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ABSTRACT

Background and Purpose: Considering that diabetic patients have low physical fitness and are
prone to cardiovascular diseases, there is a need to conduct studies for the prevention and
treatment of these diseases. The present study investigates the effect of concurrent training (CT)
on some cardiovascular risk factors, serum estradiol, and physical fitness indicators in overweight
women with type 2 diabetes.

Materials and Methods: The research method was quasi-experimental with a pre-test and post-
test design. A total of 30 women with type 2 diabetes were randomly divided into CT and control
(CON) groups. Concurrent training was performed for 8 weeks and 3 sessions per week. The CT
program included resistance training with elastic bands, running with an intensity of 70%-85% of
the maximum heart rate, and skipping rope training with 40-45 jumps per minute. Forty-eight
hours before and after the intervention, blood samples were collected from all participants in a
fasting state to evaluate serum glucose, triglyceride, cholesterol levels, and estradiol. The VO, max
and upper body and lower body strength indicators were also assessed in all participants. The data
was analyzed using the statistical method of ANOVA with repeated measures.

Results: The results showed a significant increase in VO, max, serum estradiol, upper and lower
body muscle strength, and a significant decrease in serum triglyceride and glucose in the CT group
compared to the CON group (P<0.05). No significant difference was observed in low-density
lipoprotein/high-density lipoprotein ratio and total cholesterol (P>0.05).
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Introduction

iabetes is one of the chronic diseases as-

sociated with increased blood glucose lev-

els and body metabolic disorders due to

a lack or decrease in insulin function [1].

Type 2 diabetes is a chronic disease that is
spreading at an alarming rate in the world. Obesity and
diabetes have increased significantly in developed and
developing countries [2]. According to the World Health
Organization (WHO), the number of people with diabe-
tes will increase to 366 million by 2030 [3].

Type 2 diabetes is often associated with cardiovascu-
lar disease risk factors: Blood pressure, dyslipidemia,
obesity, and lack of physical activity. The leading cause
of death in these patients is cardiovascular disease,
which accounts for 65% of all deaths among these pa-
tients [4]. Lipid disorders significantly increase the risk
of cardiovascular diseases and other diseases related
to diabetes. High levels of total cholesterol, triglyceride,
low-density lipoprotein (LDL), glycosylated hemoglobin
(HbA1c), high blood pressure, low high-density lipo-
protein (HDL) concentration, and increased body mass
index (BMI) are significantly associated with cardiovas-
cular diseases [5]. Also, changes in hormonal patterns
in menopause, including a decrease in estradiol levels,
a relative increase in androgens, and an increase in vis-
ceral fat associated with glycemic traits, rising the risk of
type 2 diabetes [6].

Exercise training can have essential effects on prevent-
ing and treating obesity and related diseases [7]. Stud-
ies have shown that physical activity and exercise train-
ing are beneficial by empowering the body’s skeletal
muscles to take more glucose from the blood without
requiring insulin [8]. The role of regular physical activ-
ity, both in the primary prevention and the treatment of
this disease, is well defined, and people with type 2 dia-
betes can benefit from the advantages of physical activ-
ity to control their blood glucose level, lipid profile, and
body weight better [9]. Aerobic and resistance training
are common non-medicinal methods in treating diabet-
ic patients. Aerobic training is an activity with oxygen
consumption that can increase glucose consumption in
peripheral tissues and help increase insulin sensitivity.
Resistance training is an anaerobic activity that exerts a
certain resistance on a particular muscle group during
exercise, which can increase muscle volume and glu-
cose absorption and improve insulin sensitivity [10]. A
combination of aerobic and resistance training, as rec-
ommended by current American Diabetes Association
(ADA) guidelines, may be the most effective method for
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glucose and lipid control in type 2 diabetes [11]. How-
ever, the design of the best concurrent training (CT)
method for diabetic patients is still unsettled.

Previous research has shown a relationship between
low estrogen levels and type 2 diabetes [12]. Accord-
ing to previous research, in addition to cardiovascular
benefits, CT increases lean mass. Clinical research also
indicates better glycemic control in CT than in aerobic or
resistance training alone [13]. In CT, two training meth-
ods are performed in one session, which is a suitable
strategy due to the time limitations of patients [14].
Therefore, it is necessary to investigate the effect of CT
on some cardiovascular risk factors, serum estradiol,
and physical fitness indicators in overweight women
with type 2 diabetes. It is assumed that CT will improve
these indicators.

Materials and Methods
Study design

The current research method was quasi-experimental
with a pre-test and post-test design with a control (CON)
group, implemented in 2019.

Study participants

The convenience sampling technique was used to se-
lect the study samples. The G'Power software, version
3.1.9.4 was used to derive a sample size of 20 based on
a two-tailed procedure, an effect size of 0.60 in VO, max
based on the study of Motahari Rad et al. [15], a signifi-
cance level of 0.05, and a statistical power value of 0.80.
Although the researchers calculated the sample size to
be 20, considering that the participants in the present
study were overweight women with type 2 diabetes and
a possibility of dropping the sample size, the research-
ers selected 30 to start the study. So, 32 women with
type 2 diabetes were selected out of 40 who were re-
ferred to health centers in Kashmar City, Iran, for treat-
ment according to the inclusion criteria such as having a
blood glucose level of less than 250 mg/dL, having a his-
tory of type 2 diabetes for more than 5 years, no history
of cardiovascular diseases, no regular physical activity
in the last 6 months, and no smoking and alcohol con-
sumption. After explaining the aims and methods of the
study, 2 out of 32 withdrew due to their unwillingness to
participate, and the remaining participants completed
the consent form. The participants were randomly di-
vided into CT (n=16) and CON (n=14) groups. The exclu-
sion criteria were as follows: Being more than 3 sessions
absent from training, participating in exercise outside of

