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Abstract

Background: Diabetes mellitus is a metabolic disease that leads to elevated levels of adipokines.
Objectives: The aim of this study was to investigate the effect of eight weeks of combined exercise on retinol binding protein 4
(RBP4), fatty acid-binding protein (FABP) and lipocalin-2 in diabetic women.
Methods: In this semi-experimental study, 18 diabetic women referred to the Bojnourd Diabetes Association were selected and di-
vided into two groups of combined training and control. The combined training group performed resistance and endurance train-
ing for eight weeks, three sessions per week and each session for 60 minutes. The control group only had their daily routine. Before
performing the pre-test and at the end of eight weeks, 5 cc of blood from the brachial vein of all the subjects was taken in fasting
state. Data were analyzed by covariance, independent samples t-test and paired sample t-test. P value less than 0.05 was considered
significant.
Results: Eight weeks of combined training had a significant effect on reducing FABP (P = 0.02) and RBP4 (P = 0.01) in diabetic women.
However, there was no significant effect on lipocalin-2 in diabetic women (P = 0.86).
Conclusions: It seems to that diabetic women can implement eight weeks of combined resistance and endurance training to im-
prove their serum levels of RBP4 and FABP.
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1. Background

Diabetes mellitus is a metabolic disorder with hetero-
geneous symptomology characterized by chronic hyper-
glycemia and a metabolism disorder of carbohydrate, fat
and protein due to defective insulin secretion, insulin ac-
tion, or both (1). The global prevalence of this disease was
estimated at 366 million people in 2011, and this rate may
reach 552 million by 2030 (2). Type 2 diabetes is usually
associated with abnormal production of adipokines (3).
Specifically, increased blood levels of some adipokines is
associated with cardiovascular complications in diabetic
patients (4).

Lipocalin family proteins include retinol binding pro-
tein 4 (RBP4), fatty acid-binding proteins (FABP) and
lipocalin-2 (ln2). Research suggests that these proteins as
novel inflammatory markers affect signaling pathways in

patients with obesity and type 2 diabetes (5). Lipocalin-2
is an inflammatory marker that is closely correlated with
insulin resistance (6). Its elevated level activates inflam-
matory signaling pathways in diabetic patients and is asso-
ciated with the progression of cardiovascular diseases (7).
RBP4 is largely produced in the liver and adipose tissues.
A number of studies have reported high levels of RBP4 in
subjects with diabetes (8). Some researchers have shown
direct effects of RBP4 on insulin sensitivity by regulating
insulin-glucose metabolism in skeletal muscles (9).

RBP4 increases insulin resistance through peripheral
suppression of GLUT-4 transporters (10). FABPs are also in-
volved in the cellular intake and transfusion of fatty acids,
regulation of metabolic and inflammatory pathways and
modulation of gene expression (11). Increased circulation
level of FABP is associated with endothelial dysfunction in
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subjects with type 2 diabetes (12). Also, this circulation level
has been suggested as an important index for insulin resis-
tance in type 2 diabetes (13). The role of regular exercise in
improving insulin sensitivity and type 2 diabetes has been
well documented (14). Therefore, diabetic patients can use
exercise training to control their blood glucose, lipid pro-
file, weight and blood pressure.

Different types of exercise, including aerobic, resis-
tance, and stretching exercises, can be prescribed for di-
abetic patients. It has been shown that resistance train-
ing and aerobic exercise can increase insulin sensitivity
and daily energy intake and improve quality of life (15, 16).
On the other hand, the positive effect of physical activity
on the reduction of insulin resistance may be related to
the change in the secretion of adipokines (17). It has been
shown that resistance training at an intensity of 50% - 80%
of one-repetition maximum for eight weeks is associated
with a significant decrease in the concentrations of FABP4
and lipocalin-2 in obese adult males (18). Lim et al. also
showed a decrease in the serum level of RBP4 after per-
forming aerobic training in obese women (19). Contrary to
this finding, in a study by Choi et al., after three months
of endurance training, five sessions per week at an inten-
sity of 60% - 75% of the maximum heart rate of subjects,
no significant change in serum RBP4 level was reported
(5). Due to the specificity of the effects of training, the
combination of both endurance and resistance training is
recommended for desirable and healthy body functioning
in diabetic patients (20). However, there is limited infor-
mation on the effects of aerobic and resistance training
on adipokine pathways in diabetic patients. On the other
hand, it is helpful to understand the mechanism through
which aerobic and resistance trainings can improve and
treat metabolic deficiencies. The level of adipokines can
be related to metabolic effects and complications of dia-
betes, and the appropriate type of exercise for improving
adipokine level related to diabetes can be a key factor in
choosing an exercise program for diabetic patients.

