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Introduction
The role of metabolic dysregulation in the pathogenesis 
of various chronic diseases including cardiovascular 
diseases, diabetes, cancer, and other chronic conditions, 
has recently become a challenging topic.1 Cardio-
metabolic risk (CMR), as combined vascular and 
metabolic components, refers to various risk factors such 
as hypertension, dyslipidemia, and abdominal obesity that 
increase the probability of experiencing cardiovascular 
events.2 Cardio-metabolic dysregulations because of 
chronic sub-clinical inflammation and oxidative stress, 

leads to the adipokines dysregulation. Adipokines are 
the signaling proteins with some key  roles in metabolic 
regulation.3

Neurotrophins including nerve growth factor (NGF) 
family and brain derived neurotrophic factor (BDNF) are 
small polypeptides with potent effects on health and well-
being of the neuronal and non-neuronal cells.4,5 Recently, 
NGF and BDNF as adipokines are taken into consideration 
due to their possible roles in some metabolic disorders 
such as diabetes mellitus6,7, atherosclerosis8 and metabolic 
syndrome (MetS).9 Despite the contradictory results10, 
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Abstract
Introduction: Although, some evidence has shown that obestatin, ghrelin, and neurotrophic 
factors can be involved in the development of cardio-metabolic risk factors, there are some 
contradictions in this regard. We aimed to investigate the association of serum neurotrophic 
factors and some gastric hormones with cardio-metabolic risk factors among apparently healthy 
women. 
Methods: In the present study, 90 apparently healthy women were recruited by a convenient 
sampling method from the nutrition counseling clinic in Tabriz, Iran. All participants need 
dietary counseling for weight loss and were recruited before receiving any dietary interventions. 
Anthropometric, biochemical, physical activity, and blood pressure (BP) measurements, as well 
as dietary assessment, were done in all participants. 
Results: Women who were in the highest tertile of serum obestatin levels (OR = 0.118, 95% CI: 
0.035-0.396) had a significantly lower risk for development of hypertriglyceridemia compared 
to the reference group (P trend < 0.001). Participants in the highest tertile of serum ghrelin had 
a significant lower risk of hypertriglyceridemia, hyperglycemia, low HDL-C, and MetS (P 

trend < 0.05). Women who were in the higher tertile of serum NGF levels had a significantly 
lower risk for development of hypertriglyceridemia after adjustment for potential confounding 
variables (OR = 0.091, 95% CI: 0.023-0.361 and OR = 0.193, 95% CI: 0.057-0.649 respectively). 
Conclusion: In the current study serum levels of obestatin, NGF, and ghrelin were associated 
with some cardio-metabolic risk factors such as hypertriglyceridemia and MetS. It seems that 
these factors are associated with metabolic regulation. However, further studies are needed to 
substantiate this claim.
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the growing body of evidence suggests that low levels of 
circulating BDNF and NGF were significantly associated 
with high body mass index (BMI), hemoglobin A1C 
(HbA1C) and hypertriglyceridemia.11 

The circulating levels of obestatin, ghrelin and obestatin 
/ghrelin ratio have recently been a subject of intense 
research in cardio-metabolic disease.12 Obestatin, a 
peptide hormone released from the stomach, is encoded 
by the pre-proghrelin gene.13,14 Ghrelin is produced 
predominantly by the gastrointestinal tract and involved 
in the regulation of energy balance.11,15 This peptide acts as 
an insulin secretagogue, however the exact mechanism of 
its action on metabolism regulation is less clear.16 

Although, some evidence has shown that obestatin, 
ghrelin and neurotrophic factors can be involved in 
development of CMR by affecting specific biological 
processes; there are some contradictions in this regard. 
Previous studies have often measured the serum/plasma 
level of BDNF, NGF, obestatin and ghrelin in MetS, obese 
and/or healthy groups and compared these levels between 
groups. There are so limited risk assessment studies in 
this regard; specially, regression risk assessment on the 
mentioned adipokines and neurotrophins and CMR 
factors. So, in the present study we conducted the risk 
assessment analysis of BDNF, NGF, obestatin and ghrelin 
with CMR factors among apparently healthy women. 

