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on blood glucose, blood pressure and body
composition in patients with type 2 diabetes
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Abstract

Background Physical activity has been recommended as an important non-pharmacological therapeutic strategy for
the management of type 2 diabetes mellitus (T2DM). The aim of this study was to investigate the effects of 12 weeks
of strength, aerobic, and a combination of aerobic and resistance training on blood glucose level, blood pressure, and
body composition in patients with T2DM.

Methods From Debremarkos referral hospital, 40 subjects with T2DM (mean age 42.45 years, 29 men, 11 women)
were randomly assigned to one of three intervention groups or the control group. The following variables were
measured: body mass index (BMI), fasting blood glucose (FBG), systolic blood pressure (SBP), diastolic blood pressure
(DBP), and body fat percentage (BFP). Paired sample T-test and one-way ANCOVA were applied whilst controlling for
diet, gender, and age.

Results All intervention groups showed improvement in a mean difference of FBG —13.03 (t =-5.55, df=39,
p<0.001), SBP —21.63 mmHg —17.6 mmHg (t =-6.51, df =39, p<0.001), DBP — 11.86 mmHg (t =-5.47, df=39,
p<0.001) and BFP —9.14 (t =-7.49, df =39, p < 0.001). There was a significant difference in mean BMI reduction when
diet, gender, and age were controlled in a one-way ANCOVA (F (3,33)=11.79, p<0.001), SBP (F (3, 33)=13.383,
p<0.001), DBP (F (3,33)=7.830, p<0.001), FBG (F (3, 33)=6.337, p<0.001), BFP (F (3, 33)=24.29, p < 0.001) between
the exercise intervention groups and control group. Additionally, the estimated marginal means indicate that the
combined strength and aerobic exercise intervention group experienced the greatest improvements.

Conclusion Body composition, blood pressure, and fasting blood glucose were significantly lower in the combined

(aerobic plus strength) treatment than in the individual treatment, indicating that the combined exercise intervention
was more successful in altering these parameters.
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Introduction

Diabetes mellitus (DM) is a group of metabolic disor-
der characterized by an elevated blood glucose level as
a result of limitation in insulin secretion or an inabil-
ity to use insulin [1]. Around 382 million adults world-
wide suffer from diabetes mellitus, which is expected to
reach 439 million by 2030 [2, 3] and 85-95% of diabetes
cases worldwide are T2DM [3]. T2DM, with an increas-
ing rate of prevalence in recent decades [4], has caused
many health and socioeconomic problems throughout
the world. Due to its various consequences and dis-
abilities, T2DM has been known as a disabling disease,
as well. Therefore, strategies for reducing the healthcare
costs associated with the disease should be emphasized
[5]. According to the Centers for Disease Control and
Prevention, 9.3% of the U.S. population have diabetes
[6]. The growing number of non-communicable diseases
(NCDs) like diabetes is currently a problem in Ethiopia
[7]. In Ethiopia, as per the public WHO study of 2015,
the commonness of diabetes mellitus was 3.2% [7]. A sys-
tematic review on the prevalence of T2DM in Ethiopia
also found that 2—-6.5% [8].

One of the main risk factors for T2DM and its compli-
cations is a sedentary lifestyle [9]. As an important non-
pharmacological treatment option for T2DM, physical
activity has been suggested [10]. Physical activity (PA) is
an important treatment for any type of diabetes and may
help prevent diabetes-related health complications, insu-
lin resistance, and T2DM [11]. Currently, many people
are aware that T2DM is caused by a sedentary lifestyle
[12, 13]. One of the components of wellness that is effec-
tive in treating and preventing T2DM is daily exercise
or physical activity [14]. Improved blood glucose levels,
increased insulin sensitivity, prevention or delay of type 2
diabetes development, and decreased glucose concentra-
tion are all benefits of T2DM patients engaging in regular
exercise [15, 16].