Azmand F, et al. The Concurrent Training and Overweight Women With Type 2 Diabetes. Iran J Health Sci. 2024; 12(1):59-68.



https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://www.who.int/
https://www.who.int/
https://diabetes.org/
https://diabetes.org/

Iranian Journal of Health Sciences

the training protocol, and deciding on a specialist physi-
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Diagnosis of diabetics

cian to stop the training program. According to Figure 1,

ten participants out of 30 were excluded from the study
during the intervention period due to personal reasons
and a specialist physician’s interruption of the training
program. As a result, the post-test stage was conducted

with 10 participants for each group.

Implementation method and measurements

The participants were invited to the gym to measure
their height, weight, and physical fitness indicators 1
week before the start of the training program. The par-
ticipants also were invited to a medical laboratory to
check the biochemical indicators. After this stage, the
participants of the CT group performed the training
program for 8 weeks, and 48 hours after the last train-

ing session, blood samples were collected in a

state, and physical fitness indicators were taken from all
the participants, similar to the pre-test stage. The par-
ticipants were asked not to make any special changes in
their diet during the intervention period and to report

iliness or any abnormal feelings.

An endocrinologist specialist diagnosed type 2 diabe-
tes, and people are considered diabetic with a blood
glucose level higher than 126 mg/dL, a 2-h blood glu-
cose level higher than 200 mg/dL, or a HbAlc concen-
tration of more than 6.5% [16].

Exercise protocol

The training program consisted of 8 weeks of CT per-
formed in 3 sessions per week. Each exercise session con-
sisted of 10 minutes of warm-up, 49-88 minutes of CT,
which included 23-38 minutes of activity, 26-50 minutes
of rest between sets, and 10 minutes of cooling down.
The training program was designed based on the partici-
pants’ physical characteristics and recommendations of
sports coaches and previous studies [17]. The exercise
training program included running, skipping rope, and re-
sistance exercises with elastic bands (Table 1). The wrist
pulse and metronome were used to control the running
and skipping rope training intensity, respectively.

fasting

I
! Enrollment | Assessed for eligibility (n=40)

Excluded (n=10)

¢ Not meeting the inclusion criteria
(n=8)

¢ Refused to participate (n=2)

CT group received the aerobic-resistance
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v

Lost to follow-up (n=6)
Personal reasons and interruption of the
training program by a physician
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Personal reasons and interruption of the
training program by a physician

I____-_-__.__-_I

Il Analysis : v

'Analyzed (n=10)
¢ Excluded from analysis (n=4)

]

Figure 1. Flowchart of the study design
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The rest period between sets was 60 seconds. To com-
ply with the overload principle, the resistance of the
elastics was increased in weeks 2, 4, 6, and 8.

Blood sampling

Blood samples (5 mL) were taken in the pre-test and
post-test after 12-14 hours of fasting in a sitting posi-
tion by the laboratory technician. The blood sample was
kept at room temperature for 1 hour to clot; then, the
clot was separated from the wall of the test tube and
centrifuged at 3000 rpm for 15 minutes. All participants
were asked not to do strenuous physical activity 2 days
before the blood sampling. All measurements were con-
ducted in a laboratory center in the pre-test and post-
test phases. Fasting serum glucose, triglyceride, and
cholesterol levels were measured using the Pars test kit
manufactured in Iran with a 0.99 mg/dL sensitivity. The
amount of serum estradiol was calculated using the Vi-
das kit manufactured in France using the immunofluo-
rescence method with a sensitivity of 0.9 pg/mL.

Anthropometric status

Standing height without shoes was measured using
tape (Tosan, China). Body weight was measured using
a portable SECA scale to the nearest 0.1 kg (Seca 770,
Hamburg, Germany). Body composition was also as-
sessed using BMI.

Physical fitness indicators

The VO, max and upper and lower body strength in-
dicators were investigated in the present study. Before
measuring the physical fitness indicators, the partici-
pants got acquainted with the physical fitness tests. All
safety issues were considered during measurements.
The participants repeated each test twice, and their
best performance was recorded by two experienced as-
Sessors.

The 1-mile Rockport walking test was used to measure
maximum oxygen consumption. This test was carried
out in dimensions of 35x45 m. The participants walked
20 laps at maximum speed, and then the running time
was measured using a stopwatch [18].

VO, max (mL/kg/min) was estimated using the follow-
ing equation: [132.853-(0.0769xbody weight in Ibs)-
(0.3877xage in y)-(3.2649xtime in min)-(0.1565xheart
rate in beats/min)].

Iranian Journal of Health Sciences

The arm curl test evaluates the strength of the arm
flexor muscles. The participants to perform the test sat
on a chair and were asked to lean their back against the
back of the chair to avoid excessive body movements;
then, with a weight of 2.27 kg, they performed the arm
curl movement while the palm was facing up. The num-
ber of repetitions of elbow flexion and extensionin 30 s
was recorded for each individual [19].

Finally, the 30-s chair stand test evaluates the perfor-
mance of the lower body muscles. The participants who
performed the test sat in the middle of the chair with-
out arms, with a seat height of 43.2 cm. In this position,
the feet were placed on the floor at an angle slightly
back from the knees, and the hands were crossed on
the chest. At the signal “go”, the participants rose to a
full stand and then returned to the initial seated posi-
tion. The number of sit-to-stand repetitions in 30 s was
recorded for each individual [19].