Materials and methods
Study participants
In the present study, ninety apparently healthy women 
were recruited by a convenient sampling method from 
the Asad Abadi nutrition counseling clinic in Tabriz, 
Iran from January to June 2015. All participants need 
dietary counseling for weight loss and were recruited 
before receiving any dietary interventions. The Ethical 
Committee of Tabriz University of Medical Sciences, 
Tabriz, Iran approved the study protocol, and all 
participants have signed the written informed consent 
form before the study beginning. (Ethical code: TBZMED.
REC.1394.111). For this cross-sectional analysis, inclusion 
criteria include pre-menopause women aged between 
30-50 years. Exclusion criteria include: medical history 
of any chronic, endocrine, infectious, inflammatory, or 
psychiatric diseases, receiving medical and nutritional/
dietary therapy (i.e., weight loss, anti-inflammatory, 
anti-hypertensive, corticosteroid and estrogen drugs, 
contraceptives and therapeutic supplements) during 
the three months before the study, BMI ≥ 40 kg/m2, 
alcohol consumption, smoking, being pregnant or 
breast-feeding. The American Heart Association (AHA) 
criteria17 were used to assess MetS status among the study 
participants.  Based on this criteria, women who have 
three or more the following risk factors were classified 
into MetS group: waist circumference (WC) > 88 cm, 
fasting blood sugar (FBS) ≥ 100 mg/dL, high-density 
lipoprotein  cholesterol (HDL-C) < 50 mg/dL, triglyceride 

(TG) ≥ 150 mg/dL, blood pressure (BP) ≥ 130/85 mm Hg.

Dietary and anthropometric measurements
A 3-day dietary record questionnaire was used for 
the dietary assessment of all participants. A trained 
nutritionist explained to all participants the instruction on 
how to fill the questionnaire. The pre-structured dietary 
record including separate pages for recording full details 
of all consumed meals and snacks, was given to them for 
all three days. Participants were asked to fill the dietary 
questionnaire for two usual and one holiday in a week. 
All records were checked after completion, and if needed, 
the trained nutritionist requested the participants for 
more clarification by phone call. We used Nutritionist-4 
software for analysis of dietary records for extracting 
nutrients and calorie intake. A digital scale measured 
bodyweight while subjects wore a light gown and barefoot 
to the nearest 0.10 kilogram. A wall-mounted stadiometer 
was used to measure barefooted height to the nearest 0.5 
cm. BMI was calculated based on the following formula: 
weight (kg)/ height(m2). A tape meter was used to WC 
measurement nearest 0.5 cm at the midpoint between the 
lower costal margin and iliac crest. Also, hip circumference 
was measured around the widest portion of the buttocks. 
For calculation of Waist-to-Hip Ratio (WHR), waist 
measurement (cm) was divided by hip measurement (cm). 

Physical activity and BP
After 5-minute rest in a sitting position, BP measurement 
was done twice, with a 15-minute interval, by a calibrated 
sphygmomanometer. The final values of BP for all 
participants were estimated as the mean of two readings. 
The short form of the International Physical Activity 
Questionnaire (IPAQ) was used to determine the physical 
activity level of participants (validated among Iranian 
adults)18, and reported as a standard Metabolic Energy 
Turnover into MET-minutes/week. Then, physical activity 
levels among participants were classified in the following 
three categories: 1) low ( < 600 MET-minutes/week), 2) 
moderate (between 600 to 2999 MET-minutes/week), and 
3) high ( ≥ 3000 MET-minutes/week).

Biochemical assessments
Blood samples of all participants were collected after 
overnight fasting. All samples were centrifuged at 2000 
rpm for 10 minutes at 4° C to separate serum samples. All 
aliquots were stored at -70°C until biochemical analysis. 
Total serum cholesterol, HDL-C, and TG were determined 
by enzymatic colorimetric methods with a commercially 
available kit (Pars Azmone, Tehran, Iran) on an automatic 
analyzer (Abbott, model Alcyon 300, USA). By the 
glucose oxidase method, FBS was determined. Serum 
ghrelin, obestatin, NGF, and BDNF levels were measured 
using commercially available ELISA kits (Hangzhou 
Eastbiopharm CO, LTD).
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Statistical analysis
Continuous variables were presented as mean ± standard 
deviation (SD) and proportional data as frequency 
(percent). Binary logistic regression analysis was used to 
assess the association between CMR factors (including 
hypertriglyceridemia, hyperglycemia, low HDL-C, 
central obesity, hypertension (HTN), and MetS with 
serum obestatin, ghrelin, BDNF and, NGF in crude and 
adjusted models. In the adjusted model, analyses were 
adjusted for BMI, age, physical activity level, and dietary 
energy intake. All analyses were done by SPSS 22 Software 
(IBMSPSS statistics, Chicago, IL). P values less than 0.05 
were considered statistically significant.

