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Research Paper
The Effects of Two Different Intensities of Concurrent 
Training on Pulmonary Function in Female Patients 
With Type II Diabetes 

Purpose: Type 2 diabetes is associated with reduced lung function. The purpose of this study 
was to investigate the effects of two different intensities of concurrent training on pulmonary 
function in female patients with type II diabetes. 

Methods: 24 women with type 2 diabetes were recruited as volunteers and randomly assigned 
to one of three following groups: High intensity (A), moderate intensity (B), and a control group 
(C). The training program included 12 weeks of concurrent exercise training (resistance and 
aerobic) at high intensity (resistance at 75-85% of 1-RM and aerobic at 70-85% of maximum 
heart rate) and moderate intensity (resistance at 50-75% of 1-RM and aerobic at 70-50% of 
maximum heart rate). The training was held in three nonconsecutive sessions per week, lasting 
55-70 minutes each. Before and after the 12 weeks of training, blood samples, spirometric tests, 
respiratory muscle strength assessments, and upper body strength measurements were taken 
from all subjects.

Results: The results from the pre- and post-tests in subjects showed a significant interaction effect 
(P<0.05) on FEF25, FEF50, FEF2575, FEV1/FVC, HbA1C, and % fat. For other parameters, 
there was no significant interaction effect.

Conclusion: The results indicated that only respiratory and physiological parameters improved 
as a result of concurrent exercises with different intensities, and both types of exercise programs 
can be beneficial for some indicators in female patients with type 2 diabetes. 
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Introduction

iabetes mellitus is a metabolic disorder 
that causes a lack of insulin production, a 
deficiency in its action, or both, resulting 
in hyperglycemia with impaired carbohy-
drate, lipid, and protein metabolism. The 

disease is chronic, serious, and progressive, with multiple 
damages to various organs. Major and long-term compli-
cations of diabetes include cardiovascular disease, dia-
betic nephropathy, diabetic retinopathy, and damage to 
other organs, such as the lungs. All of these result from 
macrovascular and microvascular damage [1]. 

The association between decreased lung function and 
diabetes has been described for many years, although the 
clinical significance of this association is unknown [2, 
3]. Potential links between respiratory disorders and dia-
betes may be attributed to factors, such as elevated body 
mass index, reduced respiratory efficiency, neuropathy, 
weakened respiratory muscle strength, and other con-
tributing variables [2]. Additionally, biochemical abnor-
malities, including inadequate glucose regulation, play a 
critical role in elevating the risk of pulmonary compli-
cations and related health conditions in individuals with 
diabetes [4, 5]. 

Pathological studies have shown that the causes of 
pulmonary dysfunction in patients with diabetes are the 
major changes in lung tissues, such as changes in the 
thickness of the alveolar wall, the thickness of the alveo-
lar capillaries, and the lining thickness of the arterioles. 

Researchers have identified the main causes of these re-
spiratory disorders as hyperglycemia and glycosylation 
of the chest wall muscles [6]. Some other studies have 
shown that increased respiratory infections, inflamma-
tion, and oxidative stress induced by diabetes reduce re-
spiratory muscle function and limit pulmonary function 
[7-9]. The Women’s cardiovascular health research cen-
ter of Britannia showed that insulin resistance and dia-
betes are associated with reductions in forced expiratory 
volume in one second (FEV1) and forced vital capacity 
(FVC) [10]. 

Various studies have suggested that physical activities 
can be effective in the prevention, control, and treatment 
of diabetes. Regular moderate exercise is effective in 
preventing and delaying the onset of diabetes mellitus 
(DM), increases insulin sensitivity, and improves glu-
cose metabolism [11, 12]. Moreover, exercise training 
has been considered a therapeutic intervention in the 
pulmonary rehabilitation program of patients with pul-
monary dysfunction [13, 14]. However, the type, sever-
ity, and duration of these exercises need further investi-
gation. The American College of Sports Medicine and 
the American Diabetes Association have confirmed that 
rehabilitation programs for patients with diabetes should 
combine aerobic and resistance exercises to maximize 
the beneficial effects of both types of exercise [15]. 

