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Serum nesfatin-1 and galanin concentrations in the adult
with metabolic syndrome

Relationships to insulin resistance and obesity

Maryam N. Alotibi, MMS, Amina M. Alnoury, MD, Amani M. Alhozali, MD, SSC-Med.
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Objectives: To investigate the serum levels of
nesfatin-1 and galanin in patients with metabolic
syndrome (MetS), and also to show their association

with the parameters of the disease.

Methods: We performed a case-control study with
84 participants (44 patients with MetS diagnosed
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according to the American Heart Association/
National Heart, Lung, and Blood Institute and
International Diabetes Federation criteria and 40
control group) were recruited from King Abdulaziz
University Hospital, Jeddah, Saudi Arabia, between
October 2014 and June 2015. Anthropometric
parameters, biochemical markers as well as nesfatin-1
and galanin were measured.

Results:  Nesfatin-1 levels were found to be
significantly lower and galanin levels significantly
higher in MetS group compared to the control group.
A significant negative correlation between serum
nesfatin-1 and weight, waist circumference, and
body mass index were observed. A significant positive
correlation between serum galanin and with fasting
blood glucose, glycosylated hemoglobin, homeostasis
model assessment-insulin resistance, and triglycerides.

Conclusion: Our findings indicated a lower level of
nesfatin-1 and a higher level of galanin in patients
with MetS, suggesting a role of these neuropeptides in
the pathogenesis of this disease.
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etabolic syndrome (MetS) denotes a group of
metabolic risk factors for cardiovascular diseases
and diabetes, including central obesity, elevated blood
glucose levels and/or hyperinsulinemia, dyslipidemia,
and elevated blood pressure.! Its prevalence is rapidly
increasing, and it has become an epidemic health
problem.? The prevalence of MetS among Saudi adults
ranges from 16% to 40% according to the study
area and definition utilized.> The exact role of these
physiopathological causes underlying MetS has not
been fully elucidated. Many peptide hormones and
neural satiety signals that were first detected in the
hypothalamus have been shown in many peripheral
tissues, including adipose tissue and the gastrointestinal
tract. These peptides play essential roles in body weight
regulation, feeding conduct, and body energy balance.**
One of these neuropeptides is nesfatin-1, which was
identified in 2006 as an anorexigenic neuropeptide;
nesfatin-1 is an 82 amino acids peptide derived from
the precursor hypothalamic protein; nucleobindin-2
(NUCB2) by posttranslational modification.” It is
widely expressed in the central nervous system and
several tissues, such as the pancreatic islet cells, pituitary
gland, adipose tissue, and stomach.® It has a key role in
regulating food intake, body weight, appetite stimulation
and body energy balance.”'® The relationship between
nesfatn-1 and MetS is still studied. It was found to
have anti-hyperglycemic and insulinotropic properties
in addition to its anorexigenic effects.'’ Nesfatin-1
enhances glucose-stimulated insulin secretion from
B-cells through the direct interaction involving Ca2+
entry via (L-type calcium channels).”” Increasing
evidence support the participation of this neuropeptide
in the regulation of metabolism. Investigation of the
association of circulating NUCB2/nesfatin-1 with
body weight showed that circulating plasma NUCB2/
nesfatin-1 levels were lower in cases of anorexia nervosa
and higher in obese persons.!>'4
Another neuropeptide is galanin, a 29-amino acid
peptide that was discovered in 1983 in the porcine
intestine as an orexigenic neuropeptide; it is mainly
synthesized in the central and peripheral nervous systems
and gastrointestinal tract.'>'® It exerts its effects through
the activation of galanin receptors 1, 2, and 3. It plays an
important role in the regulation of energy balance and
modulation of food intake."” Existing evidence propose
that galanin could contribute to the event of MetS in
adults. Several animal and clinical studies reported that
galanin improves insulin sensitivity and enhance glucose
clearance in adipose tissue, skeletal muscle and heart
muscle by glucose transporter type 4 receptors. It also
suppresses glucose-stimulated insulin secretion in both
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human and animal models.'®**® Galanin concentration
was noted to be significantly increased in type 2 diabetes
mellitus (T2DM), gestational diabetes mellitus (GDM)
and obese subjects.'®?!

Due to the lack of a consensus on nesfatin-1 and
galanin concentrations and their relationship to
anthropometric and metabolic parameters in case of
MetS, we aim to investigate the levels of galanin and
nesfatin-1 in patients with MetS and explore their
association with the parameters of the disease.