Results
General characteristics of the study population
In this cross-sectional analysis, ninety apparently 
healthy women (mean age of 37.30 ± 6.24 years) were 
included. General characteristics of the participants 
including anthropometric, dietary intake, and metabolic 
measurements were reported in Table 1. Based on the 
AHA criteria, among these participants, twenty women 
had high BP (Systolic BP/Diastolic BP ≥ 130/85 mm Hg), 
forty-six were hyperglycemic (FBS ≥ 100 mg/dL), thirty-
two had hypertriglyceridemia (serum TG ≥ 150 mg/dL), 
fifty-four had low HDL-C ( < 50 mg/dL), and eighty-
nine had central obesity (WC > 88 cm). Also, forty-seven 
women had MetS diagnostic criteria. The mean ± SD 
of serum obestatin, NGF, BDNF and ghrelin among the 
participants were 4.08 ± 0.51 ng/mL, 312.64 ± 59.71 pg/
mL, 7.42 ± 1.54 ng/mL and 2.13 ± 0.51 ng/mL, respectively 
(Table 1). 

CMR factors and serum obestatin
The association of CMR factors and serum obestatin 
tertiles in the study population was shown in Table 2. 
Women who were in the second (OR = 0.262, 95% CI: 
0.089-0.773) and third (OR = 0.118, 95% CI: 0.035-0.396) 
tertiles of serum obestatin had significantly lower risk of 
hypertriglyceridemia compared to the reference group (P 
trend < 0.001). This association remained significant after 
adjustment for potential confounding variables, including 
BMI, age, physical activity level and dietary energy intake. 
Risk of MetS was significantly lower among the women 
only in the second tertile of serum obestatin compared 
to the reference group (OR = 0.261, 95% CI: 0.088-0.769). 
This association remained significant after adjustment 
for BMI, age, physical activity level and energy intake 
(OR = 0.268, 95% CI: 0.083-0.865, P trend = 0.226). There 
was no significant association between the risk of HTN, 
central obesity, low HDL-C, and hyperglycemia among 
serum obestatin tertiles (P trend > 0.05).

CMR factors and serum ghrelin
In Table 3, the association of CMR factors and serum ghrelin 
tertiles in the study population was shown. Participants in 

the highest tertile of serum ghrelin had a significant lower 
risk of hypertriglyceridemia (P trend = 0.003), hyperglycemia 
(P trend = 0.021), Low HDL-C (P trend = 0.006), and MetS (P 
trend < 0.001) in both crude and adjusted models. We found 
no significant associations between the risk of central 
obesity and HTN among serum ghrelin tertiles in both 
crude and adjusted models (P trend > 0.05). 

CMR factors and serum NGF
The association of CMR factors and serum NGF tertiles 
in the study population was shown in Table 4. Women 
who were in the higher tertile of serum NGF levels 
had significantly lower risk of hypertriglyceridemia 

Table 1. General characteristics of the study population

Variables Values

Age (year) a 37.30 ± 6.24

Waist circumference (cm) a 108.07 ± 10.54

Hip circumference (cm) a 114.00 ± 8.61

Waist to hip ratio a 0.94 ± 0.06

Body mass index (BMI) (kg/m2) 33.52 ± 3.72

Systolic blood pressure (mm Hg) a 114.27 ± 19.75

Diastolic blood pressure (mm Hg) a 75.73 ± 11.71

Fasting blood sugar (FBS) (mg/dL) a 100.47 ± 9.82

Triglyceride (TG) (mg/dL) a 130.31 ± 59.76

High density lipoprotein cholesterol (HDL-C) (mg/dL) a 46.18 ± 9.31

Dietary energy intake (kcal) a 2006.25 ± 510.58

Dietary Protein intake (gr) a 65.84 ± 19.22

Dietary Fat intake (gr) a 74.29 ± 21.79

Dietary carbohydrate intake (gr) a 289.02 ± 82.19

Serum Obestatin (ng/mL) a 4.08 ± 0.51

Serum NGF (pg/mL) a 312.64 ± 59.71

Serum BDNF (ng/mL) a 7.42 ± 1.54

Serum Ghrelin (ng/mL) a 2.13 ± 0.51

Physical activity level (METs) b
Low 35 (38.9)

Moderate 55 (61.1)

Hypertension (HTN) ( ≥ 130/85 mm Hg) b 
No 70 (77.8)