Preventative medicine calls for lifestyle changes such
as regular exercise to reduce the risk of developing these
diseases [17]. Exercise can improve glycemic control and
blood lipid profiles in people with and without type 2 dia-
betes [18, 19]. Thus, incorporating sustainable exercise
modalities that improve cardio-metabolic risk factors can
improve health outcomes. The impact of aerobic training
(AT) on health outcomes is well researched [20]. Aero-
bic exercise refers to activities such as walking or jogging
with continuous, repetitive movement of large muscle
groups for at least 10 min at a time. Aerobic exercise may
modify the insulin action of each fiber without increas-
ing fiber size [21]. Aerobic exercise is known to manage
glycemic control and cardiovascular risk factors. It has
also beneficial effects for metabolic profile in patients
with T2DM [22]. Aerobic (endurance) exercise increases
skeletal muscle capitalization and blood flow, muscular
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GLUT4 levels, hexokinase, and glycogen synthase activi-
ties [23]. The American Diabetes Association (ADA)
recommends at least 150 min per week of moderate-
intensity aerobic physical activity or at least 90 min per
week of vigorous aerobic exercise spread out over at least
three days per week and no more than two days without
physical activity [24]. Resistance training as been shown
to induce a hypertrophic response and a muscle fiber
type shift in exercising muscles, which causes an increase
in whole-body glucose utilization [25]. Resistance train-
ing improves muscular strength and endurance, enhances
flexibility and body composition, and decreases the risk
of cardiovascular disease [26]. Possible underlying mech-
anisms for resistance (strength) training’s positive effects
include an increase in the number of glucose transporter
(GLUT) proteins, increased total muscle mass, and an
increase in the number of insulin receptors in muscle
cells [23]. In contrast to aerobic exercise, the ADA only
began recommending resistance exercise in 2006. In the
absence of contraindications, diabetic patients should be
encouraged to practice resistance training three times
per week, targeting all main muscle groups, progressing
to three sets of eight to ten repetitions at a weight that
cannot be raised more than eight to ten times. [24]. Resis-
tance training (RT) has gained popularity for its impact
on improving body composition and muscular strength
and, more recently, for its role in health and disease [27].
These benefits include improved glycemic control, blood
lipid profiles, and bone mineral density in healthy popu-
lations [27].

Current national and international guidelines recom-
mend aerobic and resistance exercise training for T2DM
patients [28, 29]. A combination of aerobic and resistance
exercise (combined exercise) has been recommended by
the European Society of Cardiology [28], American Col-
lege of Sports Medicine [30], and Exercise and Sports
Science Australia [31]. Research has supported the com-
bined benefits of AT and RT to improve glycemic control
and cardio-metabolic health in T2DM patients [32].

Thus, multiple exercise training modalities have been
recommended by different international organizations.
However, it is difficult to determine the superiority of dif-
ferent physical activities for T2DM [33]. Research com-
paring the effect of resistance and aerobic training on
T2DM and its risk factors is limited and few studies have
compared aerobic, resistance and a combination of this
training, more research is needed to better understand
the effect of different exercise modalities [34]. Therefore,
the present study aimed to compare the effectiveness of
different modes of exercise (aerobic, resistance training
as well as combined exercise versus a control group) in
the improvement of blood glucose, blood pressure, and
body composition for patients with T2DM.
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Methods and materials
Research setting and design
Participants were physically inactive, aged 18 and above
years with type 2 diabetes mellitus, recruited from
patients registered in the outpatient department of
Debremarkos referral hospital (Debre Markos, Ethiopia).
Type 2 diabetic patients (n=40) were enrolled from the
Diabetic Outpatient unit of Debremarkos referral hos-
pital. Inclusion criteria were: (a) BMI>25.0 kgm-2 (b)
pre-diabetic or diabetic type 2 patients (fasting blood
glucose>126 mg/dl-1) [35] (c) volunteer to participate
and (d) patients were physically inactive (not achiev-
ing 30-60 min per day or 150 min per week of moder-
ate intensity exercise or 20—60 min per day (75 min per
week) of vigorous intensity exercise [35] and cleared a
medical history form (the physical activity readiness
questionnaire). Exclusion criteria were: (a) any cardio-
vascular, respiratory, or muscle-skeletal disorders pre-
cluding physical exercise, (b) uncontrolled hyperglycemia
(>250 mg/dl) and hypertension (Resting BP>200/115),
(c) active infection (d) acute myocardial infarction,
stroke, trauma, or surgery and severe liver dysfunction.
All experimental procedures, risks, and protocols
were fully explained to subjects before they gave their
informed consent in accordance with American Col-
lege of Sports Medicine guidelines [35]. Additionally, all
procedures in studies involving human participants were
carried out in accordance with Debremarkos University’s
department of sports science research ethics committee
(approval number:SPSC03/2021).The research design of
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this study was reflective of a “classic design for exploring
the effect of intervention training’, the pretest-posttest
randomized four group parallel experimental design [36].