Methods. This was a case-control study that was
conducted between October 2014 and June 2015 in the
Internal Medicine Outpatient Clinic at King Abdulaziz
University Hospital, Jeddah, Saudi Arabia. It included
84 participants who were further divided into 2 groups;
group 1 included 44 MetS patients (23 females and
21 males), while group 2 was comprised of non-MetS
control group hospital based (22 females and 18 males).

We selected control participants from dentist,
orthopedic, and ophthalmology clinic through purposive
sampling technique. The participants’ ages ranged from
35 to 75 years old. Each subject was medically examined
and interviewed using the standardized questionnaire
in relation to the history of disease and medications.
Subjects with renal disease, thyroid disorder, pregnancy
or liver disease were excluded. Informed consent was
obtained from the subjects. The study protocol was
approved by the Biomedical Ethics Research Committee
of the Faculty of Medicine, King Abdulaziz University,
Jeddah, Saudi Arabia.

All participants were screened for MetS based on the
criteria set by the American Heart Association/National
Heart, Lung, and Blood Institute (AHA/NHLBI) and
International Diabetes Federation (IDF).?> At least
3 of the following 5 metabolic abnormalities had to
be present: 1) central obesity, as indicated by waist
circumference (WC) (males: >80 cm and females: >94
cm); 2) impaired fasting blood glucose (FBG) 25.5
mmol/L or current drug treatment for elevated glucose;
3) raised triglycerides (T'G) >1.7 mmol/L or treatment
for this lipid abnormality; 4) reduced glycosylated
hemoglobin (HbAlc) level (males: <1.03 mmol/L and
for females: <1.3 mmol/L) or treatment for this lipid
abnormality; and 5) hypertension (systolic and/or
diastolic blood pressures 2130/85 mm Hg or who were
receiving antihypertensive treatment).

Waist circumference, body weight, and height were
assessed for all the participants. Body mass index (BMI)
was calculated as weight in kilograms divided by height
(in meters) squared. Waist circumference was recorded
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in centimeters. Blood pressure was measured by the
standard procedure.

Venous blood samples (total of 5 mL blood) were
drawn from the participants in the morning after
(=120-14 hours) fasting. The serum samples of each
participant were collected into a vacutainer serum
separator tubes and separated into clean dried Eppendorf
tubes and stored at “80°C until needed.

All biochemistry measurements were assayed at
KAUH’s clinical laboratory. Total cholesterol (TC),
high-density  lipoprotein  cholesterol ~ (HDL-C),
low-density lipoprotein cholesterol (LDL-C), TG,
FBG, insulin, and HbAlc were assessed using the
Dimension Vista System (Dimension Vistal500,
Healthcare Company, New York, USA). Fasting
blood glucose was performed by enzymatic hexokinase
method, while TC, HDL-C, LDL-C, and TG were
assessed by the enzymatic methods. Glycosylated
hemoglobin (HbA1c) was determined by a turbidimetry
immunoassay. Serum insulin was determined using
a direct chemiluminescent technology immunoassay
(ADVIA Centaur Insulin Assay). Insulin resistance was
estimated using homeostasis model assessment-insulin
resistance (HOMA-IR) with the following formula:
fasting plasma glucose (mmol/L) x fasting serum insulin
(uU/mL)/22.5.

The concentration of nesfatin-1 in serum was

determined using a Human Nesfatin-1 ELISA kit

(Cusabio Biotech, Wuhan, China). This test kit is
effective in the range of 31.25-2,000 pg/ml. While
the concentration of galanin in serum was determined
using a Human Galanin ELISA kit (Cusabio Biotech,
Wuhan, China). This test kit is effective in the range of
4.7-300 pg/ml.

Statistical analysis. Data were entered and analyzed
using the Statistical Package for Social Sciences (Version
20, SPSS Inc., Chicago, IL, USA). Descriptive data
were given as the mean + standard deviation (SD).
Levenes test was applied to see the equality of variances.
Comparison of the means between 2 groups was
made with the independent-samples t-test, whereas
the differences in percentages of categorical variables
were assessed using a Chi-square test. The relationship
between serum nesfatin-1, galanin concentrations, and
components of MetS were calculated using pearson’s
correlation test. For all the tests, the differences were
considered significant at a p<0.05.

Results. A total of 84 subjects were enrolled in this
case-control study. The mean age of cases and controls
was 54.05+9.28 and 57.05£8.53 years. The subjects
were stratified into 2 groups: MetS group (n=44)
(male: 21 and female: 23) and the control group (n=40)
(male: 18 and female: 22). The clinical and biochemical
characteristics of the groups are summarized in Table 1.
Significant differences (p<0.05) between participants

Table 1 - The clinical and biochemical characteristics of the studied groups.