2. Objectives

Therefore, the aim of this study was to investigate the
effect of eight weeks of combined exercise on retinol bind-
ing protein 4, fatty acid-binding protein and lipopocalin-2
in diabetic women.

3. Methods

The study population of this quasi-experimental study
comprised all women with diabetes mellitus who referred
to the Bojnourd Diabetes Association from May to June

2017, from whom 18 available volunteers were selected as
the study samples. In order to implement the present re-
search, first the researcher referred to the Bojnourd Dia-
betes Association. After explaining the implementation
process for the person in charge, the list of people refer-
ring to the Bojnourd Diabetes Association was prepared
and, after coordination by calling and holding an advisory
session, the implementation of the present study was de-
scribed for all the patients and the volunteers to partici-
pate in the research were registered. Eventually, 18 volun-
teers were selected as the samples of study.

The inclusion criteria were fasting blood glucose be-
tween 150 and 250 mg/dL, type 2 diabetes based on a doc-
tor’s diagnosis and at least three years elapsed since diag-
nosis. The exclusion criteria comprised renal, cardiovascu-
lar, parathyroid or digestive diseases and insulin use.

All the subjects were asked to refrain from high inten-
sity physical activity for 48 hours. After this time, accord-
ing to the preset schedule, all the subjects were asked to be
present at the laboratory between 7:00 am and 8:00 am. At
first, the demographic and anthropometric characteristics
such as age, height and weight were obtained, and then 5 cc
of blood was drawn from the arterial vein in fasting state.
Afterwards, based on body mass index (BMI), the subjects
were assigned to two homogeneous groups of combined
training and control.

The combined training group performed a combina-
tion of resistance and endurance trainings for eight weeks,
three sessions per week and each session for 60 minutes
(21). The control group only had their daily activities dur-
ing this time. At the end of eight weeks, 48 hours after
the last training session, in the post-test, all the subjects
attended the laboratory and 5 cc of blood from the ar-
terial vein was taken in fasting state. Considering that
most previous studies had reported that 8 weeks (18, 21), 10
weeks (19) and 12 weeks (5) of exercise were effective on the
improvement of biomarkers of cardiovascular diseases in
healthy individuals and patients with diabetes, this study
examined the effect of eight weeks of combined exercise
training.

The exercise trainings included 10 minutes of warp-
up and 10 minutes of cool-down. The main training pro-
gram consisted of 20 minutes of combined training (in-
cluding trainings to strengthen the major muscle groups,
such as sit-ups, modified pull-ups, dumbbell lunges and
push-ups), followed by 20 minutes of aerobic training at
60% - 80% of the maximum heart rate. Combined trainings
involved three sets of 8 to 12 repetitions with 30-second in-
tervals between sets. After completing each combination,
each subject had 2 minutes of active rest and then moved
on to the next training. Serum level of RBP4 was measured
using an ELISA kit with a sensitivity of 51 ng/mL; serum
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level of A-FABP was measured using an ELISA kit with a sen-
sitivity of 2.56 ng/L and lipocalin-2 serum level was mea-
sured using an ELISA kit with a sensitivity of 10.12 ng/L, all
of which were made by Hangzhou Eastbiopharm Co. Ltd.,
China (Cat.No:CK-E11179).

To analyze the data, Kolmogorov-Smirnov, covariance,
independent samples t-test and paired sample t-test were
run in SPSS. P value less than 0.05 was considered statisti-
cally significant.

