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Summary

 Background: Accumulating data support the atheroprotective role of the novel adipokines, apelin and ghrelin. 
The aim of the present randomized study was to investigate the effects of aerobic exercise training 
on these adipokines in patients with type 2 diabetes mellitus (T2DM).

 Material/Methods: Fifty-four overweight (BMI >25 kg/m2) patients with T2DM, but without vascular complications, were 
randomized to either the aerobic exercise training group (EG, N=27), 4 times/week, 45–60 min/ses-
sion; or to the control group (CG, N=27), orally instructed to increase physical activity. Clinical gly-
cemic and lipid parameters, exercise capacity (VO2peak), insulin, HOMA-IR, and serum levels of 
apelin and ghrelin were assessed at baseline and after 12 weeks.

 Results: Aerobic exercise significantly improved lipid and glycemic profile and insulin sensitivity com-
pared to CG (p<0.05). Furthermore, between-groups comparison showed a considerable exercise-
induced upregulation in apelin (p=0.007) and VO2peak (p<0.001) levels. Negligible changes in 
body-weight, waist-hip ratio and ghrelin concentrations were detected within and between groups 
after the completion of the study (p>0.05). However, subgroup analysis revealed a considerable in-
crement in ghrelin levels only in the exercise-treated women compared to their control counter-
parts (p=0.038). LDL and HOMA-IR reduction were found to be independent predictors of ape-
lin increment in multiple regression analysis (R2=0.391, p=0.011).

 Conclusions: In patients with T2DM, systemic, long-term, aerobic exercise exerts positive effects on apelin and 
ghrelin (only in women), even in the absence of significant weight loss, suggesting its pleiotropic 
effects.
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Background

A growing body of evidence supports the predominant role 
of chronic, low-grade inflammation in mediating insulin 
resistance and all stages of atherosclerosis in type 2 diabe-
tes mellitus (T2DM) [1]. Among pro-inflammatory medi-
ators associated with cardiovascular diseases (CVD), adi-
pose-tissue derived cytokines, known as adipokines, have 
emerged as potential key factors of atherosclerosis-related 
complications [2].

Apelin, an adipocyte-secreted factor upregulated by insulin, 
has been recently identified as a contributor to glucose ho-
meostasis [3]. Moreover, previous trials have suggested ape-
lin as a potent regulator of cardiovascular function [4]. We 
and other investigators have recently documented the in-
verse relationship of circulating apelin levels with coronary 
artery disease [5,6]. Until present, available data concern-
ing pharmaceutical and non-pharmaceutical regulation of 
apelin have been extremely limited [7,8].

Ghrelin is a potent gastric, orexigenic factor with growth 
hormone-releasing effects [9]. The pathophysiological role 
of ghrelin derives from the association of low plasma ghre-
lin levels with elevated fasting insulin levels and insulin re-
sistance [9]. In parallel, there are accumulating data on 
the protective role of ghrelin in atherosclerotic processes 
[10,11]. Numerous investigations suggest the anti-inflam-
matory properties of ghrelin in the presence of advanced 
lesions of atherosclerosis [12]. Taken together, ghrelin ma-
nipulation, at least theoretically, could be useful for the treat-
ment of T2DM and its complications. Weight loss interven-
tions have all been proved to promote the upregulation of 
ghrelin levels [9]. However, it is still unknown whether ex-
ercise training per se, without weight loss, can produce ben-
eficial effects on ghrelin levels.

Physical exercise has been recommended world-wide as 
one of the mainstays of treatment of T2DM, along with diet 
and medications [13]. Reduced cardiovascular morbidity 
and mortality has been associated with increased regular 
physical activity in the diabetic population [14]. In addi-
tion to the favorable modulation of “classical” cardiovas-
cular risk factors (eg, dyslipidemia and hypertension), nu-
merous studies have indicated the anti-inflammatory effect 
of long-term exercise training [15]. However, the influence 
of chronic exercise on human circulating adipokines is not 
well-documented.