Variables Control subjects Metabolic syndrome P-value
(n=40) patients (n=44)
Age (year) 54.05 +9.28 57.05 + 8.53 0.127
Height (cm) 159 + 0.08 162 + 0.08 0.070
Weight (kg) 73.97 £ 13.62 83.02 + 15.22 0.005
BMI (kg/m?) 29.30 +5.97 31.29 + 491 0.097
Waist circumference (cm) 90.60 + 11.68 108.05 + 11.15 0.000
Systolic blood pressure (mm Hg) 121.35 + 11.96 141.18 +17.83 0.000
Diastolic blood pressure (mm Hg) 73.63 + 8.98 74.86 + 11.41 0.585
Fasting blood glucose (mmol/l) 5.28 +0.62 8.81+2.72 0.000
HbA1C (%) 5.62 £ 0.39 7.69 + 1.57 0.000
Insulin (mlU/L) 12.14 + 5.88 15.81+7.73 0.017
HOMA-IR 2.87 + 1.46 6.41 + 4.35 0.000
Total cholesterol (mmol/L) 5.22 +0.96 4.49 + 1.04 0.000
Triglycerides (mmol/L) 1.29 +0.54 1.62+0.73 0.024
HDL-C (mmol/L) 1.41 £ 0.36 1.31 £ 0.54 0.366
LDL-C (mmol/L) 3.24 +0.75 2.84 +0.93 0.034
Nesfatin-1 (pg/ml) 2017.14 + 871.34 1659.91 + 1078.35 0.035
Galanin (pg/ml) 35.99 + 30.57 53.12 + 35.79 0.015

Values are represented as meant standard deviation. p<0.05 is significant, BMI- body mass index, HbA1C
- glycosylated hemoglobin, HOMA-IR - homeostasis model assessment for insulin resistance, HDL-C - high
density lipoprotein-cholesterol, LDL-C - low density lipoprotein-cholesterol
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Table 2 - Frequencies and percentages of metabolic syndrome risk factors
among the studied population.

MetS risk factors Controls MetS P-value
(n=40) (n=44)

Central obesity 19 (47.5) 42 (95.5) 0.000

High FBG 4 (10.0) 44(100.0) 0.000

Hypertension 1 (2.5) 41 (93.2) 0.000

Low HDL-C 2 (5.0 19 (43.2) 0.000

High triglyceride 4 (10.0) 18 (40.9) 0.001

Values are represented as number and (percentage). HDL-C - high
density lipoprotein-cholesterol, FBG - fasting blood glucose

with MetS and controls were found for the components
of MetS (WG, systolic blood pressure [SBP], TG, and
FBG). There was no significant difference (p>0.05)
between groups in age, height, BMI, diastolic blood
pressure (DBP), or HDL-C. Regarding the analysis of
serum nesfatin-1 and galanin levels. The data showed
significantly lower levels of nesfatin-1 in MetS patients
than in control subjects, p<0.05. In contrast, the mean
serum levels of galanin were significantly higher in
patients with MetS compared with the control subjects.

The prevalence of MetS risk factors among the
controls and MetS patients were studied using the
AHA/NHLBI and IDF criteria, as shown in Table 2. The
prevalence of all risk factors (high FBG, hypertension,
low HDL-C levels, abdominal obesity, and high TG)
was significantly higher in the MetS group than in
the control group (p<0.001). Among the individual
components of MetS, the most prevalent risk factors in
patients were the high FBG levels, abdominal obesity,
and hypertension while the least prevalent were low
serum HDL-C and high serum TG. In the control
group, the most prevalent risk factor was abdominal
obesity, indicating increased obesity among the studied
population.

Table 3 reveals that galanin correlated positively
with FBG, HbA1C, HOMA-IR, and TG (p<0.05).
Nesfatin-1 correlated negatively with weight, WC, and
BMI (p<0.05). No correlation between galanin and
nesfatin-1 was observed.

Discussion. Metabolic syndrome is one of the most
complex and heterogeneous disorders. It is characterized
by abdominal obesity, hypertension, hyperglycemia, and
lipid metabolic abnormalities. It has been identified as
an independent cardiovascular diseases risk beyond the
sum of its individual components.' The prevalence of
MetS is increasing in most countries; one possible reason
for this is the epidemic of obesity in most populations.?
Neuropeptides probably play a critical role in MetS. In
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Table 3 - Correlation between serum galanin, nesfatin-1 levels and
variables in the studied population.