The research council of the Islamic Azad University, Bo-
jnourd Branch, confirmed the research, and the principles
stated in the Helsinki Declaration and the medical ethics
were observed.

4. Results

The demographic characteristics of the subjects are
presented in Table 1. The results of Kolmogorov-Smirnov
test showed that the distributions of FABP in pre-test (0.93),
FABP in post-test (0.96), RBP4 in pre-test (0.06), RBP4 in
post-test (0.07), lipocalin-2 in pre-test (0.99) and lipocalin-
2 in post-test (0.87) were normal. The results of the covari-
ance analysis test in Table 2 show that with the elimination
of the pre-test effect, FABP post-test levels in the combined
training group were significantly lower than in the control
group (F = 5.90, P = 0.02; Figure 1). Also, with the elim-
ination of the pre-test effect, RBP4 post-test levels in the
combined training group were significantly lower than in
the control group (F = 8.22, P = 0.01; Figure 2). Indepen-
dent samples t-test results in Table 3 exhibit that there was
no significant difference in pre-test and post-test levels of
lipocalin-2 in the combined training and control groups (t
= - 0.17, P = 0.86; Figure 3). The results of paired sample t-
test in Table 4 demonstrate that in the training group, FABP
(t = - 2.50, P = 0.03) and RBP4 levels (t = - 2.93, P = 0.01) de-
creased significantly compared to pre-test; however, there
was no significant difference in the pre-test and post-test
levels of lipocalin-2 (t = - 0.17, P = 0.86). In the control group
also, there were no significant differences in the pre-test
and post-test levels of FABP (t = - 0.14, P = 0.88), RBP4 (t =
0.52, P = 0.61) and lipocalin-2 (t = - 0.40, P = 0.69).

Table 1. The Demographic Characteristics of the Subjects in the Combined Training
and Control Groupsa

Factor Combined Training Control

Age, y 55.22 ± 8.15 54.34 ± 6.45

Height, cm 163.66 ± 5.36 164.33 ± 6.48

Weight, kg 79.77 ± 6.85 81.22 ± 5.71

Body mass index, kg/m2 30.74 ± 1.32 31.09 ± 2.48

aValues are expressed as mean ± SD.
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Figure 1. Pre-test and post-test levels FABP in the combined training and control
groups. * Significant reduction compared to pre-test; $ significant reduction com-
pared to post-test of the control group. Data are presented as mean ± SD. P ≤ 0.05,
covariance analysis and paired sample t-test.
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Figure 2. RBP4 levels of pre-test and post-test in the combined training and control
groups. ¥ significant reduction compared to pre-test; # significant reduction com-
pared to post-test of the control group. Data are presented as mean ± SD. P ≤ 0.05,
covariance analysis and paired sample t-test.

5. Discussion

The results of this study showed that combined train-
ing resulted in a significant reduction in FABP and RBP-4
in diabetic women. Among the consequences of type 2 di-
abetes are inflammatory status and increased RBP-4 level
(18), and the results of this study showed that the train-
ing program could lower the level of this adipokine. The
significant decrease in RBP-4 following exercise training
in this study was consistent with the reported on subjects
with type 2 diabetes in previous studies (5, 22, 23). How-
ever, there is much evidence to show that RBP-4 and FABP
concentrations are increased in obese, overweight and di-
abetic individuals (7, 8, 12). Since exercise elevates the ex-
pression of mRNA and GLUT4 proteins in adipocytes (24),
increase in GLUT4 can reduce the concentration of RBP-4
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Table 2. The Results of the Covariance Analysis Test for Comparing FABP and RBP4 Changes in the Combined Training and Control Groups

Factor Sum of Square df Mean of Square F P

FABP

FABP pre-test 333748.04 1 333748.04 69.76 0.001

FABP post-test 28251.74 1 28251.74 5.90 0.02

Error 71757.40 15 4783.82

Total 7420168.01 18

RBP4

RBP4 pre-test 215307.90 1 215307.90 330.11 0.001

RBP4 post-test 5362.24 1 5362.24 8.22 0.01

Error 9783.33 15 652.22

Total 874505.83 18

Table 3. The Results of Independent Samples t-Test for Comparing Lipocalin-2 Changes in the Combined Training and Control Groups