Dietary analysis

The 24-h food recall questionnaire was used for 3 days
in the first week of the training intervention and in the
last week of the study to calculate calorie intake in order
to control the confounding effect of the patient’s diet.
The data on food intake was analyzed with the use of
Nutrition 4 software (First Databank, San Bruno, CA,
USA).

Statistical analysis

The Shapiro-Wilk test was used to determine the
normality of the data distribution. Analysis of variance
with repeated measures was used to test the research
hypotheses. The effect size of the independent samples
was calculated by partial eta squared (pn?). An effect
size of 0.10 is considered small, 0.25 medium, and 0.40
large [20]. All statistical operations were performed us-
ing SPSS software, version 22 and the significance level
of alpha was considered 0.05 in all tests.

Results

The number of participants at baseline was 30 (n=16
and 14 for CT and CON, respectively), which decreased
to 20 (n=10 for CT and CON) in the follow-up phase.
Age, height, weight, BMI, and history of diabetes of
the CT group (n=10) were 54.10+3.11 y, 159.30+2.21
cm, 68.49+4.86 kg, 27.02+2.29 kg/m? and 8.20+2.30
y, respectively. These indices in the CON group (n=10)
were 52.20+4.92 vy, 161.10£4.92 cm, 75.71+6.33 kg,
29.14+1.46 kg/m?, and 8.60+2.88 y, respectively. Signifi-
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cant differences in weight (P=0.010) and BMI (P=0.024)
were observed between the two groups. Also, there
were no significant differences between the two groups
in age (P=0.315), height (P=0.304), and history of diabe-
tes (P=0.735).

None of the participants were injured during the train-
ing protocol. The mean compliance percentage was
calculated as a percentage of attendance sessions ver-
sus the total number of required sessions, which was
91.25%+4.99% for the CT group. The MeanSD of the
heart rate during running was reported as 125.57+2.38
beats/min.

The MeanzSD of daily caloric intake are given in Figure
2. The changes in daily calorie intake during the inter-
vention period were not significantly different between
CT and CON groups (F=0.041, P=0.841, pn?=0.002).

The MeanzSD of serum estradiol level is given in Fig-
ure 3. The results of this study showed that an 8-week
CT had a significant effect on serum estradiol levels
in overweight women with type 2 diabetes (F=6.642,
P=0.019, pn*=0.270).

The analysis of variance (ANOVA) with repeated mea-
sures showed that CT significantly improved VO, max,
arm curl, and 30-s chair stand (P<0.001, pn?=0.749-
0.940) (Table 2).

ANOVA with repeated measures showed that CT
causes a significant decrease in serum triglyceride
and fasting blood sugar (FBS) levels (P=0.015-0.019,

Table 1. Exercise training program
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pn?=0.269-0.286). On the other hand, no significant
changes were observed in the indices of LDL/HDL ratio
and serum total cholesterol (P=0.079-0.143, pn?=0.115-
0.162) (Table 3).

Discussion

The purpose of this study was to investigate the ef-
fect of CT on some cardiovascular risk factors, as well
as serum estradiol and physical fitness indicators in
overweight women with type 2 diabetes. The results
showed that CT improves physical fitness indicators, in-
cluding VO, max and upper body and lower body muscle
strength. Some biochemical indicators, such as serum
estradiol, increased, but serum triglyceride and glucose
decreased significantly. No significant changes were ob-
served in the LDL/HDL ratio and total cholesterol.

In the present study, a significant increase (52.32%) in
VO, max was observed in women with type 2 diabetes
after 8 weeks of CT. da Silveira Rodrigues et al. [21] and
Agner et al. [22] reported an improvement in aerobic
performance evidenced by an increase in the distance
covered in the 6-min walk test after 12 weeks of CT. Mar-
tins et al. [23] reported a significant increase in aerobic
endurance of postmenopausal women at risk of diabe-
tes after 12 weeks of CT, which was consistent with the
results of this study. Previous studies have shown that a
higher level of regular physical activity and cardiorespi-
ratory fitness is associated with a reduced risk of coro-
nary heart disease [24]. Low cardiorespiratory fitness is
associated with increased metabolic disorders [25]. VO,

Resistance Exercise

Exercises
Week 1-2

Week 3-4

Week 5-6 Week 7-8

Bench press
Squat
Seated row

1 setx8-12 reps
Lying leg curls

2 setsx8-12 reps

3 setsx8-12 reps 4 setsx8-12 reps

Arm curl
Standing fly
Aerobic Exercise
Exercises
Week 1-2 Week 3-4 Week 5-6 Week 7-8
. 10 setsx1 minx70-85% HR 11 setsx1 minx70-85% 12 setsx1 minx70-85% 13 setsx1 minx70-85%
Running
max HR max HR max HR max
— 10 setsx1 minx40-45 jumps 11 setsx1 minx40-45 12 setsx1 minx40-45 13 setsx1 minx40-45
Skipping rope

per min

jumps per min

jumps per min jumps per min
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Figure 3. The serum estradiol level in overweight women with type 2 diabetes

max is influenced by central adaptations such as better
cardiac function and local and general adaptations on
the vasculature. Reducing peripheral blood pressure
and blood viscosity due to increased plasma levels is an
adaptation to exercise training [26]. One of the effec-
tive factors in improving VO, max is muscle adaptations,
such as an increase in capillary density, level of oxygen
delivery to muscle cells, mitochondria density, and mi-
tochondrial enzymes [27].