Combining aerobic exercise with resistance training 
offers greater benefits than either modality alone in re-
ducing inflammatory markers, regulating blood sugar 
and insulin function, and improving cardiovascular dis-

D

Highlights 

● Physical training can be effective in the prevention, control, and treatment of diabetes and related diseases.

● Physical training can improve fat percentage, glycosylated hemoglobin indices, and some pulmonary function in 
women with type II diabetes. 

● Exercise training for 12 weeks had no significant effect on most measured respiratory and physiological parameters, 
and it seems that low-intensity and moderate-intensity exercise training may be more effective.

Plain Language Summary 

Diabetes mellitus is a metabolic disorder that causes a lack of insulin production, a deficiency in its action, or both. 
The purpose of this study was to investigate the effect of a concurrent training program (aerobic and resistance) with 
two different intensities on pulmonary function in female patients with type 2 diabetes. The results showed a significant 
interaction effect on FEF25, FEF50, FEF2575, FEV1/FVC, HbA1C, and % fat. For other parameters, there was no 
significant interaction effect. In general, both types of exercise training programs could be useful for female patients 
with type 2 diabetes.
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ease risk factors [16-19]. Despite extensive research on 
cardiovascular complications and diabetic nephropathy, 
retinopathy, and neuropathy, reduced pulmonary func-
tion in diabetic patients has received comparatively 
less attention. Additionally, studies investigating the ef-
fects of concurrent exercises on pulmonary function are 
relatively scarce. For instance, Tunkamnerdthai et al. 
demonstrated that an 8-week push-up exercise program 
(three sessions per week) improved FEV1, FVC, and 
maximal voluntary ventilation (MVV) while reducing 
HbA1c levels, although the FEV1/FVC ratio remained 
unchanged [20]. Similarly, Osho et al. examined the ef-
fects of a 12-week aerobic-strength training program 
(with and without weights) on the pulmonary function of 
60 patients with type 2 diabetes aged 40–75 years. Their 
findings revealed significant improvements in VO2 
max, FEV1, and HbA1c levels, with FVC and FEV1 in-
dices showing greater enhancement in concurrent train-
ing with weights compared to training without weights 
or the control group [21]. 

Kim et al. stated that exercise training intensity is one 
of the factors that affect the strength and resistance of re-
spiratory muscles and pulmonary function [22]. Concur-
rent exercise programs can enhance respiratory muscle 
strength and endurance, combining aerobic and resis-
tance training components. Aerobic exercises, such as 
cycling or walking improve oxygen exchange efficiency 
and lung capacity, while resistance training strengthens 
the muscles involved in breathing—beneficial for indi-
viduals with type 2 diabetes who may experience respi-
ratory muscle weakness due to the disease or a sedentary 
lifestyle [23]. Additionally, regular exercise has been 
shown to improve glycemic control, reflected in lower 
HbA1c levels. Concurrent exercise programs are par-
ticularly effective as they combine the immediate blood 
sugar-lowering effects of aerobic exercise with the lon-
ger-term benefits of resistance training on insulin sen-
sitivity [24]. However, the optimal intensity, frequency, 
and duration of such programs for individuals with type 
2 diabetes remain under investigation. Tailoring these 
programs to an individual’s fitness level, comorbidities, 
and medication regimen is critical for safety and effec-
tiveness. Further research is warranted to fully elucidate 
the effects of concurrent exercise programs on respira-
tory muscle function, body composition, glycemic con-
trol, and overall physical condition in this population. 
Such studies should also address unique considerations 
for this group, including hypoglycemia risk, medication 
interactions, and the influence of diet and other lifestyle 
factors. 

However, the effect of intensity of a concurrent exer-
cise program on respiratory muscles, improvement of 
body composition, HbA1c, and the physical condition of 
people with type 2 diabetes is not taken into account and 
needs further investigation. Therefore, this study was de-
signed to investigate the effect of a concurrent exercise 
training (aerobic and resistance) program with different 
intensities (high and low) on the pulmonary function of 
women with type 2 diabetes. 