The source population of this trial pilot study was all
patients with T2DM who met the inclusion criteria. Two
weeks prior to the study period, patients with T2DM
who visited the hospital were recruited. According to
the hospital’s general outpatient medical record, six to
eight patients with T2DM visited the facility each day. If
we use the lower limit, which covers five days per week,
this equates to approximately 30 patients per week. How-
ever, 59 patients with T2DM (totally 1 subject was less
than the expected 60 subjects) were considered the target
population; two weeks prior to the study period, but 19 of
them were not fulfilling inclusion criteria. The remaining
40 patients with T2DM were randomly assigned to one
of four groups using a random numbered table: aerobic
training group (ATG: n=10), resistance training group
(RTG: n=10), combined training group (resistance plus
aerobic; CTG: n=10) and control group (CG: n=10),
(Fig. 1). We used a simple stratified randomization
method because stratification is used to ensure a good
balance of participant characteristics in each group (gen-
der). Mechanism used to implement the random alloca-
tion sequence was a random numbered table by staffs
who were not assessors of the outcome. Baseline charac-
teristics may not be well matched between study groups
without stratification. Additionally, the study group to
which trial participants had already been assigned was
unknown. The pre-test (baseline) data were gathered

Participants were assessed for eligibility (N = 59)

Participants were eligible for]
study (N=40) and randomly Participants excluded
allocated into four groups (n=19):
| Not volunteer to
= L . articipate (n =5
Aerobic IG Resistance IG] |Combined IG Control group| pMuscfe-sk(ele tal)
(0 =10) (=10 (n=10) (€CGn=10 disorders (n =4)
Uncontrolled
hyperglycemia(>250
mg/dl) (n =6)
Droped out (n = | [ Droped out (n = || Droped out (n Droped out (n=0
0) 0) =0)
Analyzed (n Analyzed (n= Analyzed (n=
Analyzed (n= 10 ") ( 10 10)

Fig. 1 Participant flow chart
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prior to the intervention—also known as the baseline
or pre-intervention data—while the post-test data were
gathered following the 12-week intervention. The data
were collected in Debremarkos referral hospital and
department of sports science gymnasium. We measured
blood glucose as the primary outcome and body compo-
sition and blood pressure as secondary outcomes. The
periods of follow-up (intervention) was from 31 to 2021
to 31 October 2021.

Measurement of study variables

Fasting blood sugar level (FBS) test

Blood glucose level at rest: The Accucheck glucometer
was used to measure the subjects’ fasting blood glucose
levels before and after 12 weeks of exercise training under
the supervision of a medical laboratory expert. A trained
medical laboratory technician took the blood sample
after an overnight fast, transported it to a standard ter-
tiary care laboratory, and then sent it to the Debremarkos
referral hospital for analysis. The study’s laboratory tech-
nicians were blinded before and after the intervention.

Blood pressure

Blood pressure was measured with an automated Sphyg-
macor XCEL. The participant was seated with straight
legs and a brachial pressure cuff over their left arm’s bra-
chial artery. The device measured the brachial systolic
and diastolic blood pressure three times, with a two-min-
ute rest in between each measurement. The Sphygma-
Cor XCEL reported the average of the last two readings
instead of the initial reading.

Body composition

The body mass index was calculated by dividing the
height in meters squared by the body weight in kilo-
grams using a standard stadiometer (Height & Weight
Scale ZT-160 — NSL). Skinfold determination of per-
cent body fat can be quite accurate when performed by
a properly trained technician with a skinfold caliper
(LeTkingok: High Precision Sebum Thickness Meter
Skin Fold Caliper). It is estimated that the proportion
of subcutaneous to total fat varies with gender and age
[37, 38]. For this study, we used the Jackson-Pollock
3-Site Skinfold formula for Body Density J-P 3-Site [39]
based on the specific recommendations of [37, 38].
Thus, with sex specific body site for body fat measure-
ment of women was three site on triceps, suprailiac and
abdominal with three-site formula (triceps, suprail-
iac, abdominal): Body Density=1.089733-0.0009245
(sum of three skinfolds)+0.0000025 (sum of three
skinfolds)? —0.0000979 (age), on the other hand for
men the three- site on chest, triceps and subscapu-
lar with three-site formula (chest, triceps, subscapu-
lar): Body Density=1.1125025—-0.0013125 (sum of
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three skinfolds)+0.0000055 (sum of three skinfolds)?
—0.000244 (age). According to Siri Equation [39], the per-
cent of body fat can be determined using Body Density
(BD), as: Siri Equation % Body Fat=495/BD — 450.