Yes 20 (22.2)

Hyperglycemia ( ≥ 100 mg/dL) b
No 44 (48.9)

Yes 46 (51.1)

Hypertriglyceridemia ( ≥ 150 mg/dL) b
No 58 (64.4)

Yes 32 (35.6)

Low HDL-C ( < 50 mg/dL)b
No 36 (40)

Yes 54 (60)

High waist circumference ( > 88 cm) b
No 1 (1.1)

Yes 89 (98.9)

Metabolic Syndrome (MetS) b
No 43 (47.8)

Yes 47 (52.2)

Abbreviations: NGF, nerve growth factor; BDNF , brain derived neurotrophic 
factor
a Data were reported based on mean ± SD
b Data were reported based on frequency(percent)
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Table 2. The association of cardio-metabolic risk factors with serum Obestatin tertiles in the study population 

Variables

Tertiles of obestatin

T1
(≤3.9 ng/mL)

T2
(3.9-4.3 ng/mL)

T3
( > 4.3 ng/mL)

P for trend

Hypertriglyceridemia 
( ≥ 150 mg/dL)

Normal TG (%)/ High TG (%) 11 (37.9)/ 18 (62.1) 21 (70)/ 9 (30) 26 (83.9)/ 5 (16.1)

 < 0.001*Model 1 OR (95% CI) Ref. 0.262 (0.089-0.773)* 0.118 (0.035-0.396)*

Model 2 OR (95% CI) Ref. 0.244 (0.075-0.801)* 0.099 (0.027-0.371)*

Hyperglycemia ( ≥ 100 mg/dL)

Normal FBS(%)/ High FBS (%) 13 (44.8)/ 16 (55.2) 16 (53.3)/ 14 (46.7) 15 (48.4)/ 16 (51.6)

0.852Model 1 OR (95% CI) Ref. 0.711 (0.255-1.98) 0.867 (0.314-2.39)

Model 2 OR (95% CI) Ref. 0.775 (0.262-2.28) 0.0889 (0.304-2.59)

Low HDL-C ( < 50 mg/dL)

Normal HDL(%)/ low HDL (%) 10 (34.5)/ 19 (65.5) 15 (50)/ 15 (50) 11 (35.5)/ 20 (64.5)

0.829Model 1 OR (95% CI) Ref. 0.526 (0.185-1.50) 0.957 (0.331-2.76)

Model 2 OR (95% CI) Ref. 0.505 (0.162-1.57) 1.22 (0.389-3.82)

Central obesity (waist 
circumference > 88 cm)

Normal (%)/Obese (%) 0 (0)/ 29 (100) 0 (0)/ 30 (100) 1 (3.2)/ 30 (96.8)

0.997Model 1 OR (95% CI) Ref. - -

Model 2 OR (95% CI) Ref. - -

HTN ( ≥ 130/85 mm Hg) 

Normal (%)/ HTN (%) 21 (72.4)/ 8 (27.6) 25 (83.3)/ 5 (16.7) 24 (77.4)/ 7 (22.6)

0.628Model 1 OR (95% CI) Ref. 0.525 (0.149-1.84) 0.766 (0.237-2.47)

Model 2 OR (95% CI) Ref. 0.615 (0.154-2.46) 0.750 (0.209-2.69)

MetS

Healthy (%)/MetS (%) 9 (31)/ 20 (69) 19 (63.3)/ 11 (36.7) 15 (48.4)/ 16 (51.6)

0.226Model 1 OR (95% CI) Ref. 0.261 (0.088-0.769)* 0.480 (0.167-1.38)

Model 2 OR (95% CI) Ref. 0.268 (0.083-0.865)* 0.536 (0.173-1.66)

Abbreviations: HTN, hypertension; HDL-C, high density lipoprotein cholesterol; MetS, metabolic syndrome; BMI, body mass index
Data were reported based on the binary logistic regression analysis.
Model 1: Crude model
Model 2: Adjusted for BMI, Age, physical activity level and energy intake
*P<0.05 is significant.