Taken together, the modulation of apelin and ghrelin seems 
quite promising, because they interact with numerous patho-
physiological mechanisms in T2DM and cardiovascular dis-
eases. The present study aimed to investigate the effect of 
long-term aerobic exercise on circulating levels of novel ad-
ipokines, including apelin and ghrelin, in type 2 diabetic 
patients without any history of CVD.

Material and Methods

Patients

We enrolled 54 overweight (BMI >25 kg/m2) Caucasian 
men and women with T2DM, aged 50–70 years. All partic-
ipants had poor glycemic control (HbA1c >6.5%) with oral 

anti-diabetic medications (sulfonylureas, metformin, for at 
least 4 months). Suitable patients, identified from review 
of case notes and/or computerized clinic registers, were 
contacted by the investigators in person or by telephone. 
Patients were excluded if they had any of the following con-
ditions: a history of ketoacidosis within 6 months before 
study enrollment, excessive hyperglycemia (HbA1c >10%), 
diabetic micro-vascular complications, diabetic neuropa-
thy, impaired hepatic function (plasma aminotransferase 
and/or g-glutamyltransferase level higher than the upper 
limit of normal for age and sex), impaired renal function 
(serum creatinine level higher than the upper limit of nor-
mal for age and sex), severe anaemia, uncontrolled hyper-
tension (blood pressure >170/100 mmHg), orthopaedic 
problems limiting exercise, malignancy, or autoimmune dis-
eases. Patients with cardiovascular disease (New York Heart 
Association class I–IV congestive heart failure or a history of 
myocardial infarction), overt cardiac-related symptoms or 
history of cerebrovascular events also were excluded. Active 
patients reporting sport activities >1 per week and insulin-
treated patients were considered ineligible.

Study design – Exercise intervention

Patients were randomly assigned to either a supervised, 
systemic, exercise training group (EG, N=27) or a control 
group (CG, N=27). Randomization process, based on com-
puter software, created sex-matched groups.

The supervised exercise training program was similar to 
that performed in another exercise-study in our department 
[8]. Specifically, the EG group underwent a training pro-
gram consisting of 4 sessions weekly. Each session included 
10 min of warm-up, 30 min of aerobic activity (eg, walking/
or running on treadmill, cycling, calisthenics of the upper 
and lower limbs) and 5 min of cool-down. The intensity and 
the duration of each session gradually increased across the 
first 4 weeks. After that, intensity achieved 60–75% of max-
imal heart rate and the duration of each session was con-
stant at 60 min.

The control group was orally instructed, at baseline, to fol-
low American Diabetes Association guidelines for cardio-
vascular diseases prevention [16]. In particular, the control 
patients were encouraged to perform a total of 150 minutes 
of self-controlled, moderate-intensity exercise, per week. 
Patients were asked to perform their preferred type of ex-
ercise (eg, walking, swimming) 3–5 times per week, with a 
minimum duration of 30 minutes per time. The recommend-
ed changes in physical activity were not assessed through-
out the study. The latter modality of exercise intervention 
was selected as control group, because it is very common in 
clinical practice of a large general hospital. Finally, control 
patients were asked to record the weekly amount of physi-
cal activity at the end of the study.

Clinical evaluation

Before starting the study, all patients underwent an initial 
clinical evaluation including medical history, physical ex-
amination, measurements of body mass index (BMI), waist-
hip ratio (WHR) and blood pressure (BP), as previously 
described [8]. The duration of the study was 12 weeks and 
clinical assessment was repeated at the end.
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Cardiorespiratory fitness was estimated at the beginning 
and at the end of the study by ergospirometry, using an 
electronically-controlled ergocycle. Exercise testing pro-
tocol was supervised by an experienced physician as previ-
ously described [15]. During ergospirometry, gas exchang-
es were continuously measured by an analyzer (COSMED 
K4, Rome, Italy), using facemask and breath-by-breath tech-
nique. Patients were asked to maintain their eating patterns, 
anti-diabetic and anti-hypertensive medications through-
out the study. Dietary habits of all patients were recorded 
at baseline by an expert dietician using a structured ques-
tionnaire. Additional weight control diet instructions were 
not provided throughout the study and patients were asked 
not to alter their dietary habits. During the study, monthly 
dietary records of each participant were assessed by the di-
etician at scheduled meetings.