Covariate Variable

A covariate is not part of the main research question
but could influence the dependent variable and there-
fore needs to be controlled for. Instruments for measur-
ing food frequency [40] were used. Three-day dietary
records—2 weekdays and 1 weekend day— were taken
per week in a 3-month follow-up (3 exercise groups)
with control group and were analyzed using the mean of
three-day dietary records through one way ANCOVA to
control the influence.

Exercise intervention protocol

During the 12-week training period, all study partici-
pants, with the exception of the non-exercise control
group, exercised for 60 min, which included 10-15 min
of warming up and dynamic stretching, 10-15 min of
cooling down and static stretching [41], and 30-40 min
main workout. All training sessions were overseen by
health fitness professionals and exercise physiologists.
The exercise regimens developed by the American Col-
lege of Sports Medicine [42, 43] served as the foundation.
The exercise interventions groups (IG) were aerobic IG,
resistance IG, and combined IG were used in this study.
The total time spent on each session was used to equal-
ize the exercise protocols. The aerobic exercise-only
group performed aerobic dance at an initial heart rate of
40% heart rate reserve (HRR) and gradually increased to
approximately 70% HRR as the intervention progressed
[35]. The heart rate monitor that was worn by the par-
ticipants throughout each exercise session recorded
their maximum heart rate, which could be exercised at
an intensity that did not exceed 80% of their maximum
heart rate. The heart rate monitor that we used was the
Polar H7 heart rate monitor (Polar Electro, Kempele,
Finland), which contains a single flexible plastic sensor
(2.4%27.9 cm), worn concurrently and placed on the ster-
num. The Polar H7 heart rate receiver has a sample rate
of 1000 Hz and has high agreement with ECG measure-
ments during various exercise modalities [44].Calcula-
tion of the maximum heart rate was based on Gellish et
al., [45]. Due to the wide age range of participants in an
adult fitness program, this formula is recommended for
both men and women.

The only resistance group that includes: standing plan-
tar flexion, triceps pulley, neutral rowing, squatting,
dumbbell supine, knee extension with ankle weights,
dumbbell development, dumbbell curl and trunk flexion
and vertical bench press [46]. The circuit type of resis-
tance training (RT) was used with intervals of 15-20 s
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between exercises, with 3 sets of 10 repetitions with a
rest of 1-2 min between sets. Due to the patients’ lack
of physical fitness and motor coordination, the loads
were determined by their perceived exertion using the
scale of 6 to 20 proposed by Borg in 1982 [47]. The values
used were 11 to 13, which represented a moderate effort.
The load was then increased with the goal of maintain-
ing constant value of perceived exertion. The combined
group participated in 30 min of resistance training and
30 min of aerobic exercise at the same intensity, progres-
sion, and method in each session. The only difference
for aerobic exercise was that it was cut down to 30 min
rather than 60. With the exception of the neutral rowing,
dumbbell supine, dumbbell development and standing
plantar flexion, these participants performed their resis-
tance training with the same intensity and protocol as
the afore-mentioned individual groups, reducing it to six
exercises instead of ten and two sets instead of three. All
participants were asked not to do any moderate or vigor-
ous physical activity outside of the intervention. During
the first week of the intervention and after the 12th week,
a three-day food diary was obtained.

Regarding to control methods for menstrual cycle of
pre-menopausal women between testing periods, we
used the calendar-based counting method combined
with individualized training (for the first three days) was
a control method for menstrual cycle of pre-menopausal
women during the exercise intervention period. During
menstrual cycle, it can be difficult to follow an exercise
routine because progesterone and estrogen are at their
lowest, which can result in feeling less energy and moti-
vation. With stamina and endurance levels diminished,
may not feel up to fast-paced, cardio activities or work-
outs that rely on lifting heavy weights [48]. However, that
does not mean that exercising is not advised during this
time. Consider low intensity cardio, and with light weight
strength training. Even walking for their period can be
beneficial. But need to exclude schedule of a harder time
exercising during hot and humid weather [49, 50].