In the present study, a significant increase in up-
per body (35.26%) and lower body (33.36%) muscle
strength was observed in women with type 2 diabetes
after 8 weeks of CT. In this regard, da Silveira Rodrigues
et al. [21] reported a significant increase in muscle
strength in patients with type 2 diabetes after 12 weeks
of CT. Martins et al. [23] also reported a significant in-
crease in muscle strength in postmenopausal women at
risk of diabetes after 12 weeks of CT. Muscle weakness
and lower limb atrophy may occur in patients with type
2 diabetes and increase their risk of falling. Almurdhi
et al. [28] reported that the strength of the lower body
muscles of patients with type 2 diabetes significantly
decreased due to the decrease in muscle volume. These
patients also experience a decrease in muscle strength
due to the accumulation of fat in the muscles of the low-

er limbs, and this decrease in muscle strength and vol-
ume is related to peripheral neuropathy. The high level
of inflammation and oxidative stress also contributes to
muscle atrophy and a reduction in total muscle mass in
these patients [29].

For this reason, functional capacity and movement
abilities decrease in patients with type 2 diabetes [30].
In this context, the American College of Sports Medicine
(ACSM) has approved increasing muscle strength and
endurance to improve the health of type 2 diabetes pa-
tients [17]. The possible role of neuromuscular adapta-
tions, muscle hypertrophy, and metabolic adaptations
regarding the effect of exercise training on improving
muscle strength and endurance can be mentioned [31].

In the present study, a significant increase (27.13%)
in serum estradiol was observed in women with type 2
diabetes after 8 weeks of CT. Shabani [32] also reported
a significant increase in serum estradiol levels in obese
women with glucose tolerance disorder after 12 weeks
of CT. Campbell et al. [33] did not report a significant
difference in estradiol levels after 12 weeks of aerobic
training, which was inconsistent with the results of the
present study. The difference in the results is due to the
difference in the training protocol or the difference in
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Table 2. Effect of CT on physical fitness indicators in overweight women with type 2 diabetes

Mean+SD Statistical Result
Variables Group
Baseline Post-test Change (%) F P pn’

CcT 24.15+1.58 36.74+2.94 52.32

VO, max (mL/kg/min) 282.670 <0.001 0.940
CON 23.85+1.31 23.20+1.45 -2.74
CcT 21.80+1.75 29.30+1.64 35.26

Arm curl (n) 89.299 <0.001 0.832
CON 22.00+2.54 21.60+2.17 -1.64
CcT 17.30+2.41 23.00+3.53 33.36

30-s chair stand (n) CON 17.50+3.66 17.20+3.91 -1.64 53.821 <0.001 0.749
CON 130.90+25.14 135.70+25.63 8.01

CT: Concurrent training; CON: Control.

the age of the participants. All participants in Campbell
et al’s study had regular menstrual cycles [33], while the
participants in the current study were near menopause
and had lower estrogen levels. In old age, the estradiol
level decreases due to insulin resistance. Estrogen level
is one of the factors affecting vascular function in con-
ditions of low estrogen level, such as menopause, en-
dothelial function changes, and peripheral blood flow,
including blood circulation in muscles, decreases, which
may limit insulin delivery and increase insulin resistance
[34]. One of the effective mechanisms in estrogen se-
cretion is nitric oxide. Nitric oxide interacts with kis-
speptin in the nervous system and increases sex hor-
mones through the secretion of gonadotropin-releasing
hormone [35].

The present study observed a significant decrease
(23.40%) in the serum glucose level after 8 weeks of
CT. Tan et al. [36] showed that 6 months of CT reduced
serum glucose levels in older people with type 2 diabe-
tes, which is in line with the results of the present study.
Martins et al. [23] reported a significant reduction in
serum glucose levels in postmenopausal women at risk
of diabetes after 12 weeks of CT, consistent with our
study’s reduction in fasting glucose levels. The skeletal
muscle consumes blood glucose as an energy source
during exercise. The absorption process includes com-
plex molecular signaling mechanisms that are different
from the molecular mechanism related to the effect of
insulin on glucose absorption. Membrane absorption of
glucose, which is activated during physical activity, is a

Table 3. Effect of CT on cardiovascular risk factors in overweight women with type 2 diabetes

Mean+SD Statistical Result
Variables Group
Baseline Post-test Change (%) F P pn?
CcT 2.64+0.72 2.33+0.66 -9.25
LDL/HDL ratio 3.471 0.079 0.162
CON 3.18+0.79 3.30+0.88 5.11
CT 198.40+94.84 145.90+2.21 -23.76
Serum triglyceride (mg/dL) 7.204  0.015 0.286
CON 167.10+£39.85 182.80+80.20 6.22
CcT 185.02+28.39 173.80+30.23 -6.25
Serum total cholesterol (mg/dL) 2.346 0.143  0.115
CON 194.90+31.21 197.40+29.85 211
CT 129.80+17.80 98.10+13.55 -23.40
FBS (mg/dL) 6.68 0.019 0.269
CON 130.90+25.14 135.70+25.63 8.01

Abbreviations: CT: Concurrent training; CON: Control; FBS: Fasting blood sugar; LDH: Low-density lipoprotein; HDL: High-density lipopro-
tein.
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reason for emphasizing the value of physical activity in
non-pharmacological treatment [8].