The study design was approved by the ethics committee of 
Hippokratio General Hospital of Thessaloniki, Greece and 
the study was conducted in accordance with the Helsinki 
Declaration. All participants gave written informed consent 
before entering the study.

Blood assays

Blood samples were collected in the morning after a 12 h 
overnight fast. Fasting plasma glucose (FPG) and lipid pa-
rameters were quantified using standard enzymatic methods 
(Roche/Hitachi 912 automatic analyzer; Roche Diagnostics, 
Basel, Switzerland). For low-density lipoprotein cholester-
ol (LDL-C) calculation, we used the Friedewald formula. 
Measurements of HbA1c were taken by high-performance 
liquid chromatography (Menarini Diagnostics, Florence, 
Italy). After centrifugation of blood samples (5000 g for 7 
min), serum was collected and kept frozen at –800C until 
analysis in the same assay. Using commercially available en-
zyme immunoassay (EIA) kits (Phoenix Pharmaceuticals, 
Belmont, CA, USA) we quantified serum levels of apelin 
(human apelin-12) and ghrelin. The intra-assay coefficients 
of variance (CVs) were 5% and <14% for apelin and ghre-
lin, respectively. The inter-assay CVs for the latter adipo-
cytokines were 14% and 7.5%, respectively. We measured 
plasma insulin using ELISA method (DRG Diagnostics, 
Marburg, Germany). The inter- and intra-assay CVs were 
3% and 3.4%, respectively. The homeostasis model assess-
ment (HOMA-IR) index was determined as a surrogate in-
dex of insulin resistance and was calculated with the follow-
ing formula: HOMA-IR = fasting insulin (mU/L) × fasting 
glucose (mg/dl)/405. Nephelometric procedure (Dade 
Behrin, BNII, Marburg, Germany) was used for serum high-
sensitivity CRP (hsCRP) assay.

Statistical analysis

Data are expressed as mean ±SD. Normality of distribution 
was assessed by Kolmogorov-Smirnov test. Paired-samples T 
test and Student’s T test were used for comparisons of para-
metric variables within and between groups, respectively. 
Chi-square test was used for non-parametric data. The corre-
lations of apelin and ghrelin with the other continuous vari-
ables at baseline, as well as with their changes post-treatment, 
were calculated by Pearson correlation coefficients. Standard 
multiple regression analysis, adjusted for sex and age, was 
performed to determine the independent correlations of 

either of the 2 novel adipokines with the other parameters. 
Statistical significance was set at 2-sided p<0.05. Statistical 
analyses were performed using the computer software pack-
age SPSS (version 16.0; SPSS Inc, Chicago, IL, USA).

results

Anthropometric and metabolic data (means ±standard devi-
ations) are presented in Tables 1 and 2 and Figure 1. Among 
initially recruited patients, only 1 stopped in the EG due to 
time constraint. Throughout the study, most pharmaceu-
tical regimens remained constant; in 3 patients in the EG 
group the dosage of the anti-diabetic medications was re-
duced. However, noteworthy adverse events (eg, hypoglyce-
mic episodes) were not reported. Exercise-treated patients 
showed high compliance, since they attended at least 85% 
of the scheduled sessions. On the other hand, only 22.22% 
of the control patients achieved the target of increased phys-
ical activity at the end of the study, suggesting a lack of mo-
tivation. No significant difference between groups was de-
tected at baseline for any clinical characteristics, including 
sex, age, diabetes duration, smoking habits and current an-
ti-diabetic, anti-hypertensive and lipid-lowering drug ther-
apy. Fitness parameters, traditional CV risk factors and in-
flammatory biomarkers were also similar among groups.