Statistical analysis

Shapiro-Wilk test was employed to assess the normality
of the distributions for all variables that were observed.
The Shiapro-Wilk test is a test of normality that assesses
whether a sample is likely to originate from a normal dis-
tribution [51]. Data analyses were carried out using the
analyses performed using SPSS Statistics for Windows
(version 24.0; SPSS Inc., Chicago, IL, USA). Descrip-
tive statistics, such as mean and standard deviations and
inferential statistics: the Paired sample T-test was used
to describe the pre and post-tests of study variables and
one way, ANCOVA, was employed to identify the poten-
tial intervention exercise group by comparing means
between groups and to control covariate variables of diet,
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gender and age. Subsequently, when the ANOVA results
were significantly different, we used Bonferroni’s correc-
tion as a multiple comparison test. All statistical levels of
significance were to be set at the “p” value<0.05.

Results

Characteristics of subjects

This study included forty participants (29 male, 11
women), all of whom completed the exercise program.
The gender distribution across four groups was almost
equal; male 70% and women 30% in Aerobic IG, Resis-
tance IG and Combined IG but 80% men and 20% women
for control group. It was observed that the participants
were challenged to finish a workout session without
resting for a few minutes at the beginning of the inter-
vention. However, most participants were able to finish
the exercise intervention after the sixth week. The study
variables did not differ significantly prior to the interven-
tion, as shown in Table 1. Additionally, normality test of
data (Shapiro-Wilk Test) across four groups revealed that
the data was normally distributed (Table 1). Mean of age
in strength IG (42.30), aerobic IG (41.10), combined IG
(42.6) and control group (43.80). Mean of fasting blood
glucose level in strength 1G (154.6), aerobic IG (151.3),
combined IG (154.4) and control group (150.1). Mean
of body fat percentage in strength IG (39.22), aerobic IG
(39.8), combined IG (39) and control group (39), all had
the same mean percentage of body fat. In this instance, it
appears that the randomization of the samples into four
groups has no significant effect on the intervention and
the data was normally distributed.

Paired t-test was used to compare intragroup changes
in BMI, FBG, and %BF (Figs. 2, 3 and 4). The results of
paired t-test showed that there was a statically significant
(p<0.005) difference between the pre-test and posttest
of study parameters in all intervention groups but there
is no significance difference in control group (Figs. 2, 3
and 4). Additionally, the paired t-test showed signifi-
cance differences between pre-test and posttest in SBP t
(9) = -3.659, MD = -16.1mmHg, p<0.005 and DBP t (9) =
-10.06, MD = -11.9 mmHg, p<0.005 for strength group;
SBP t (9) = -6.478, MD = -33.3mmHg, p<0.001 and DBP
t (9) = -4.945, MD = -22.73, p<0.005 for combined group
and SBP t (9) = -5.01, MD = -20.5, p<0.005 and DBP t
(9) =-2.99, MD = -12.8mmHg, p<0.05 for aerobic group.
Generally, there was a statistically significant difference
between the pretest and post-test of all measured vari-
ables in all three distinct intervention training protocols
at (p<0.005).

The primary objective of this article is to determine
the most effective intervention modalities to enhance the
study variables. An ANCOVA with Post hoc test was used
to determine which training intervention had the great-
est impact. There were significant differences of three
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Table 1 Baseline data and normality test
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Variables Type of Mean (SD) Normality Test
groups (Shapiro-Wilk Test)
Statistics  P-value
Age, Years Aerobic IG 41.10(7.218) 0.964 0.829
Resistance IG 4230(45) 0948 0.647
Combined IG 4260 (7.199) 0.837 0.041
Control Group ~ 43.80 (5.86) 0.853 0.063
BMI, kg/m2 Aerobic IG 2845 (3.67) 0.908 0.267
Resistance IG 30.01 (3.3) 0.901 0.225
Combined IG 29.26 (2.94) 0.932 0469
Control Group ~ 27.32(3.44) 0.933 0470
FBG Aerobic IG 1513 (16.1) 0.830 0.034
Resistance IG 154.6 (11.33) 0.907 0.264
CombinedIG 1544 (15.33) 0.886 0.152
Control Group  150.1(9.52) 0.887 0.153
SBP. mmHg Aerobic IG W53.7(W9.14) 0.822 0.027
Resistance IG 9(7.65) 0971 0.898
Combined IG 154.1(16.45) 0.883 0.143
Control Group  150.3 (12.27) 0.883 0.143
DBPmmHg Aerobic IG 99.1 (8478) 0.843 0.049
Resistance IG 100.6 (14.58) 0.932 0.465
CombinedIG  103.2(12.78) 0.980 0.966
Control Group  103.2 (12.78) 0.980 0.966
BFP, % Aerobic IG 39.8(4.54) 0.890 0.171
Resistance IG 39.22 (5.58) 0.888 0.161
Combined IG 39 (3.09) 0.908 0.267
Control Group 39 (3.09) 0.908 0.267
Diet, calorie Aerobic IG 26434 0.877 0.121
(102.15)
Resistance IG  2655.8 (97.4) 0.827 0.031
Combined IG  2636.2 0912 0.298
(93.06)
Control Group  2666.5 0912 0.298
(144.612)