The present study observed a significant decrease
(23.76%) in serum triglyceride levels. Also, there was
no significant change in serum total cholesterol level
and LDL/HDL ratio in women with type 2 diabetes.
Banayi et al. [37] and Nasiri et al. 38] reported a sig-
nificant decrease in serum triglyceride levels in women
with diabetes after 8 weeks of CT, which was consistent
with the results of the present study. These research-
ers also observed a significant decrease in serum total
cholesterol levels, which is inconsistent with the results
of the present study. In Nasiri et al’s research [38], no
significant difference was observed in LDL/HDL ratio in
women with type 2 diabetes after 8 weeks of CT, which
was consistent with the results of the present study. Ra-
biei et al. [39] also reported no significant difference in
serum HDL and LDL levels in women with type 2 dia-
betes after 10 weeks of CT, which was consistent with
the results of the present study. An increase in the con-
centration of LDL and, on the other hand, a decrease in
HDL in patients with type 2 diabetes may increase the
risk of cardiovascular disease. LDL accumulates more
in the walls of blood vessels and causes disturbances in
the activity of the heart and blood vessels. At the same
time, HDL transports cholesterol from blood vessels to
the liver, prevents fat accumulation in the blood vessels,
and can reduce blood vessel clogging [40]. One of the
determining factors of the effect of exercise training on
lipid profile is body composition, so the reduction of
body weight and fat mass is related to the decrease in
total and LDL cholesterol levels and the increase in HDL
levels [41]. Physical activity also plays an essential role in
increasing the protein expression of adipose triglyceride
lipase [42]. It is worth noting that as a result of exercise
training, increasing the activity of lecithin cholesterol
acyltransferase and decreasing the activity of plasmatic
cholesterol ester transfer protein play essential roles in
improving the lipid profile [41].

Every research has some limitations. In the current
study, the lack of control of the level of motivation and
mental states during the training and implementation
of the tests; not blinding the subjects, personnel, and
assessors; low sample size; non-random allocation of
samples into two groups; and lack of measurement of
long-term effects of CT program are among the limita-
tions of the present research.
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Conclusion

According to the results of the present study, 8 weeks
of CT can improve physical fitness indicators and some
cardiovascular risk factors in women with type 2 diabe-
tes. Considering that the serum estradiol level increased
in the present study, health-related institutions can use
the benefits of CT to control blood glucose and prevent
complications related to menopause and the elderly,
such as osteoporosis.

Ethical Considerations
Compliance with ethical guidelines

The ethical permission for this work was received from
the Research Ethics Committee of Hakim Sabzevari Uni-
versity (Code: IR.HSU.REC.1397.007).

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sec-
tors.

Authors contributions

Idea development and supervision: Amir Hossein
Haghighi and Roya Askari; Data collection, data analysis
and literature review: Fatemeh Azmand; Review and ed-
iting: Hadi Shahrabadi.

Conflict of interest
The authors declared no conflict of interest.
Acknowledgements

The authors thank all the participants who helped
them with this study.

References

[1] Berbudi A, Rahmadika N, Tjahjadi Al, Ruslami R. Type 2 diabetes
and its impact on the immune system. Current Diabetes Reviews.
2020; 16 (5):442-9. [DOI:10.2174/1573399815666191024085838]
[PMID]

[2] Misra A, Gopalan H, Jayawardena R, Hills AP, Soares M, Reza-Albar-
rdn AA, et al. Diabetes in developing countries. Journal of Diabetes.
2019; 11(7):522-39. [DOI:10.1111/1753-0407.12913] [PMID]

Azmand F, et al. The Concurrent Training and Overweight Women With Type 2 Diabetes. Iran J Health Sci. 2024; 12(1):59-68.



https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://www.hsu.ac.ir/
https://www.hsu.ac.ir/
https://doi.org/10.2174/1573399815666191024085838
https://www.ncbi.nlm.nih.gov/pubmed/31657690
https://doi.org/10.1111/1753-0407.12913
https://www.ncbi.nlm.nih.gov/pubmed/30864190

Iranian Journal of Health Sciences

[3] Abd El-Kader SM, Saiem Al-Dahr MH. Impact of weight loss on oxi-
dative stress and inflammatory cytokines in obese type 2 diabetic
patients. Afr Health Sci. 2016; 16(3):725-33. [DOI:10.4314/ahs.
v16i3.12] [PMID]

[4] Chudyk A, Petrella RJ. Effects of exercise on cardiovascular risk
factors in type 2 diabetes: A meta-analysis. Diabetes Care. 2011;
34(5):1228-37. [DOI:10.2337/dc10-1881] [PMID]

[5] Gholi Z, Heidari-Beni M, Feizi A, Iraj B, Askari G. The characteris-
tics of pre-diabetic patients associated with body composition and
cardiovascular disease risk factors in the Iranian population. Jour-
nal of Research in Medical Sciences: The Official Journal of Isfahan
University of Medical Sciences. 2016; 21:20. [DOI:10.4103/1735-
1995.179888] [PMID]

[6] De Paoli M, Zakharia A, Werstuck GH. The role of estrogen in insu-
lin resistance: A review of clinical and preclinical data. The Ameri-
can Journal of Pathology. 2021; 191(9):1490-8. [DOI:10.1016/j.
ajpath.2021.05.011] [PMID]

[7] Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana SS, Nimmo
MA. The anti-inflammatory effects of exercise: Mechanisms and
implications for the prevention and treatment of disease. Nature
Reviews Immunology. 2011; 11(9):607-15. [DOI:10.1038/nri3041]
[PMID]

[8] Sylow L, Kleinert M, Richter EA, Jensen TE. Exercise-stimulated
glucose uptake-regulation and implications for glycaemic control.
Nature Reviews Endocrinology. 2017; 13(3):133-48. [DOI:10.1038/
nrendo.2016.162] [PMID]