Variables Galanin Nesfatin-1
r P-value r P-value

Clinical parameters
Age 0.144 0.190 0.200 0.069
Height 0.097 0.381 -0.102 0.357
Wcight 0.004 0.974 -0.348 0.001
BMI -0.063 0.566 -0.282 0.009
WC 0.072 0.518 -0.376 0.000
SBP -0.024 0.829 -0.072 0.515
DBP 0.032 0.770 -0.071 0.520

Biochemical parameters
FBG 0.322 0.003 -0.172 0.118
HbA1C (%) 0.289 0.008 -0.121 0.273
Insulin 0.168 0.127 -0.095 0.288
HOMA-IR 0.255 0.019 -0.136 0.217
Total cholesterol 0.003 0.976 -0.110 0.318
Triglycerides 0.243 0.026 -0.191 0.081
HDL-C -0.166 0.131 -0.057 0.603
LDL-C 0.045 0.681 -0.164 0.136
Nesfatin-1 (pg/ml) 0.085 0.440 0.085 0.440

7 - Pearson’s correlation, p<0.05 is significant, WC - waist circumference,
BMI - body mass index, SBP - systolic blood pressure, DBP - systolic blood
pressure, FBG - fasting blood glucose, HbAlc - glycosylated hemoglobin,
HOMA-IR - homeostasis model assessment for insulin resistance,
HDL-C - high density lipoprotein-cholesterol,

LDL-C - low density lipoprotein-cholesterol

recent years, the number and varieties of neuropeptides
have been growing; therefore, understanding the diverse
effects of these identified neuropeptides is important.*’
In this study, our primary aim was to investigate the
levels of nesfatin-1 and galanin in patients with MetS,
as defined by the AHA/NHLBI and IDF criteria and
compare their serum levels with those of controls.
We also assessed the relationship between these 2
neuropeptides and biochemical markers of MetS.

In the present study, TG, FBG, SBP, and WC (risk
factors for MetS) were significantly higher in patients
with MetS when compared with the control group.
Neither DBP nor HDL-C was significantly different
between the 2 groups, and this may have been due to
drug treatment for hypertension and dyslipidemia.

Our observations showed that serum galanin
concentrations were higher in MetS patients than in
their control subjects. No previous study has analyzed
galanin among adults with MetS, but has only been
done in patients with individual components of MetS.
In this study, a significant positive correlation was
determined between serum galanin and FBG, HbA1C,
and HOMA-IR (parameters indicating diabetes). This
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is in accordance with previous reports that showed a
statistically significant positive correlation between
galanin concentrations and FBG content in healthy
individuals and patients with T2DM during the
glucose tolerance test, pregnant women with GDM
and non-pregnant women with T2DM.?! Moreover,
a positive association was shown between the plasma
concentrations of galanin and HbAlc in children with
T1DM.” Zhang et al* showed a significant positive
correlation between galanin and HO MA-I R. These
data seem to indicate that the enhanced galanin
concentration may be a consequence of increased
serum glucose. Regarding the lipid profile, Fang et
al® reported that a statistically significant positive
correlation between galanin concentrations and TG in
obese participants. Similarly, in the present study serum
galanin levels were significantly positive correlated with
TG.

Our data did not show a correlation between the
serum galanin level and body weight, BMI, or WC.
In the literature, several studies closely related galanin
to body weight and obesity via regulation of food
intake in animals and humans.”® Plasma galanin levels
were reported to be increased in obese females versus
control subjects, especially in individuals with a BMI
>31. In comparison, the concentrations of galanin
were reduced in lean women compared with healthy
subjects, suggesting that circulating concentrations
of galanin are increased in individuals with a greater
visceral fat mass.”” These results are not in agreement
with the findings of this study, which may be explained
according to the small size of the studied population or
high percentage of obese persons in the patient (95.5%)
and control groups (47.5%).