Materials and Methods

Study sample

The research method was quasi-experimental with pre-
test and post-test design. The statistical population in-
cluded obese women with type 2 diabetes who attended 
the diabetes community in Sabzevar and had medical re-
cords in this medical center. Thirty-four individuals with 
a history of at least five years of diabetes were selected 
through availability sampling according to the inclusion 
criteria. The inclusion criteria were women aged 45-60 
years (all subjects were evaluated by a specialist and 
confirmed to be menopausal); a body mass index (BMI) 
of 27 to 34 kg/m²; no other diseases (such as autoim-
mune disorders, respiratory diseases, liver disease, car-
diac ischemia, kidney disease, chronic inflammatory dis-
eases,  thyroid diseases, stomach ulcers, and infection), a 
diagnosis of type 2 diabetes; fasting blood glucose levels 
of less than 180 mg/dl; a 2-hour glucose level of less 
than 250 mg/dl; no insulin injections; non-smokers; no 
participation in regular sports programs during the past 
six months; and the ability to attend the study for three 
months. Individuals who did not meet these conditions 
were excluded from the study. Subsequently, ten partici-
pants refused to continue their participation for personal 
reasons and due to disease progression. The remaining 
24 subjects were randomly assigned to three groups: 
low-intensity exercise (8 individuals), high-intensity ex-
ercise (8 individuals), and a control group (8 individu-
als). Written informed consent was obtained from all 
participants.

Training program

The study began at the sports physiology laboratory 
at Hakim Sabzevari University for anthropometric and 
physiological measurements on December 5, 2021.  
Height, weight, body fat percentage, and waist-hip ra-
tio were measured one week before the beginning of the 
training program. The following two to three sessions 
were held in the practice hall to familiarize participants 
with the training conditions. The training intervention 
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consisted of 12 weeks of concurrent exercise, combin-
ing resistance and aerobic activities, performed at two 
intensity levels: High intensity (resistance at 75–85% of 
1-RM and aerobic at 70–85% of maximum heart rate) 
and low intensity (resistance at 50–75% of 1-RM and 
aerobic at 50–70% of maximum heart rate). Participants 
completed three nonconsecutive sessions per week, with 
each session lasting between 55 and 70 minutes.

The training program of high-intensity concur-
rent exercises group

The program consisted of 10 minutes of warm-up (jog-
ging, hand and foot movements combined with stretch-
ing), followed by 30 minutes of strength training and 10 
minutes of cool-down. The stations included bench press-
es, dumbbell bicep curls, triceps pushdowns, seated leg 
extensions, leg curls, butterfly exercises, and underhand 
cable pull-downs. The exercises were performed in accor-
dance with Table 1. The rest interval between each station 
was set at 120 seconds. After a 15-20 minute rest, 20 min-
utes of aerobic running training was conducted, featuring 
10-12 repetitions for 1 minute at 70-85% of the maximum 
heart rate, with 30 seconds of active rest between sets at 
30-40% of the maximum heart rate (Table 1). 

The training program of low-intensity concurrent 
exercises group

This program included 10 minutes of warm-up, 30 
minutes of strength training exercises, and 10 minutes of 
cool-down. The rest interval between stations was con-
sidered also set at 120 seconds. After 20 minutes, aerobic 
running training at low intensity was performed accord-
ing to Table 2. 

Measurements

Blood samples were collected at two stages: Before 
and 24 hours after the last session, following a 10-12 
hour fasting period. Glycosylated hemoglobin (HbA1c) 
was measured through an enzymatic colorimetric meth-
od with the Nicoard kit (made in Norway, catalog num-
ber 1042184), which has a coefficient of variation (CV) 
of less than 5%. To calculate the body fat percentage, a 
baseline caliper was used to measure subcutaneous fat 
in three areas: The thigh, upper pelvic area, and arm tri-
ceps, along with the Jackson and Pollock formulas [25]. 
Maximum oxygen consumption was measured using the 
Rockport 1-mile (1609 m) Walk Test [21, 26]. Indices of 
respiratory and pulmonary function were measured with 
a spirometer (model: CHESTGRAPH HI-701, France). 