[9] Kawasaki T, Sullivan CV, Ozoe N, Higaki H, Kawasaki J. A long-term,
comprehensive exercise program that incorporates a variety of
physical activities improved the blood pressure, lipid and glucose
metabolism, arterial stiffness, and balance of middle-aged and
elderly Japanese. Hypertension Research. 2011; 34(9):1059-66.
[DOI:10.1038/hr.2011.81] [PMID]

[10] Hu MY. Effect of resistance+ aerobic exercise on insulin resist-
ance, plaque properties and lipid metabolism in patients with dia-
betic macroangiopathy. Journal of Hainan Medical University. 2017;
23(16):29-32. [Link]

[11] Kirwan JP, Sacks J, Nieuwoudt S. The essential role of exercise in
the management of type 2 diabetes. Cleveland Clinic Journal of
Medicine. 2017; 84(7 Suppl 1):515-21. [DOI:10.3949/ccjm.84.s1.03]
[PMID]

[12] Marchand GB, Carreau AM, Weisnagel SJ, Bergeron J, Labrie
F, Lemieux S, et al. Increased body fat mass explains the positive
association between circulating estradiol and insulin resistance in
postmenopausal women. American Journal of Physiology-Endo-
crinology and Metabolism. 2018; 314(5):E448-56. [DOI:10.1152/
ajpendo.00293.2017] [PMID]

[13] Lopez A, Wyatt F. The effect of aerobic and resistance training on
glycemic control in type 2 diabetes mellitus: Meta-analytic study.
International Journal of Exercise Science: Conference Proceedings.
2019; 2(11). [Link]

[14] Murlasits Z, Kneffel Z, Thalib L. The physiological effects of concur-
rent strength and endurance training sequence: A systematic review
and meta-analysis. Journal of Sports Sciences. 2018; 36(11):1212-9.
[DOI:10.1080/02640414.2017.1364405] [PMID]

[15] Motahari Rad M, Bijeh N, Attarzadeh Hosseini SR, Raouf Saeb A.
The effect of two concurrent exercise modalities on serum concen-
trations of FGF21, irisin, follistatin, and myostatin in men with type
2 diabetes mellitus. Archives of Physiology and Biochemistry. 2023;
129(2):424-33. [DOI:10.1080/13813455.2020.1829649] [PMID]

January 2024, Vol 12, Issue 1

[16] American Diabetes Association. Diagnosis and classification of di-
abetes mellitus. Diabetes Care. 2014; 37(1):581-90. [DOI:10.2337/
dc14-S081] [PMID]

[17] Kanaley JA, Colberg SR, Corcoran MH, Malin SK, Rodriguez NR,
Crespo CJ, et al. Exercise/physical activity in individuals with type
2 diabetes: a consensus statement from the American College of
Sports Medicine. Medicine and Science in Sports and Exercise. 2022;
54(2):353-68. [DOI:10.1249/MSS.0000000000002800] [PMID]

[18] Osho OA, Akinbo S, Osinubi A, Olawale O. Effect of weight bearing
and non-weight bearing aerobics combined with resistance exercis-
es on the cardiopulmonary functions of Nigerians with type 2 dia-
betes mellitus. Journal of Diabetes and Metabolism. 2011; 10:001.
[DOI:10.4172/2155-6156.510-001]

[19] Rikli RE, Jones CJ. Development and validation of a functional fit-
ness test for community-residing older adults. Journal of Aging and
Physical Activity. 1999; 7:129-61. [DOI:10.1123/japa.7.2.129]

[20] Cohen ). Statistical power analysis for the behavioural science.
New Jersey: L. Erlbaum Associates; 1988. [Link]

[21] da Silveira Rodrigues JG, Perez DIV, Aleixo IMS, Fonseca CG,
Deresz LF, Soares DD, et al. Concurrent training improves the body
composition of elderly type 2 diabetic patients treated with insulin.
Journal of Physical Education and Sport. 2018; 18(3):1661-8. [Link]

[22] Agner VFC, Garcia MC, Taffarel AA, Mourdo CB, da Silva IP, da Silva
SP, et al. Effects of concurrent training on muscle strength in older
adults with metabolic syndrome: A randomized controlled clini-
cal trial. Archives of Gerontology and Geriatrics. 2018; 75:158-64.
[DOI:10.1016/j.archger.2017.12.011] [PMID]

[23] Martins FM, de Paula Souza A, Nunes PRP, Michelin MA, Murta
EFC, Resende EAMR, et al. High-intensity body weight training is
comparable to combined training in changes in muscle mass, physi-
cal performance, inflammatory markers and metabolic health in
postmenopausal women at high risk for type 2 diabetes mellitus:
A randomized controlled clinical trial. Experimental Gerontology.
2018; 107:108-15. [DOI:10.1016/j.exger.2018.02.016] [PMID]

[24] Al-Mallah MH, Sakr S, Al-Qunaibet A. Cardiorespiratory fitness
and cardiovascular disease prevention: An update. Current Athero-
sclerosis Reports. 2018; 20(1):1. [ [DOI:10.1007/s11883-018-0711-
4] [PMID]

[25] Montesi L, Moscatiello S, Malavolti M, Marzocchi R, Marchesini
G. Physical activity for the prevention and treatment of metabolic
disorders. Internal and Emergency Medicine. 2013; 8(8):655-66.
[DOI:10.1007/511739-013-0953-7] [PMID]