Table 3. The association of cardio-metabolic risk factors with serum Ghrelin tertiles in the study population

Variables

Tertiles of Ghrelin

T1 
(≤1.98 ng/mL)

T2 
(1.98-2.34 ng/mL)

T3 
( > 2.34 ng/mL)

P for trend

Hypertriglyceridemia 
( ≥ 150 mg/dL)

Normal TG (%)/ High TG (%) 13 (48.1)/14 (51.9) 15 (55.6)/ 12 (44.4) 30 (83.3)/ 6 (16.7)

0.003*Model 1 OR (95% CI) Ref. 0.743 (0.255-2.16) 0.186 (0.058-0.591)*

Model 2 OR (95% CI) Ref. 0.603 (0.195-1.86) 0.161 (0.048-0.542)*

Hyperglycemia ( ≥ 100 mg/dL)

Normal FBS(%)/ High FBS (%) 9 (33.3)/ 18 (66.7) 13 (48.1)/ 14 (51.9) 22 (61.1)/ 14 (38.9)

0.021*Model 1 OR (95% CI) Ref. 0.538 (0.179-1.61) 0.318 (0.112-0.904)*

Model 2 OR (95% CI) Ref. 0.429 (0.132-1.39) 0.262 (0.085-0.813)*

Low HDL-C ( < 50 mg/dL)

Normal HDL(%)/ low HDL (%) 8 (29.6)/ 19 (70.4) 7 (25.9)/ 20 (74.1) 21 (58.3)/ 15 (41.7)

0.006*Model 1 OR (95% CI) Ref. 1.20 (0.365-3.96) 0.301 (0.104-0.867)*

Model 2 OR (95% CI) Ref. 0.905 (0.247-3.32) 0.201 (0.060-0.674)*

Central obesity (waist 
circumference > 88 cm) 

Normal (%)/Obese (%) 0 (0)/ 27 (100) 1 (3.7)/ 26 (96.3) 0 (0)/ 36 (100)

0.997Model 1 OR (95% CI) Ref. - -

Model 2 OR (95% CI) Ref. - -

HTN ( ≥ 130/85 mm Hg)

Normal (%)/ HTN (%) 19 (70.4)/ 8 (29.6) 22 (81.5)/ 5 (18.5) 29 (80.6)/ 7 (19.4)

0.465Model 1 OR (95% CI) Ref. 0.540 (0.151-1.93) 0.573 (0.178-1.84)

Model 2 OR (95% CI) Ref. 0.403 (0.100-1.62) 0.608 (0.170-2.17)

MetS

Healthy (%)/MetS (%) 7 (25.9)/ 20 (74.1) 10 (37)/ 17 (63) 26 (72.2)/ 10 (27.8)

 < 0.001*Model 1 OR (95% CI) Ref. 0.595 (0.186-1.90) 0.135 (0.044-0.416)*

Model 2 OR (95% CI) Ref. 0.374 (0.100-1.39) 0.086 (0.023-0.320)*

Abbreviations: HTN, hypertension; HDL-C, high density lipoprotein cholesterol; MetS, metabolic Syndrome; BMI, body mass index
Data were reported based on the binary logistic regression analysis.
Model 1: Crude model
Model 2: Adjusted for BMI, Age, physical activity level and energy intake
*P<0.05 is significant.
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(OR = 0.103, 95% CI: 0.028-0.374, P trend = 0.001) and MetS 
(OR = 0.220, 95% CI: 0.074-0.648, P trend = 0.008) compared 
to the reference group. These associations remained 
significant for hypertriglyceridemia and MetS risk after 
adjustment for potential confounding variables including 
BMI, age, physical activity level and dietary energy intake 
(OR = 0.091, 95% CI: 0.023-0.361 and OR = 0.193, 95% 
CI: 0.057-0.649 respectively). Risk of hyperglycemia was 
significantly lower among the participants only in the 
second tertile of serum NGF compared to the reference 
group in both crude and adjusted models (OR = 0.278, 
95% CI: 0.091-0.845 vs. OR = 0.240, 95% CI: 0.074-0.779, 
P trend = 0.130). There were no significant associations 
between the risk of HTN, central obesity, and low HDL-C 
with serum NGF tertiles in both crude and adjusted 
models (P trend > 0.05). 

CMR factors and serum BDNF
The association of CMR factors and serum BDNF tertiles 
in the study population was shown in Table 5. There was 
no significant association between serum BDNF tertiles 
and risk of hypertriglyceridemia, hyperglycemia, central 
obesity, low HDL-C, HTN, and MetS in both crude and 
adjusted models (P trend > 0.05). 