Variable Group df t P

Lipocalin-2
Combined training 16 - 0.17 0.86

Control

Table 4. The Results of Paired Sample t-Test for Comparing FABP, RBP4 and Lipocalin-
2 Changes in Pre-Test and Post-Test in the Combined Training and Control Groups

Variable/Group df t P

FABP

Combined
training

8 - 2.50 0.03

Control 8 - 0.14 0.88

RBP4

Combined
training

8 - 2.93 0.01

Control 8 0.52 0.61

Lipocalin-2

Combined
training

8 - 0.17 0.86

Control 8 - 0.40 0.68

(25).

Probably the increase in GLUT4 adipocytes due to com-
patibility with combined training can be a reason for re-
ducing the concentration of RBP-4 in the present study. Re-
duced level of RBP-4 as a result of exercise may be due to
the anti-inflammatory effects of regular exercise activity
(26). On the other hand, the reduction in insulin resistance
seems to be directly related to serum RBP-4 (27). It has been
shown that RBP-4 stimulates the expression of phospho-
enolpyruvate carboxylase kinase (PEPCK) and disrupts in-
sulin signaling (27). Serum reduction seems to be one of
the mechanisms that contribute to the improvement of in-
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Figure 3. Pre-test and post-test levels of lipocalin-2 in the combined training and
control groups. Data are presented as mean ± SD. P ≤ 0.05, independent samples
t-test and paired sample t-test.

sulin resistance, and endurance and resistance sports ac-
tivities can play an important role in improving diabetes
symptoms (28).

Another important finding of the present study was
the significant decrease in FABP concentration following
eight weeks of resistance and endurance training in dia-
betic women. Similarly, another group of researchers ob-
served a decline in the concentration of this index after
eight weeks of resistance training (18, 29). The mechanism
of FABP changes following exercise is not well defined (29).
Some studies have proposed FABP changes after exercise
stemmed from changes in fat mass and body fat percent-
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age following exercise (29). Contrary to the findings of
this study, there was no significant effect on the serum
level of RBP-4 in athletes after eight weeks of training in a
previous study (30). It seems that lower RBP-4 concentra-
tions in athletes compared to diabetics patients and those
with impaired glucose tolerance can be a reason for in-
significant effect of training (30). This discrepancy in re-
sults could be attributed to the type and intensity of the
training, sampling time after the last training session and
the physical condition of the subjects. Consequently, Sa-
farzade et al. attributed increased FABP concentration to
the short duration of resistance training in their research
and suggested that longer training periods could signifi-
cantly modify this plasma index (31). Also, the results of the
present study showed that eight weeks of resistance and
endurance training had no significant effect on lipocalin-2
level in diabetic women.

Lipocalin-2 has been shown to act as a responder to in-
flammatory signals, and the expression of this molecule
increases in the face of oxidative stress and inflammatory
agents (32). This finding is consistent with the results of
Choi et al. (5). The lack of reduction in cytokine level af-
ter moderate intensity training could be due to hormonal
changes and substrate metabolism, which were not ad-
dressed in this study. However, the lack of changes in
lipocalin-2 levels in the present study was not consistent
with the results of some previous studies (33, 34). It has
been stated in a research that to reduce the lipocalin-2
level, training at an intensity higher than 45% - 75% VO2 max

would be required (34). Based on the suggestions of previ-
ous studies, the possible molecular mechanisms for reduc-
ing this cardiovascular index can be adjusting adaptation
and anti-inflammatory effects of exercise activities (34).

5.1. Conclusions

According to results of the present study, type 2 dia-
betic women can implement eight weeks of combined re-
sistance and endurance exercise to improve their serum
levels of RBP4 and FABP. Considering that exercise intensity
and caloric restriction can affect RBP4, FABP and lipocalin-2
in diabetic patients, future studies are suggested to exam-
ine the effects of exercises with varying intensities along
with caloric constraints on RBP4, FABP and lipocalin-2 lev-
els in diabetic patients.
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