Anthropometric characteristics, lipid and glycemic 
profile, insulin resistance indexes

Although all patients were asked to maintain their dietary 
habits, the exercise-treated patients reported an almost 20% 
increase in water and energy intake compared to their un-
treated counterparts. Thus, the 12-week exercise intervention 
did not significantly affect body weight and anthropomet-
ric characteristics (p>0.05), but the intervention consider-
ably reduced most lipid parameters, FPG and HbA1c com-
pared to either baseline values or control group (p<0.05). 
Significant reductions (p<0.01) were noted in fasting in-
sulin and HOMA-IR levels after the exercise training pro-
gram. As expected, exercise training yielded a significant 
increase in the cardiorespiratory capacity, expressed by 
VO2peak (p<0.001) (Table 2).

Adipokines

As noted in Figure 1, after the exercise intervention there 
was a significant increment in apelin serum concentrations 
in the EG (from 0.209±0.102 ng/ml to 0.291±0.135 ng/ml; 
p<0.001), while there was a non-significant decrease in 
the CG (from 0.200±0.088 ng/ml to 0.186±0.109 ng/ml; 
p=0.781) (p<0.001). At the end of the study, the alterations in 
ghrelin concentrations did not reach statistically significant 
levels in either group (p>0.05). However, ghrelin was signif-
icantly reduced after exercise training in the women’s sub-
group (from 2.14±0.71 ng/ml to 3.87±1.07 ng/ml, p=0.042) 
compared to control group women (from 2.20±1.36 ng/ml 
to 2.10±1.40 ng/ml, p=0.779) (p=0.038).

Pearson correlations were calculated for the novel adipo-
kines at baseline as well as their changes post-exercise. At 
baseline, apelin correlated with age (r=0.311, p=0.024), 
HOMA-IR (r=–0.245, p=0.019), LDL-C (r=–0.521, p=0.022) 
and FPG (r=–0.431, p=0.041). Baseline values of ghrelin 
significantly correlated with BMI (r=0.469, p=0.038) and 
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HOMA-IR (r=–0.399, p=0.010). The exercise-induced up-
regulation in apelin was inversely associated with chang-
es in LDL (r=–0.363, p=0.002) and HOMA-IR (r=–0.411, 
p=0.003). The latter parameters retained their significant 

correlations with apelin in standard multiple regression 
analysis (R2=0.391, p=0.011). No significant correlations 
were found between the change of ghrelin and the rest of 
the variables within the exercise group.

Exercise group
(n=26)

Control group
(n=27)

Baseline 12 weeks P1 Baseline 12 weeks P1 P2

BMI (kg/m2)  32.1±3.77  31.98±3.03 0.500  30.04±2.95  30.65±3.55 0.267 0.820

WHR  0.98±0.05  0.98±0.05 0.920  0.97±0.11  0.98±0.14 0.711 0.599

Systolic BP (mmHg)  137±15  128±16 0.016  135±15  136±19 0.714 0.017

Diastolic BP (mmHg)  82±11  80±10 0.085  81±11  81±10 0.879 0.163

HbA1c (%)  7.8±0.8  7.1±1 <0.001  7.7±0.6  7.9±0.1.1 0.422 0.004

FPG (mg/dl)  191±40  162±41 <0.001  188±36  194±33 0.656 0.008

TChol (mg/dl)  202±58  178±51 0.047  197±48  204±57 0.523 0.032

HDL-C (mg/dl)  42±11  47±10 0.007  44±11  43±10 0.417 0.018

LDL-C (mg/dl)  128±46  106±39 0.036  123±45  126±55 0.473 0.012

TG (mg/dl)  160±55  125±57 0.035  150±63  175±76 0.102 0.005

Table 2. Baseline and end-values of variables in both groups. 