Data presented as mean (SD) for continuous variables and number and
percentage for gender

Note: IGs=Intervention groups, BMI=Body mass index, FBS, Fasting blood
glucose, SBP=Systolic blood pressure, DBP=Diastolic blood pressure,
BFP=Body fat percentage

Strength group
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MD =-6.79, p< 0.001
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types of intervention training comparing with control
group for FBG (F=8.08, df=3, p<0.001), SBP ( F=15.24,
df=3, p<0.001), DBP (F=10.68, df=3, p<0.001), BMI (
F=12.32, df=3 and p<0.001), and BFP (F=29.11, df=3,
p<0.001).

In addition, multiple group pairwise comparisons of
the post hoc test of FBG, SBP, DBP, BMI, and BFP mean
differences between the three interventions and a control
groups are displayed in Table 2. All three intervention
training groups have shown a reduction in blood pres-
sure, blood glucose and body composition, however, the
most effective intervention training was combined resis-
tance plus aerobic training. The combined IG vs. con-
trol group showed significant differences (p<0.05) with
reductions in BMI (-4.32), FBG (-16.5mmHg), SBP (-24.9
mmHg), DBP (-22.73mmHg), BFP (-13.3%). Generally,
combined training more significantly reduced BMI, FBG,
SBP, DBP and BFP compared to the control group. How-
ever, diet has not significant difference across interven-
tion groups.

A one-way ANCOVA was used to control for diet,
gender, and age to compare the effects of three exer-
cise interventions on BMI, FBG, SBP, DBP and BFP. The
assumptions were met, and Levene’s test and normality
checks were carried out. The mean reduction in BMI
was significantly different [F (3, 33)=11.79, p<0.001],
SBP [F (3, 33)=13.383, p<0.001], DBP [F (3, 33)=7.830,
p<0.001], FBG [F (3, 33)=6.337, p<0.001], BFP [F (3,
33)=24.29, p<0.001] between the exercise intervention
groups.

According to Cohen et al., [52], for eta squared, thresh-
old values are interpreted as small (0.01), medium (0.06),
and large effects (0.14). It can be seen that for the inter-
vention group effect size of BMI (0.52), FBG (0.38), SBP
(0.55), DBP (0.42) and BFP (0.69). Those values are also
used to describe how much of the variance in the depen-
dent variable is explained by the independent variable.

Combined group
MD = -9, p <0.001

Control group
MD = -1.35, p < 0.001
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Fig. 4 Paired sample t-test of percent body fat in aerobic, strength, combined and control group. Key: Figures 2, 3 and 4 have presented changes of BMI,
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MD: mean difference, R% effect size (eta squared)

Ideally partial Eta Squared value of BMI, FBG, SBP, DBP,
and BFP revealed that large effect (Table S1).

Discussion

The purpose of this study was to compare the effects of
a 12-week exercise program (aerobic exercise interven-
tion group, strength exercise group, and combined aer-
obic and resistance exercise group on the fasting blood
glucose level, body fat percentage, and blood pressure
among patients with type 2 diabetes. We found that,
patients with type 2 diabetes’ fasting blood glucose level,
body fat percentage, and blood pressure decreased in the
three intervention groups. From aerobic and strength
exercise alone, the most promising exercise intervention
was combined strength and aerobic exercise. Accord-
ing to current national and international physical activ-
ity guidelines, combined aerobic and resistance exercise
training was recommended for patients with T2DM
[53-56]. Our findings give support for this recommen-
dation, as both resistance and aerobic training have a
positive therapeutic effect in the treatment and control of

T2DM. However, the combination of both types of train-
ing seems to have a greater impact on glycaemic control
than both types of exercise alone [29, 31, 57]. Kang and
Baek [58] found that the 12 weeks combined aerobic and
resistance training programme reduced significantly fast-
ing blood glucose among patients with T2DM.