Table 1. The training program of the high-intensity concurrent exercises group 

Resistance Training Protocol With High-intensity Aerobic Training Protocol With High-intensity

Week 1RM (%) Set Repetition Rest Between Sets (sec) HRmax (%) Repetition  Rest Between Sets (sec)

1 75% 2 7-9 60 70 1*10 30

2 75 2 7-9 60 70 1*11 30

3 75 3 7-9 60 70 1*12 30

4 75 3 7-9 60 75 1*10 30

5 80 2 5-7 60 75 1*11 30

6 80 2 5-7 60 75 1*12 30

7 80 3 5-7 60 80 1*10 30

8 80 3 5-7 60 80 1*11 30

9 85 2 3-5 60 80 1*12 30

10 85 2 3-5 60 85 1*10 30

11 85 3 3-5 60 85 1*11 30

12 85 3 3-5 60 85 1*12 30
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The upper body strength was calculated using the bench 
press movement and the Brzycki Equation 1

1. 1RM=Weight÷(1.0278–(0.0278×number of repeti-
tions)

Provided that the number of repetitions fell between six 
and ten repetitions. Upper body muscular strength was 
computed by the press movement and maximum repeti-
tions to fatigue with 60% of 1RM [27, 28]. 

To measure the specific strength of the respiratory 
muscles, a spirometer was used [29]. After a full exhale, 
the subject was asked to place the mouthpiece in their 
mouth and breathe in sharply. As the subject inhaled, the 
piston moved upward, and the highest number displayed 
was considered the specific strength of the respiratory 
muscles. This test was repeated three times and the max-
imum value was calculated. At the same time, in order 
to monitor the participant’s diet, a 24-hour dietary recall 
questionnaire, and the three-day dietary records from 
the beginning and end of the study were used. Food data 
were analyzed using Nutrition software, version 4. 

Statistical methods

Data were described as Mean±SD. The normal-
ity of the samples’ distribution was assessed using the 

Shapiro-Wilk test with Lilliefors correction for small 
samples, demonstrating a normal distribution for all 
samples. Treatment effects were analyzed using a two-
way ANOVA (IBM SPSS software, version 21, Armonk, 
VA, USA). A significant interaction effect (group×time) 
indicated a treatment-dependent difference in the devel-
opment from pre-test to post-test among the group con-
ditions. Significance was accepted for P≤0.05. 

Results

This study showed that 12 weeks of concurrent training 
at different intensities had significant therapeutic effects 
on some pulmonary variables, HbA1c values, and body 
fat percentage in women with type 2 diabetes. Table 3 
shows the characteristics of the patients. Table 4 pro-
vides an overview of all physiological and functional 
variables, while Table 5 presents an overview of all re-
spiratory variables. 

For several respiratory and physiological parameters, a 
significant interaction effect (group×time: P<0.05) was 
found, demonstrating a considerable influence of the re-
spective treatments on the development from the pre-test 
to the post-test: FEF25, FEF50, FEF2575, FEV1/FVC, 
HbA1c, and fat percentage (Tables 4 and 5). 

Table 2. The training program of the low-intensity concurrent exercises group

Resistance Training Protocol With Low-intensity Aerobic Training Protocol With Low-intensity

Week 1RM (%) Set Repetition Rest Between Sets (sec) HRmax (%) Repetition Rest Between Sets (sec)

1 50 2 13-15 60 50 1*10 30

2 50 3 13-15 60 50 1*11 30

3 55 2 11-13 60 55 1*10 30

4 55 3 11-13 60 55 1*11 30

5 60 2 9-11 60 60 1*10 30

6 60 3 9-11 60 60 1*11 30

7 65 2 7-9 60 65 1*10 30

8 65 3 7-9 60 65 1*11 30

9 70 2 5-7 60 70 1*10 30

10 70 3 5-7 60 70 1*11 30

11 75 2 3-5 60 70 1*10 30

12 75 3 3-5 60 70 1*11 30
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Table 3. Patients’ characteristics

Groups No.
Mean±SD

age (y) weight (kg) History of Diabetes (y)

