus with age may explain the decline in periphfrom OGTT.
eral orexin concentrations in older individuals.
2. The observation that three-month treatment
Findings from studies investigating the relawith either metformin or pioglitazone retionship between peripheral orexin and obesity
sulted in significant improvements in glycehave been inconsistent. In a study of 23 healthy
mic control and glucose sensitivity is paralindividuals with BMI ranging from 19.8 to 59
leled by an increase in peripheral orexin
kg/m2, orexin concentrations were found to correconcentrations.
late negatively with BMI [26]. Morbidly obese individuals were found to have significantly lower
Compared with baseline, orexin concentrations
orexin concentrations than their normal-weight
were increased by about 26% in the metformin and
counterparts. Conversely, Heinonen et al. have
14% in the pioglitazone group three months after
shown that peripheral orexin concentrations are
treatment. There were no significant differences
markedly higher in morbidly obese bariatric surbetween the two medications.
gery candidates than in normal-weight controls
Recently, Park et al. have investigated the pos[27]. However, it should be noted that, despite an
sible effects of exogenous orexin on glucose and inaverage weight loss of 39-48 kg over one year folsulin levels following acute glycemic challenge
Table 3. Within-group effects of metformin and pioglitazone on indices of glycemic control, obesity, and orexin concentration
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important benefits later
in the disease process and
in preventing diabetes
Variable
Adjusted baseThree months mean
p
line mean
(95% CI)
complications. In a recent
Metformin
Pioglitazone
study, Harada et al. have
Log fasting plasma glucose
0.98
0.85 (0.80-0.89)
0.87 (0.82-0.91)
0.560
suggested a neuroprotecLog HOMA-IR
1.26
0.77 (0.59-0.96)
0.82 (0.64-1.00)
0.751
tive role for central orexin
Log HOMA-β
1.46
2.17 (1.96-2.38)
2.14 (1.94-2.35)
0.865
following ischemia. Based
HbA1c (mmol/mol)
68
53 (48-59)
56 (50-62)
on their observations, diHbA1c (%)
8.37
7.04 (6.49-7.59)
7.29 (6.75-7.84)
0.519
rect administration of
Waist circumference (cm)
96.72
96.61 (95.84-97.37) 97.36 (96.59-98.12)
0.179
orexin in the hypothala2
28.42
28.39 (27.98-28.80) 28.67 (28.26-29.07)
0.347
BMI (kg/m )
mus prevents glucoseOrexin (ng/ml)
0.64
0.74 (0.59-89)
0.77 (0.63-0.92)
0.742
induced,
post-ischemic
neuronal damage in a
Legend: All ANCOVA models are adjusted for age, due to significant age differences between the
dose-dependent manner
trial arms. Variables with non-normal distributions are log-transformed. Abbreviations: BMI - body
mass index; CI - confidence interval; HbA1c - glycated hemoglobin A1c; HOMA-β - homeostasis
[31]. More recently, they
model assessment of β-cell function; HOMA-IR - homeostasis model assessment of insulin resistanhave shown that the proce.
tective effect is due to the
reversal of increased hepatic gluconeogenesis and
[28]. In their experimental model of diabetic mice,
decreased hepatic insulin receptor expression [32].
exogenous orexin delivered subcutaneously followTo the best of our knowledge, our study is
ing a glucose load decreased blood glucose concenamong the first to investigate the association betrations through an increase in glucose-stimulated
tween peripheral orexin and insulin resisinsulin secretion from beta-cells, a reduction in
tance/sensitivity in T2DM. The present study was
glucagon secretion, and a delayed but sustained
not designed to find a causal link between orexin
increase in leptin levels [28]. Similar findings have
and insulin resistance. As previous studies have
been reported previously by Tsuneki et al. where a
suggested, orexin affects insulin secretion and sedecrease in blood glucose levels following injection
rum glucose concentrations, which in turn play a
of exogenous orexin-A and orexin-B in streptozotokey role in the regulation of orexin levels. The precin-induced diabetic mice was observed, although
sent study contributes to the understanding of
in the fasting state only [29].
orexin and its effects in the clinical context by
Irrespective of its role in stimulating insulin seshowing that peripheral orexin concentrations are
cretion, orexin may also contribute to an amelioranegatively associated with insulin resistance and
tion of glucose intolerance through a direct effect
that amelioration of insulin resistance by antidiaon target organs like adipose tissue. In rats
betic treatment increases orexin concentrations
treated with orexin for four weeks, Skrzypski et al.
over time.
showed that peripheral orexin directly enhances
Metformin and pioglitazone represent common
glucose uptake through translocation of the gluantidiabetic medications, but they improve glycecose transporter GLUT4 from the cytoplasm to the
mic control through distinct pathways and mechaplasma membrane [30]. Furthermore, orexin ennisms. The comparability of orexin changes in pahanced the expression and secretion of insulintients treated with proportionate doses of either
sensitizing adipocytokine adiponectin from adipometformin or pioglitazone suggests that the elevacytes [30]. Taken together, these observations contion in orexin concentrations is mainly due to the
firm that the functions of peripheral orexin in reoverall improvement in hyperglycemia and insulin
ducing insulin resistance are multifaceted, and inresistance; it does not seem to depend on the speclude actions in both the pancreas and target tiscific drug’s mechanism of action.
sues.
Disclosures: The authors reported no conflict of interBeside the role of orexin in the development of
ests.
insulin resistance and T2DM, it may also confer
Table 4. Between-group effects of metformin and pioglitazone on indices of glycemic control, obesity, and orexin concentration
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