Other studies that are similar to the current study
found that combined training (aerobic training plus
strength training) caused a decrease in fat levels around
abdominal area [59], and using combined aerobic plus
strength exercise was the most effective training program
for fat burning [60]. Additionally, aerobic training helps
to lower body fat and strength training used to increase
fat-free body mass or preserved existing body mass [61].
In line with this our study also have shown that aerobic
exercise intervention can more reduce body fat percent-
age, blood pressure and fasting blood glucose among
type 2 diabetes patient than strength intervention exer-
cise alone.

Weight problems may lead to insulin resistance, which
is a risk factor to the pathophysiological mechanism
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Table 2 One way ANOVA multiple group comparison of FBG, BFP, SBP, DBP and BMI among type 2 patients

Variables Intervention MD SE P-value 95 % Confidence
Groups Interval of the

Difference

(1) Type of (J) Type of (1-)) Lower Upper
groups groups

BMI Aerobic IG Control Group -4.32% 1.00 002 -7.25 -1.39
Resistance IG -2.38 1.00 149 -5.31 .55
Combined IG -5.72%% 1.00 .000 -8.65 -2.79
Combined IG Resistance IG -3.34% 1.00 020 -6.27 —-41

FBG Aerobic IG Control Group -16.5% 441 007 -29.42 -3.58
Resistance IG -13.20% 441 044 -26.12 -.28
Combined IG -204* 441 001 -33.32 -748

SBP Aerobic IG Control Group -16.6* 431 006 -29.24 -3.96
Resistance IG -14.00* 431 025 -20.64 -1.36
Combined IG -24.9%* 431 .000 -41.64 -16.36
CTG RTG -15.00* 431 014 -27.64 -2.36

DBP Aerobic IG Control Group -16.9% 4.18 003 -29.15 -4.64
Resistance IG -14.5% 4.18 015 -26.76 -2.24
Combined IG -22.73% 4.18 .000 -34.99 -1047

BFP Aerobic IG Control Group -14.5% 1.73 000 -19.58 -9.42
Resistance IG -7.74% 1.73 001 -12.82 -2.65
Combined IG -13.3% 1.73 .000 -18.38 -8.22
Aerobic IG RTG -6.77* 1.73 .005 -11.84 -1.68
Combined IG -5.57% 1.73 027 -10.65 — .48

Diet Aerobic IG Control Group -71.5 51.7 596 -223.16 80.17
Resistance IG -47.6 51.7 838 -199.26 104.07
Combined IG -67.00 517 645 -218.67 84.67

Key: *: significant at p<0.05, **: significant at p<0.01

Furthermore, examination of the estimated marginal means reveals that, in comparison to the control group, the combined strength and aerobic exercise

intervention group has shown more improvements (Table 3)

of T2DM. In terms of therapy for Type 2 diabetes, it is
viewed integral to enhance insulin resistance and main-
tain the target level of blood glucose control in addition
to weight loss [62]. In the current study, the exercise pro-
gram was found to significantly decrease, blood glucose
level, systolic and diastolic blood pressure and body fat
percentage. These findings are consistent with those of
the previous studies revealing that exercise in patients
with Type 2 diabetes was effective in improving blood
glucose control and insulin resistance by promoting the
intake and use of blood glucose in the skeletal muscle
[63-65].

Therefore, aerobic and resistance workouts are effective
in enhancing insulin resistance and lowering blood glu-
cose level in patients with T2DM. In line with our results,
Latif et al., [66] found that combination exercises (aero-
bic plus strength exercise) give a better result in lowering
blood glucose level. In the future, combined (aerobic plus
strength) exercises can be used as a procedure for regu-
lating and preventing glucose levels in type 2 diabetes
mellitus. To support the current result, different research
findings also show that selecting one modality or the
other may be less important than engaging in any form

of physical activity [67]. There are some evidences that a
combination of aerobic plus resistance training improves
blood glucose control more than either modality alone
[68-70].