Data are mean ±SD. BMI – body mass index; WHR ,– Waist-hip ratio; BP – blood pressure; FPG – Fasting plasma glucose; TChol – total cholesterol; 
TG – triglycerides. P1 – p values of changes of variables within groups; P2 – p values of changes of variables between groups. 

Exercise group
(n=26)

Control group 
(n=27) p

Gender (Men/Women) 9/17 10/17 0.912

Age (y)  58.4±5.7  62.9±4.2 0.420

Diabetes duration (y)  5.1±2.5  5.5±2.1 0.787

Smokers  5 (19.2%)  4 (14.8%) 0.291

Anti-hypertensive medications (n)  16 (61.5%)  19 (70.4%) 0.333

Statins (n)  15 (57.69%)  18 (66.67%) 0.456

Anti-diabetic regimen (n)

 Sulfonylurea 3 2 0.123

 Metformin 5 7 0.243

 Sulfonylurea + metformin 12 14 0502

 DPP4 inhibitors + metformin 6 4 0.091

Apelin (ng/ml)  0.209±0.102  0.213±0.114 0.824

Ghrelin (ng/ml)  2.51±1.81  2.76±1.86 0.729

HOMA-IR  5.91±3.69  4.97±2.16 0.286

Insulin (mU/L)  9.38±4.82  8.93±4.11 0.370

Table 1. Baseline characteristics of participants who completed the study.

Data are mean ±SD. n – number of patients; y – years; DPP4 – dipeptidyl-peptidase 4; HOMA-IR – homeostasis model assessment-insulin 
resistance.
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discussion

In the present study 12-week intensive aerobic exercise 
training significantly improved metabolic profile and car-
diorespiratory capacity in overweight patients with T2DM. 
Furthermore, we conclusively demonstrated the positive ef-
fects of exercise training on serum concentrations of the nov-
el adipokines, apelin and ghrelin. The latter results seemed 
to be mediated by the insulin-sensitizing effects of exercise, 
outlining a novel atheroprotective mechanism.

In our study body-weight and waist circumference remained 
essentially unaffected by intensive exercise training. This 
was not surprising, since exercise-treated patients increased 
food intake compensatory to increased energy expenditure. 
Consistent with previous studies, blood pressure, insulin 
sensitivity, glycemic and lipid control were substantially im-
proved in exercise-treated patients, despite the absence of 
significant variations in anthropometric parameters [8,15].

It is well documented that strenuous exercise can amelio-
rate plasma levels of various adipokines, including IL-6, re-
sistin and TNFa in type 2 diabetic individuals [17]. To our 
knowledge this is the first study demonstrating a significant 
upregulation of serum apelin levels after structured exer-
cise treatment in the diabetic population. Apelin and its re-
ceptor (APJ) are localized in cardiomyocytes and vascular 
cells and seem to play a key role in the regulation of vascu-
lar tone and cardiovascular function [18]. Several lines of 
evidence support the association of low apelin concentra-
tions with atherosclerotic complications [12]. Therefore, 
the observed apelin increase after exercise supports the hy-
pothesis that an exercise training-induced increase in apelin 
might contribute to the beneficial effects of exercise train-
ing on cardiovascular disease risk.

Tasci et al. (2009) [7] reported an almost 4-fold increase in 
apelin levels after a 12-week therapeutic lifestyle program 
combining diet and self-controlled exercise. The study en-
rolled non-diabetic, statin-free, non-obese (BMI <30 kg/m2) 
individuals with dyslipidemia. Participants who achieved the 
LDL-lowering target after intervention showed increased 

apelin levels. Consistent with this, we observed LDL reduc-
tion was an independent predictor of the exercise-induced 
alterations in apelin levels. In addition to this, we found 
that insulin resistance attenuation was independently asso-
ciated with apelin increase in our exercise-treated group. A 
growing body of evidence, derived from experimental and 
clinical trials, supports the interaction between apelin and 
insulin sensitivity [19]. Notably, a significant increment in 
serum apelin levels could be obtained in diabetic patients 
after treatment with insulin sensitizers, metformin and rosi-
glitazone [10]. It is still unclear whether apelin actively me-
diates insulin sensitivity modulation. However, the activation 
of AMP-activated protein kinase provides the underlying link 
between exercise-mediated insulin sensitization and apelin 
changes [20,21]. Future studies will be needed to verify the 
latter hypothesis in different stages of insulin resistance.