Group 1 ( control) 8 49.12±3.30 78.43±4.74 9.15±3.12

Group 2 ( high-intensity) 8 48.25±8.16 77.00±6.11 8.12±4.26

Group 3 (low-intensity) 8 50.12±3.27 74.71±7.63 8.33±5.15

Table 4. Physiological and functional parameters and ANOVA effects (group, time, group×time)

Variables 
Mean±SD F, P

Pre-test Post-test Group Time GroupxTime

WHR(m)

Group 1 1.02±0.16 0.96±0.15

0.54 0.58 71.82 <0.001 2.66 0.09Group 2 0.98±0.75 0.90±0.08

Group 3 0.95±0.03 0.91±0.03

BMI(kg/m2)

Group 1 32.37±4.80 29.25±4.39

2.19 0.137 109.24 <0.001 1.93 0.17Group 2 30.62±2.61 28.62±2.82

Group 3 30.42±2.07 96±2.51

VO2max (ml/kg/min)

Group 1 21.72±1.55 26.70±2.91

2.05 0.154 211.49 <0.001 2.55 0.103Group 2 21.59±2.18 27.02±2.35

Group 3 20.59±1.90 24.27±1.41

Upper power (kg)

Group 1 28±3.38 37.62±5.75

2.19 0.137 88.52 <0.001 2.09 0.149Group 2 26.75±0.88 33.50±1.19

Group 3 25.85±6.09 31.71±5.37

Upper Endurance 
(repetition)

Group 1 10.37±1.76 17.37±1.59

0.73 0.49 220.98 <0.001 1.46 0.254Group 2 11.12±1.95 18.75±2.12

Group 3 12±2.82 17.71±2.92

HbA1C (%)

Group 1 7.69±0.59 7.80±0.61

8.02 0.048 20.47 <0.001) 11.08 0.003*Group 2 7.69±0.60 6.93±0.60

Group 3 7.81±0.60 6.81±0.45

Fat percentage

Group 1 36.12±1.93 36.69±1.99

2.02 0.157 20.32 <0.001 6.37 0.007*Group 2 34.81±1.69 33.29±2.15

Group 3 35.81±1.69 33.91±2.56

*Significant differences (P<0.05) 
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Table 5. Respiratory parameters and ANOVA effects (group, time, group×time)

Variables
Mean±SD F, P

Pre-test Post-test Group Time Group×Time

FVC (%)

Group 1 66.87±19.71 70.52±15

0.364 0.699 13.952 0.001 1.380 0.27Group 2 71.45±8.49 78.53±12.03

Group 3 66.40±16.06 78.20±19.28

FEV1 (%)

Group 1 85.71±25.80 89.01±20.68

0.496 0616 9.031 0.007 1.273 0.301Group 2 92.76±11.43 100.55±13.43

Group 3 86.85±21.24 101.06±25.30

PEF(%)

Group 1 76.100±26.80 75±22.21

2.320 0.123 10.356 0.004 3.076 0.067Group 2 88.12±23.52 107.52±15.10

Group 3 84.15±21.77 102.75±30.66

FEF25(%)

Group 1 79.66±25.41 77.80±20.72

1.388 0.272 2.003 0.172 9.704 0.001*Group 2 103.42±26.40 91.88±18.18

Group 3 76.85±21.20 107.75±36.74

FEF50 (%)

Group 1 80.13±26.65 79.41±25.81

0.836 0.447 22.347 <0.001 6.819 0.005*Group 2 82.06±14.89 110.11±23.11

Group 3 79.62±31.90 98.32±32.69

FEF75 (%)

Group 1 111.77±33.52 127.23±48.61

0.432 0.655 32.476 <0.001 1.201 0.321Group 2 118.02±17.91 147.82±39.77

Group 3 102.31±32.57 132.42±46.42

FEF2575 (%)

Group 1 104.38±31.87 105.46±29.31

1.128 0.342 19.275 <0.001 4.301 0.027*Group 2 114.12±17.61 139.92±27.76

Group 3 101.85±33.79 130.15±41.56

FIV (%)

Group 1 83.62±24.09 85.92±18.32

0.486 0.622 12.191 (0.002) 1.859 0.181Group 2 86.85±18.41 100.75±13.17

Group 3 88.43±25.64 98.400±26.63

MVV (L/min)