Patients with T2DM have an excessive threat of athero-
sclerotic cardiovascular disease, it is important to prevent
cardiovascular complications through the management
of hypertension, dyslipidemia, and C-reactive proteins
(an inflammatory marker) [71]. Exercise has been shown
to significantly reduce the risk factors for cardiovascular
diseases in patients with T2DM [72]. Combining aero-
bic and resistance exercise training may reduce blood
pressure more effectively than either aerobic exercise
or strength training alone [73]. According to Pires et al.,
[74], the main findings of the study revealed that an acute
session of aerobic, resistance, and combined exercises
training significantly decreased blood pressure (systolic
and diastolic blood pressure). Notably, longer reductions
in systolic and diastolic BPs were observed after com-
bined exercise intervention. The three modes of exercise
intervention (combined, aerobic and strength exercise
intervention) consistently differed in their effects on
body composition (body fat percentage and BMI), blood
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Table 3 Estimated marginal means by controlling diet, gender

and age
Dependent Type of IG Estimates  95% Confi-
Variables dence Interval
Mean SE Lower Upper
Bound Bound
BMI Strength IG 2356 071 2213 2499
aerobic IG 2153 072 20.08 22.99
Combined IG 2026 071 1882 217
CG 2611 074 2461 2761
FBG Strength IG 1389 325 13229 14550
aerobic IG 13575 33 12903 14246
CombinedIG 13182 327 12517 13847
CG 15184 34 14492 15876
SBP Strength IG 13577 314 12937 14216
aerobic IG 13286 3.19 12636 13936
Combined IG 12083 3.16 11439 127.27
CG 150.14 329 14344 15684
DBP Strength IG 8886 297 82812 9491
aerobic IG 8716 302 8101 9331
Combined IG 80.87 299 7478 86.95
CG 101.79 312 9545 108.13
BFP Strength IG 3124 127 2869 3383
aerobic IG 2443 129 2188 27.05
Combined IG 2571 128 2311 2831
CG 3909 133 3638 41.79

pressure (SBP and DBP) and fasting blood glucose among
patients with T2DM.

Multiple exercise training modalities have been recom-
mended, however, it is difficult to determine the supe-
riority of different physical activities for T2DM [33].
Research findings comparing the effect of resistance or
aerobic training alone on T2DM and its risk factors but
limited studies have compared aerobic, resistance and
a combination of this training [34]. The significance of
our trial is determined the superiority of different physi-
cal activities for T2DM (aerobic, resistance and com-
bined exercise). Here, we found that combined aerobic
plus resistance exercise was the superiority of aerobic,
resistance alone in enhancing blood glucose level, body
composition and blood pressure control for patients with
T2DM.

Strength and limitation of this study: the randomiza-
tion, which ensured that participants were comparable
in major study variables at baseline, orientation sessions
to minimize potential dropout, which resulted in high
attendance are strengths of this study. In addition, in con-
trast to previous studies [75], all exercise sessions were
conducted for the same amount of time, and objective
verification of the amount and intensity of exercise per-
formed was carried out. The possibility of over- or under-
reporting was eliminated by the objective measurement
of all parameters in this study. In addition, physically
inactive patients with T2DM who agreed to take part in

(2023) 15:153
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this study found the exercise instructions to be well tol-
erated and the participants were both men and women.
There are some limitations to this study. One limitation
stems from the fact that the findings cannot be applied
to other general populations. Our findings are based on a
small sample size, and diet intervention was not consid-
ered. Future research should consider those limitations.

Conclusion

The current study findings support the undeniable ben-
efits of regular exercise in patients with T2DM. Gener-
ally, aerobic exercise and resistance training alone have
positive effects in the prevention or management of
blood glucose control and cardiovascular risk factors
(blood pressure). Moreover, these effects may be addi-
tive in the combination of aerobic plus strength exercise
training. Body composition (BMI and body fat percent-
age), blood pressure (SBP and DBP) and fasting blood
glucose significantly decreased in combined (aerobic plus
strength) or alone, suggesting that combined (aerobic
plus strength) exercise intervention was more effective
in changing these measures. Therefore combined aerobic
plus resistance exercise was found to be the most effec-
tive in enhancing blood glucose level, body composition
and blood pressure control for patients with T2DM.
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