Discussion
In the present study we investigated the association of serum 

neurotrophic factors and gastric hormones with CMR 
factors among ninety apparently healthy women. In the 
current study, risk of MetS was considerably lower among 
participants only in the second tertile of serum obestatin. 
However, the association between increased serum 
obestatin with decreased MetS risk were not statistically 
significant. Also, women who were in the second and third 
tertiles of serum obestatin levels had a significant lower 
risk for development of hypertriglyceridemia compared 
to the reference group. On the other hand, participants in 
the highest tertile of serum ghrelin had a significant lower 
risk of hypertriglyceridemia, hyperglycemia, low HDL-C, 
and MetS. 

Obestatin and ghrelin are secreted from a same source 
and encoded by identical gene, but they have opposite 
physiological roles.19 Razzaghy-Azar et al showed that 
obestatin levels were considerably higher in obese 
compared to the normal children, while ghrelin levels 
were considerably lower in obese children compared 
to the controls.20 Ghrelin levels in obese children with 
MetS was lower than in obese children without MetS.20 
Also, they suggested that the balance between ghrelin 
and obestatin seems to be an important factor in obesity 
and its associated complications.20 Mora et al showed that 
obestatin level was considerably higher in aged women 
with MetS, probably due to the role of this hormone in 
control of adiposity.21 On the other hand, one study found 

Table 4: The association of cardio-metabolic risk factors with serum NGF tertiles in the study population

Variables

Tertiles of NGF

T1
(≤290.19 pg/mL)

T2
(290.19-333.18 pg/mL)

T3
( > 333.18 pg/mL)

P for trend

Hypertriglyceridemia 
( ≥ 150 mg/dL)

Normal TG (%)/ High TG (%) 12 (44.4)/ 15 (55.6) 15 (53.6)/ 13 (46.4) 31 (88.6)/ 4 (11.4)

0.001*Model 1 OR (95% CI) Ref. 0.693 (0.240-2.00) 0.103 (0.028-0.374)*

Model 2 OR (95% CI) Ref. 0.553 (0.179-1.70) 0.091 (0.023-0.361)*

Hyperglycemia ( ≥ 100 mg/dL)

Normal FBS(%)/ High FBS (%) 9 (33.3)/ 18 (66.7) 18 (64.3)/ 10 (35.7) 17 (48.6)/ 18 (51.4)

0.130Model 1 OR (95% CI) Ref. 0.278 (0.091-0.845)* 0.529 (0.187-1.49)

Model 2 OR (95% CI) Ref. 0.240 (0.074-0.779)* 0.417 (0.134-1.30)

Low HDL-C ( < 50 mg/dL)

Normal HDL(%)/ low HDL (%) 10 (37)/ 17 (63) 10 (35.7)/ 18 (64.3) 16 (45.7)/ 19 (54.3)

0.449Model 1 OR (95% CI) Ref. 1.05 (0.353-3.17) 0.699 (0.250-1.94)

Model 2 OR (95% CI) Ref. 0.841 (0.263-2.68) 0.645 (0.207-2.00)

Central obesity 
(waist circumference > 88 cm)

Normal (%)/Obese (%) 0 (0)/ 27 (100) 0 (0)/ 28 (100) 1 (2.9)/ 34 (97.1)

0.995Model 1 OR (95% CI) Ref. - -

Model 2 OR (95% CI) Ref. - -

HTN ( ≥ 130/85 mm Hg) 

Normal (%)/ HTN (%) 19 (70.4)/ 8 (29.6) 21 (75)/ 7 (25) 30 (85.7)/ 5 (14.3)

0.387Model 1 OR (95% CI) Ref. 0.792 (0.241-2.60) 0.396 (0.113-1.39)

Model 2 OR (95% CI) Ref. 0.794 (0.215-2.93) 0.539 (0.135-2.15)

MetS

Healthy (%)/MetS (%) 8 (29.6)/ 19 (70.4) 12 (42.9)/ 16 (57.1) 23 (65.7)/ 12 (34.3)

0.008*Model 1 OR (95% CI) Ref. 0.561 (0.184-1.71) 0.220 (0.074-0.648)*

Model 2 OR (95% CI) Ref. 0.421 (0.125-1.41) 0.193 (0.057-0.649)*

Abbreviations: HTN, hypertension; HDL-C, high density lipoprotein cholesterol; MetS, metabolic syndrome; NGF, nerve growth factor, BMI, body mass index
Data were reported based on the binary logistic regression analysis.
Model 1: Crude model
Model 2: Adjusted for BMI, Age, physical activity level and energy intake
*P<0.05 is significant.
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that decreased serum obestatin level was associated with 
atherosclerosis of the carotid artery, increased insulin 
resistance, and MetS in subjects with TRIB3 RR84 genotype 
polymorphism which indicates the role of genetics in the 
effects of obestatin on cardio-metabolic function.22 It 
has been suggested that obestatin could have protective 
effects on cardiomyocytes, possibly due to the its anti-
apoptotic, anti-inflammatory, and anti-cytotoxic effects 
due to the increased Bcl-2 and Bax levels, expression of 
active caspase-3 as well as the increment of profibrogenic 
growth factors, such as transforming growth factor beta 1 
(TGFβ1) and connective tissue growth factor (CTGF).23,24 