The novel adipokine ghrelin induces weight gain not only 
by stimulating appetite, but also by decreasing fat utilization 
[22]. Conversely, significant up-regulation of serum ghre-
lin levels has been recorded after weight loss interventions 
[23]. Furthermore, low plasma ghrelin levels have been as-
sociated with obesity, insulin resistance, inflammation and 
atherosclerosis [5,24,25]. Despite the emerging atheropro-
tective role of ghrelin, its regulation seems multi-factorial, 
depending predominantly on weight changes [26]. A lim-
ited number of studies have demonstrated increased total 
ghrelin levels after long-term exercise associated with weight 
loss [27]. In our study exercise training had negligible ef-
fects on body weight and concomitant serum levels of ghre-
lin in the whole study population. On the other hand, sub-
group analysis revealed a considerable increase in ghrelin 
concentrations in exercise-treated women, despite the ab-
sence of weight loss. Our finding is consistent with results 
of a recent study showing increased ghrelin levels in non-
diabetic, physically active women, but not in men, and that 
effect was independent of energy equilibrium [28].

The latter sexual dimorphic response of ghrelin to exercise 
intervention is of clinical importance. Looking for the under-
lying mechanisms, we initially hypothesized sex-related dif-
ferences in appetite and energy homeostasis. After assessing 

Figure 1.  Values of apelin ghrelin VO2peak and 
HOMA-IR at baseline and at the end of 
the study. * p<0.05, change of variables 
within groups. # p<0.05, change of 
variables between groups. Data are mean 
±SD.
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the energy balance throughout the study, we observed an 
equivalent increase in energy expenditure and compensa-
tory increased energy intake in both sexes. Therefore, the 
final energy balance did not change significantly. Another 
plausible explanation for the aforementioned ghrelin sex-
based fluctuation may center on differences in sex hor-
mones [29]. Peripheral adiposity and most adipokines are 
regulated by sex hormones [30]. Our findings indicate an-
other sex-dependent cardioprotective mechanism and sug-
gest that therapeutic interventions targeting ghrelin should 
optimally achieve weight loss. Further studies are needed to 
determine the magnitude of exercise-induced energy defi-
cit resulting in positive effects on adipokines.

The principal limitation of the present study was the relative 
small sample size. However, we set numerous selection crite-
ria in order to create homogeneous study groups. Another 
important shortcoming was the absence of dietary consulta-
tion throughout the study. Thus, the recorded diet changes 
in the exercise group might have moderated our findings, 
and the final results could have been even better. An ad-
ditional consideration is that exercise-treated subjects had 
apparently more contact with study staff during supervised 
exercise training sessions than did the control group, rais-
ing concerns about the effect on other behaviors (eg, daily 
physical activities) during the study. Since unsupervised ex-
ercise was not monitored, no data are available from which 
to evaluate the potential role of such changes. Finally, we 
measured total ghrelin levels. The acylated form of ghre-
lin is thought to be more potent than non-acylated ghre-
lin in stimulating appetite. Our study might have had dif-
ferent results if we had assessed the latter form of ghrelin.

conclusions

In conclusion, in patients with T2DM, exercise training led 
to significant increase of apelin and ghrelin (only in wom-
en) serum concentrations, despite the absence of body 
weight change. Increased insulin sensitivity and lowered 
LDL-C after training were most strongly related to chang-
es in apelin, suggesting the multi-factorial, “pleiotropic” ef-
fects of exercise.
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