[26] Tucker WJ, Fegers-Wustrow |, Halle M, Haykowsky MJ, Chung EH,
Kovacic JC. Exercise for primary and secondary prevention of car-
diovascular disease: JACC focus seminar 1/4. Journal of the Ameri-
can College of Cardiology. 2022; 80(11):1091-106. [DOI:10.1016/j.
jacc.2022.07.004] [PMID]

[27] Lundby C, Jacobs RA. Adaptations of skeletal muscle mitochon-
dria to exercise training. Experimental Physiology. 2016; 101(1):17-
22.[DOI:10.1113/EP085319] [PMID]

[28] Almurdhi MM, Reeves ND, Bowling FL, Boulton AJ, Jeziorska
M, Malik RA. Reduced lower-limb muscle strength and volume in
patients with type 2 diabetes in relation to neuropathy, intramus-
cular fat, and vitamin D levels. Diabetes Care. 2016; 39(3):441-7.
[DOI:10.2337/dc15-0995] [PMID]

Azmand F, et al. The Concurrent Training and Overweight Women With Type 2 Diabetes. Iran J Health Sci. 2024; 12(1):59-68.



https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.4314/ahs.v16i3.12
https://doi.org/10.4314/ahs.v16i3.12
https://www.ncbi.nlm.nih.gov/pubmed/27917205
https://doi.org/10.2337/dc10-1881
https://www.ncbi.nlm.nih.gov/pubmed/21525503
https://doi.org/10.4103/1735-1995.179888
https://doi.org/10.4103/1735-1995.179888
https://www.ncbi.nlm.nih.gov/pubmed/27904566
https://doi.org/10.1016/j.ajpath.2021.05.011
https://doi.org/10.1016/j.ajpath.2021.05.011
https://www.ncbi.nlm.nih.gov/pubmed/34102108
https://doi.org/10.1038/nri3041
https://www.ncbi.nlm.nih.gov/pubmed/21818123
https://doi.org/10.1038/nrendo.2016.162
https://doi.org/10.1038/nrendo.2016.162
https://www.ncbi.nlm.nih.gov/pubmed/27739515
https://doi.org/10.1038/hr.2011.81
https://www.ncbi.nlm.nih.gov/pubmed/21753777
https://web.archive.org/web/20180409212055id_/http://www.hnykdxxb.com/PDF/201716/8.pdf
https://doi.org/10.3949/ccjm.84.s1.03
https://www.ncbi.nlm.nih.gov/pubmed/28708479
https://doi.org/10.1152/ajpendo.00293.2017
https://doi.org/10.1152/ajpendo.00293.2017
https://www.ncbi.nlm.nih.gov/pubmed/29208612
https://digitalcommons.wku.edu/ijesab/vol2/iss11/12/
https://doi.org/10.1080/02640414.2017.1364405
https://www.ncbi.nlm.nih.gov/pubmed/28783467
https://doi.org/10.1080/13813455.2020.1829649
https://www.ncbi.nlm.nih.gov/pubmed/33044849
https://doi.org/10.2337/dc14-S081
https://doi.org/10.2337/dc14-S081
https://www.ncbi.nlm.nih.gov/pubmed/24357215
https://doi.org/10.1249/MSS.0000000000002800
https://www.ncbi.nlm.nih.gov/pubmed/35029593
https://doi.org/10.4172/2155-6156.S10-001
https://doi.org/10.1123/japa.7.2.129
https://www.google.com/books/edition/Statistical_Power_Analysis_for_the_Behav/gA04ngAACAAJ?hl=en
https://repositorio.ufmg.br/handle/1843/49099
https://doi.org/10.1016/j.archger.2017.12.011
https://www.ncbi.nlm.nih.gov/pubmed/29306767
https://doi.org/10.1016/j.exger.2018.02.016
https://www.ncbi.nlm.nih.gov/pubmed/29471132
https://doi.org/10.1007/s11883-018-0711-4
https://doi.org/10.1007/s11883-018-0711-4
https://www.ncbi.nlm.nih.gov/pubmed/29340805
https://doi.org/10.1007/s11739-013-0953-7
https://www.ncbi.nlm.nih.gov/pubmed/23657989
https://doi.org/10.1016/j.jacc.2022.07.004
https://doi.org/10.1016/j.jacc.2022.07.004
https://www.ncbi.nlm.nih.gov/pubmed/36075680
https://doi.org/10.1113/EP085319
https://www.ncbi.nlm.nih.gov/pubmed/26440213
https://doi.org/10.2337/dc15-0995
https://www.ncbi.nlm.nih.gov/pubmed/26740641

January 2024, Vol 12, Issue 1

[29] Shen Y, Li M, Wang K, Qi G, Liu H, Wang W, et al. Diabetic mus-
cular atrophy: Molecular mechanisms and promising therapies.
Frontiers in Endocrinology. 2022; 13:917113. [DOI:10.3389/fen-
do.2022.917113] [PMID]

[30] Leenders M, Verdijk LB, van der Hoeven L, Adam JJ, Van Kranen-
burg J, Nilwik R, et al. Patients with type 2 diabetes show a greater
decline in muscle mass, muscle strength, and functional capacity
with aging. Journal of the American Medical Directors Association.
2013; 14(8):585-92. [DOI:10.1016/j.jamda.2013.02.006] [PMID]

[31] Zanuso S, Sacchetti M, Sundberg CJ, Orlando G, Benvenuti P,
Balducci S. Exercise in type 2 diabetes: Genetic, metabolic and
neuromuscular adaptations. A review of the evidence. British
Journal of Sports Medicine 2017; 51(21):1533-8. [DOI:10.1136/bjs-
ports-2016-096724] [PMID]