Recent evidence has been suggested that ghrelin has 
critical role in glucose homeostasis and insulin secretion.25 
Also, ghrelin can exert anti-apoptotic effects on endothelial 
cells via the PI3-kinase/Akt-pathway involved in insulin 
signaling.26 On the other hand, Agnew A. et al reported 
that treatment with obestatin analogues considerably 
improved plasma TG levels in rats.27 Also, Heshmat et 
al showed that the increase in plasma ghrelin level was 
associated with higher levels of HDL-C28 which confirm 
the findings of our study in this regard. However, plasma 
HDL-C is unlikely to be related to ghrelin levels. Recent 
studies have been shown that ghrelin can bind to HDL-C 
particles and increase its plasma concentration.29 So, it is 
possible that these HDL-C particles act as plasma carriers 
of ghrelin.29 On the other hand, based on in-vivo evidence, 

sustained administration of un-acylated ghrelin in high 
fat diet-treated mice, could enhance insulin signaling in 
skeletal muscle downstream of the mammalian target of 
rapamycin (mTORC) complexes and increase glucose 
uptake via insulin-simulated pathway.30 These findings 
are accompanied to the clinical evidence about the link of 
un-acylated ghrelin with whole-body insulin sensitivity.31 
As there is a close link between insulin-resistance 
development and prevalence of hypertriglyceridemia 
and hyperglycemia32, this could be justified some part 
of our findings about the significant lower risk of 
hypertriglyceridemia, hyperglycemia, low HDL-C, and 
MetS in the highest tertile of serum ghrelin. However, we 
have not differentiated between acylated and un-acylated 
ghrelin in the present study and more detailed studies are 
needed to conclude the metabolic effect of ghrelin in this 
regard. 

In the present study, there was no considerable 
association between serum obestatin tertiles and HTN 
risk. However, an increase in plasma ghrelin levels was 
associated with an improvement in BP, but these effects 
were not statistically considerable. Experimental evidence 
has shown that ghrelin has a beneficial effect on BP.33 There 
are too limited studies in this regard. Generally, there is an 
inverse association between high ghrelin levels and BP.34,35 
Direct vasodilator effects, compact on renal diuresis, 
and modulation of the sympathetic nervous system are 

Table 5. The association of cardio-metabolic risk factors with serum BDNF tertiles in the study population

Variables

Tertiles of BDNF

T1 
(≤6.69 ng/mL)

T2 
(6.69-8.03 ng/mL)

T3 
( > 8.03 ng/mL) 

P for trend

Hypertriglyceridemia 
( ≥ 150 mg/dL)

Normal TG (%)/ High TG (%) 19 (67.9)/ 9 (32.1) 19 (67.9)/ 9 (32.1) 20 (58.8)/ 14 (41.2)

0.654Model 1 OR (95% CI) Ref. 1.00 (0.326-3.07) 1.47 (0.519-4.20)

Model 2 OR (95% CI) Ref. 0.808 (0.238-2.74) 1.26 (0.422-3.76)

Hyperglycemia ( ≥ 100 mg/dL)

Normal FBS(%)/ High FBS (%) 12 (42.9)/ 16 (57.1) 12 (42.9)/ 16 (57.1) 20 (58.8)/ 14 (41.2)

0.270Model 1 OR (95% CI) Ref. 1.00 (0.347-2.88) 0.525 (0.191-1.44)

Model 2 OR (95% CI) Ref. 0.978 (0.311-3.07) 0.550 (0.188-1.60)

Low HDL-C ( < 50 mg/dL)

Normal HDL(%)/ low HDL (%) 13 (46.4)/ 15 (53.6) 7 (25)/ 21 (75) 16 (47.1)/ 18 (52.9)

0.951Model 1 OR (95% CI) Ref. 2.60 (0.838-8.07) 0.975 (0.358-2.65)

Model 2 OR (95% CI) Ref. 3.16 (0.88-11.29) 0.996 (0.340-2.91)