Group 1 84.51±39.07 140.87±62.69

1.951 0.167 22.756 <0.001 1.481 0.250Group 2 85.26±18.57 111.96±36.86

Group 3 96.27±38 167.70±49.95

FEV1/FVC (%)

Group 1 1.26±0.046 1.26±0.062

0.977 0.394 9.889 0.005 4.187 0.030*Group 2 1.26±0.033 1.29±0.030

Group 3 1.26±0.029 1.32±0.063

Specific 
strength of 

the respiratory 
muscles (ml)

Group 1 38±5 28±6

1.70 0.161 20.70 <0.001 1.50 0.065Group 2 34±10 34±10

Group 3 36±5 50±8
*Significant differences (P<0.05) 
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There were no significant group effects for other respi-
ratory parameters (P>0.05). For some respiratory, physi-
ological, and functional parameters, significant time 
effects were observed (P<0.05), indicating a significant 
change between the pre-test and post-test that was inde-
pendent of the type of treatment: FVC, FEV, peak expi-
ratory flow (PEF), FEF75, MVV, VO2max, upper body 
power, and upper body endurance (Tables 4 and 5). 

Discussion

This study demonstrated that a 12-week concurrent 
training program with varying intensities had signifi-
cant therapeutic effects on certain pulmonary variables, 
HbA1c levels, and body fat percentage in women with 
type 2 diabetes. These findings align with those of Sil-
va-Reis et al. who reported that concurrent training en-
hances lung mechanics and reduces lung inflammation 
in overweight and obese women [30]. Similarly, Silva-
Reis et al. found that concurrent exercise improved lung 
function, mechanics, and pulmonary immune responses 
in overweight and stage 1 obese women by elevating 
levels of the anti-fibrotic protein Klotho while reducing 
fibrotic IGF-1 [31]. These improvements were attributed 
to IGF-1, which is recognized as a primary growth factor 
overproduced in conditions, such as asthma and obesity. 
In asthma, IGF-1 plays a role in modulating airway in-
flammation, smooth muscle hyperresponsiveness, and 
hypertrophy, ultimately affecting lung mechanics [32]. 
Tunkamnerdthai et al. observed that an eight-week arm 
swing exercise program (three sessions per week) led to 
improvements in FEV1, FVC, and MVV while lowering 
HbA1c levels; however, the FEV1/FVC ratio remained 
unchanged in their study [20]. 

Osho et al. also documented significant enhancements 
in VO2max, FVC, FEV1, and HbA1c levels among 60 
individuals with type 2 diabetes aged between 40 and 
75 years [26]. Additionally, Chen et al. reported a no-
table increase in PEF following an eight-week kettlebell 
training program, indicating improved pulmonary func-
tion after exercise [33]. These findings suggest that the 
respiratory muscles of the participants in this study were 
effectively trained, resulting in significant improvements 
in PEF. While prior studies on resistance training in older 
adults have primarily examined its benefits for individu-
als with lung injuries or other specific conditions, fewer 
studies have focused on markers of lung function in this 
population [34]. 

Contrary to our findings, Jones and Nzekwu [35] re-
ported no significant changes in lung volume. The results 
of our study can be explained by the acute enhancements 

in glucose metabolism that occur immediately after ex-
ercise, with these effects lasting for up to 48 hours, as 
noted by Davis et al. [36]. 

Poor glucose regulation is linked to microvascular 
complications and pulmonary respiratory distress [37]. 
Dyspnea is the leading cause of death in type 2 diabe-
tes after adjusting for other known risk factors [38]. The 
reduction in mean HbA1c levels observed in this study, 
which aligns with findings from other research [37, 38] 
but contrasts with those reported by Sigal et al. [39], may 
contribute to significant improvements in FEV1/FVC 
values. 