[32] Shabani R. [The effect of concurrent aerobic-resistance exercise
training on estrogen level and glucose homeostasis of menopausal
females with blood glucose impairment (Persian)]. Iranian Journal
of Rehabilitation Research. 2017; 3(3):1-10. [Link]

[33] Campbell KL, Westerlind KC, Harber VJ, Bell GJ, Mackey JR,
Courneya KS. Effects of aerobic exercise training on estrogen me-
tabolism in premenopausal women: A randomized controlled trial.
Cancer Epidemiology Biomarkers & Prevention. 2007; 16(4):731-9.
[DOI:10.1158/1055-9965.EPI-06-0784] [PMID]

[34] Ramirez-Herndndez D, Lépez-Sanchez P, Lezama-Martinez D,
Kuyoc-Arroyo NM, Rodriguez-Rodriguez JE, Fonseca-Coronado S, et
al. Timing matters: Effects of early and late estrogen replacement
therapy on glucose metabolism and vascular reactivity in ovariecto-
mized aged wistar rats. Journal of the Renin-Angiotensin-Aldoster-
one System. 2023; 2023:6683989. [PMID]

[35] Goodman RL, Herbison AE, Lehman MN, Navarro VM. Neuroen-
docrine control of gonadotropin-releasing hormone: Pulsatile and
surge modes of secretion. Journal of Neuroendocrinology. 2022;
34(5):e13094. [DOI:10.1111/jne.13094] [PMID]

[36] Tan S, Li W, Wang J. Effects of six months of combined aerobic and
resistance training for elderly patients with a long history of type 2
diabetes. Journal of Sports Science & Medicine. 2012; 11(3):495-
501. [PMID]

[37] Banayi P, Tadibi V, Rahimi M. [Comparing the effect of 8 weeks of
concurrent training with and without rest interval “on lipid profile
and body composition in women with type 2 diabetes (Persian)].
Journal of Sport and Exercise Physiology. 2014; 7:1045-50. [Link]

[38] Nasiri S, Banitalebi E, faramarzi M, Rabiei V. [Study of blood sugar
and lipid profile changes after eight weeks of combined training in
women with type 2 diabetes (Persian)]. Journal of Jiroft University
of Medical Sciences. 2017; 3(2):114-24. [Link]

[39] Rabiei V, Nikbakht M, Ranjbar R. [The effects of two exercise
methods combined (strength-aerobic) and sprint intensity on new
parameters of cardio-metabolic risk in women with type 2 diabetes
(Persian)]. Journal of Knowledge & Health in Basic Medical Science.
2018; 13(3):60-9. [Link]

[40] Mahdy Ali K, Wonnerth A, Huber K, Wojta J. Cardiovascular dis-
ease risk reduction by raising HDL cholesterol - Current therapies
and future opportunities. British Journal of Pharmacology. 2012;
167(6):1177-94. [DOI:10.1111/j.1476-5381.2012.02081.x] [PMID]

[41] Lira FS, Yamashita AS, Uchida MC, Zanchi NE, Gualano B, Martins
E Jr, et al. Low and moderate, rather than high intensity strength
exercise induces benefit regarding plasma lipid profile. Diabetology
& Metabolic Syndrome. 2010; 2:31. [DOI:10.1186/1758-5996-2-31]
[PMID]

Iranian Journal of Health Sciences

[42] Fritsch LJ, McCaulley SJ, Johnson CR, Lawson NJ, Gorres-Martens
BK. Exercise prevents whole body type 2 diabetes risk factors bet-
ter than estradiol replacement in rats. Journal of Applied Physiol-
ogy. 2021; 131(5):1520-31. [DOI:10.1152/japplphysiol.00098.2021]
[PMID]

Azmand F, et al. The Concurrent Training and Overweight Women With Type 2 Diabetes. Iran J Health Sci. 2024; 12(1):59-68.



https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.3389/fendo.2022.917113
https://doi.org/10.3389/fendo.2022.917113
https://www.ncbi.nlm.nih.gov/pubmed/35846289
https://doi.org/10.1016/j.jamda.2013.02.006
https://www.ncbi.nlm.nih.gov/pubmed/23537893
https://doi.org/10.1136/bjsports-2016-096724
https://doi.org/10.1136/bjsports-2016-096724
https://www.ncbi.nlm.nih.gov/pubmed/28501806
http://ijrn.ir/article-1-275-fa.html
https://doi.org/10.1158/1055-9965.EPI-06-0784
https://www.ncbi.nlm.nih.gov/pubmed/17416764
https://pubmed.ncbi.nlm.nih.gov/38025203/
https://doi.org/10.1111/jne.13094
https://www.ncbi.nlm.nih.gov/pubmed/35107859
https://pubmed.ncbi.nlm.nih.gov/24149359/
https://scj.sbu.ac.ir/article_98691_e9d1ad6a5c54a71c81698d774a844801.pdf
http://journal.jmu.ac.ir/files/site1/user_files_3fd213/nasiri11-A-10-135-1-e380f4a.pdf
https://knh.shmu.ac.ir/index.php/site/article/view/2014/pdf_331
https://doi.org/10.1111/j.1476-5381.2012.02081.x
https://www.ncbi.nlm.nih.gov/pubmed/22725625
https://doi.org/10.1186/1758-5996-2-31
https://www.ncbi.nlm.nih.gov/pubmed/20492685
https://doi.org/10.1152/japplphysiol.00098.2021
https://www.ncbi.nlm.nih.gov/pubmed/34590912

	_GoBack