Central obesity (waist 
circumference > 88 cm)

Normal (%)/Obese (%) 1 (3.6)/ 27 (96.4) 0 (0)/ 28 (100) 0 (0)/ 34 (100)

0.990Model 1 OR (95% CI) Ref. - -

Model 2 OR (95% CI) Ref. - -

HTN ( ≥ 130/85 mm Hg) 

Normal (%)/ HTN (%) 25 (89.3)/ 3 (10.7) 21 (75)/ 7 (25) 24 (70.6)/ 10 (29.4)

0.142Model 1 OR (95% CI) Ref. 2.77 (0.638-12.10) 3.47 (0.851-14.17)

Model 2 OR (95% CI) Ref. 2.39 (0.460-12.48) 3.11 (0.691-14.07)

MetS

Healthy (%)/MetS (%) 16 (57.1)/ 12 (42.9) 10 (35.7)/ 18 (64.3) 17 (50)/ 17 (50)

0.733Model 1 OR (95% CI) Ref. 2.40 (0.818-7.03) 1.33 (0.488-3.64)

Model 2 OR (95% CI) Ref. 2.69 (0.797-9.12) 1.22 (0.411-3.58)

Abbreviations: HTN, hypertension; HDL-C, high density lipoprotein cholesterol; MetS, metabolic syndrome; BDNF, brain derived neurotrophic factor; BMI, 
body mass index
Data were reported based on the binary logistic regression analysis.
Model 1: Crude model
Model 2: Adjusted for BMI, Age, physical activity level and energy intake
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possible suggested mechanisms about the effect of ghrelin 
on lowering BP.34

In the present study, women who were in the higher 
tertile of serum NGF had a significant lower risk of 
hypertriglyceridemia and MetS compared to the reference 
group. Also, risk of hyperglycemia was considerably lower 
among the participants only in the second tertile of serum 
NGF compared to the reference group. On the other hand, 
there were no significant associations between the serum 
NGF tertiles and risk of HTN, central obesity, and low 
HDL-C. 

Previous studies have been reported that NGF levels are 
associated with cardio-metabolic status.36 Animal studies 
have shown that lowering NGF levels leads to increased 
blood sugar and insulin resistance in diabetes.37 One 
study found that elevated plasma NGF levels in patients 
with MetS were considerably higher than in normal 
individuals.10 It has been suggested that NGF can be 
involved in cellular function by initiating phosphorylation 
of the protein cascade.38 NGF can also affect some 
metabolic conditions such as diabetes, obesity and MetS.38 
Inconsistencies between findings of different studies is 
probably due to the different health/disease status in their 
participants.9 

NGF has a role as a response protein in adipocyte 
inflammation.9 At the early stage of MetS, inflammation-
induced hyper-neurothrophinemia is one the pathways 
to fight against inflammation.9 But, at the late stage of 
MetS, this response ultimately exhausts and leads to 
hyponeurothrophinemia. So, the protective role of NGF 
against inflammation and stress in MetS and obesity 
should be investigated in more details. On the other 
hand, NGF has structural homology with proinsulin.38 
Also, pancreatic β cells synthesized and secreted NGF 
similar to insulin. NGF has role in fine -tuning insulin 
secretion.38 Experimental studies showed that NGF can 
promote glucose-simulated insulin secretion via receptor-
mediated intracellular pathways.38 So, this can justify the 
regulatory role of NGF in insulin secretion and subsequent 
metabolism such as glucose and lipid metabolism. But 
finding the exact mechanism of this hypothesis needs 
more detailed studies. 

In the present study we conducted the risk assessment 
analysis of BDNF, NGF, obestatin and ghrelin with CMR 
factors among apparently healthy women. There are 
so limited risk assessment studies, specially regression 
risk assessment, on the mentioned adipokines and 
neurotrophins and components of MetS. Despite 
intriguing results, the current findings need approving by 
large prospective studies and clinical trials. Conducting 
research only on females (to control confounding effect 
of gender) and recruitment of participants from a single 
dietary counselling center, are another limitations of the 
present study. Also, it’s necessary to consider different 

genotypes of mentioned hormonal and neurotrophic 
factors in future studies. 
Conclusion
In the current study, serum levels of obestatin, NGF, and 
ghrelin were associated with some CMR factors such as 
hypertriglyceridemia and MetS. It seems that these factors 
are associated with metabolic regulation. However, further 
studies are needed to substantiate this claim.
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