The relationship between galanin and hypertension
has not been completely understood. Some research
studies have reported the implications of galanin in
the regulation of blood pressure and heart rate in
animals.”® A recent study found that the plasma galanin
concentrations were reduced in obese individuals with
hypertension compared with age- and BMI-matched
obese control groups. Furthermore, the plasma galanin
concentration was negatively correlated with DBP
in obese subjects with hypertension.”* However,
our study found no correlation between the serum
galanin level and DBP and a non-significant negative
correlation with SBP. Regarding the other neuropeptide,
nesfatin-1, we observed significantly lower nesfatin-1
concentrations in individuals with MetS versus a
control. In previous study, there has been only one
study that also showed lower levels of nesfatin-1 in MetS

patients.”® In the present study, no correlation between
the nesfatin-1 level and FBG, HbA1C, fasting insulin,
and HOMA-IR were observed. The important role of
nesfatin-1 in the metabolism of glucose and insulin has
been reported in several studies. However, the results of
these studies on the relationships between nesfatin-1 and
diabetes or insulin resistance have revealed inconsistent
findings. Su et al’! showed a decrease in plasma glucose
levels after nesfatin-1 injection in rats, and they suggested
that the anti-hyperglycemic effect of nesfatin-1 probably
occurs through the insulin signal pathways, but the
exact mechanism was not elucidated. Some studies have
shown reduced nesfatin-1 concentrations in patients
with T2DM and high nesfatin-1 levels in patients with
T1DM compared with healthy adults.? Furthermore,
nesfatin-1 concentrations were also reported to be
decreased in patients with GDM compared with control
pregnant women.” Deniz et al** determined that serum
nesfatin-1 concentrations were lower in women with
polycystic ovary syndrome who had insulin resistance
compared with the control group. However, other
studies have observed a high nesfatin-1 concentration
in patients with T2DM and patients with impaired
glucose tolerance, with a positive correlation between
plasma nesfatin-1 concentrations and FBG, plasma
insulin, second-hour blood glucose after a glucose load,
and HOMA-IR.*®> Moreover, intravenous infusion
of glucose significantly increased basal nesfatin-1
concentrations in healthy adult subjects.*®

Our study demonstrated negative correlations
between nesfatin-1 and WC, BMI, and body weight
(obesity parameters). An early study has shown an inverse
correlation between nesfatin-1 concentrations and
BMI in non-obese subjects.”” Moreover, another study
observed a significant decrease in the levels of the fasting
nesfatin-1 in the subjects with higher BMI compared
to control group and showed a negative correlation
between nesfatin-1 and BMI, body fat percentage
and body fat weight.”® Furthermore, in patients with
a non-alcoholic fatty liver disease, serum nesfatin-1
concentrations in obese subjects were significantly
reduced compared with non-obese subjects.”” Another
study has proved the positive correlation between BMI
and nesfatin-1 levels in obese and overweight subjects."

Regarding the lipid profile, there has been no prior
report in the literature concerning the relationship
between the lipid profile and nesfatin-1 concentrations
in MetS patients. One study found that nesfatin-1
was negatively correlated with TG in patients with
hypothyroidism.*> Another found a positive correlation
between nesfatin-1 concentrations and HDL-C in
patients with T2DM.*" In the current study, we
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did not observe any correlation between nesfatin-1
concentrations and HDL-C, LDL-C, TC, or TG.
Concerning the effect of nesfatin-1 on blood pressure,
the results of the different studies are contradictory.
Intravenous injection of nesfatin-1 in rats and mice
resulted in a significant elevation of blood pressure.*?
Moreover, Zhao et al®® found a significant increase in
plasma nesfatin-1 levels in patients with hypertension
versus control subjects, as well as positive correlations
with SBP and DBP, especially in overweight/obese
hypertensive patients. That study supported the
relationship between nesfatin-1 and blood pressure. In
contrast, another study with obese versus normal weight
individuals did not find any relationship between
nesfatin-1 and SBP or DBP# In the present study, no
significant association was found between the nesfatin-1
concentrations and SBP or DBP.

Study limitations. The main limitation is the small
sample size and recruitment of unhealthy controls (with
fewer than 3 risk factors). This may explain the absence
of a significant difference when comparing some
variables between the 2 groups. Another limitation
is that most of the patients were taking drugs for the
treatment of different MetS risk factors, such as diabetes
and hypertension, which would have influenced the
results. This study was performed for partial fulfilment
of master’s degree and it was limited by time and the
sample sizes justification was not done due to time
limitation as a determining factor for number of
samples.

In conclusion, our findings indicated a lower level of
nesfatin-1 and a higher level of galanin in patients with
MetS compared with control group. No significant
relationship was found between nesfatin-1 and galanin.
We recommend future studies with a larger sample
size to clarify the exact role of these neuropeptides in
the MetS process and address the link of galanin and
nesfatin-1 with metabolic disturbances, such as obesity
and insulin resistance.
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