FVC is influenced by factors, such as age, physical 
activity level, body composition and health, respiratory 
muscle strength, and lung elasticity [40]. Additionally, 
the extent of lung volume reduction and airflow limi-
tation correlates with glucose levels and body fat [41]. 
Hence, the increase in FVC observed in this study fol-
lowing concurrent training may be attributed to enhanced 
respiratory muscle strength and power, reduced body fat, 
and lower fasting blood glucose in patients with diabetes. 
However, the 12-week concurrent training program did 
not lead to a significant increase in FEV1 among women 
with type 2 diabetes in either training group. This out-
come contrasts with findings from studies conducted by 
Osho et al. and Beckerman et al. [42]. FEV1, a specific 
measure of respiratory function, is affected by various 
factors. A decline in FEV1 indicates reduced lung capac-
ity, airway obstruction, decreased lung reversibility, or, 
less commonly, insufficient respiratory muscle develop-
ment. Thus, improving respiratory muscle strength can 
also enhance FEV1 [40]. As FEV1 serves as an indicator 
of respiratory muscle strength, it appears that exercises 
targeting the enhancement of respiratory muscle strength 
may contribute to increased FEV1 levels [43]. 

Many studies have reported reduced pulmonary func-
tion in diabetic patients, largely due to diminished 
strength and power of the respiratory muscles. In the 
present study, while upper and lower body muscle 
strength and power increased in both the low- and high-
intensity training groups, these changes were not statisti-
cally significant. Although the strengthened muscles in 
this study primarily served as supporting muscles for 
pulmonary function rather than the primary muscles in-
volved in respiration, their long-term strengthening ap-
peared to contribute to improvements in respiratory sys-
tem function. Additionally, aerobic training may enhance 
the diaphragm, intercostal, and abdominal muscles while 
reducing resistance in the respiratory tract. Notably, the 
specific strength of respiratory muscles, as measured by 
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spirometry, improved in the low-intensity concurrent 
training group. This underscores the combined role of 
aerobic and resistance exercises in promoting pulmo-
nary function. Prior research has also shown a positive 
and significant correlation between cardiovascular fit-
ness (VO2max) and pulmonary function indices, such as 
FEV1 and FVC [44, 45]. 

The respiratory and cardiovascular systems collabo-
rate closely to deliver oxygen to cells and regulate the 
internal environment of the body during both rest and 
activity. This partnership ensures a balance between 
ventilation and cardiac function in the gas exchange 
process that links skeletal muscles to atmospheric air. 
Any inefficiency in these systems can impair overall 
body function. When the ventilation-to-blood flow ra-
tio or the ventilation-to-oxygen absorption and removal 
ratio declines relative to ventilation volume, respiratory 
muscles consume more energy, increasing the likelihood 
of premature fatigue [45]. Although the current study 
observed improvements in maximum oxygen consump-
tion (VO2max) in both training groups, these changes 
were not statistically significant. Nevertheless, this fac-
tor may partially explain the observed enhancements in 
pulmonary function. This study demonstrated improve-
ments across several key indicators, including respira-
tory muscle strength and power, body fat percentage, 
body weight, physical fitness, aerobic capacity, blood 
glucose levels, and HbA1c among the participants. The 
variability in results across studies may stem from differ-
ences in participant characteristics, such as gender, age, 
medical history, exercise program type, number and type 
of movements, intensity and duration of training, and 
other program-specific factors. It is important to note 
that respiratory function is influenced by multiple fac-
tors, including the nervous system, neuromuscular coor-
dination, respiratory muscle strength, and lung size. En-
hancing respiratory muscle strength and reducing airway 
resistance through exercise has been shown to improve 
lung function. Exercise-induced bronchial dilation re-
duces airway resistance, thereby improving ventilation. 
Additionally, exercises involving significant muscle en-
gagement can increase breathing rate and depth, which, 
in turn, enhances FVC, oxygen uptake, and oxygen dis-
tribution [46]. 

Conclusion

The findings of this study indicate that concurrent ex-
ercise programs of varying intensities can lead to im-
provements in selected respiratory and physiological 
parameters, demonstrating potential benefits for women 
with type 2 diabetes. Both low- and high-intensity train-

ing programs showed some positive effects on specific 
indicators, suggesting their utility in managing the con-
dition. Based on these results, healthcare professionals 
and specialists are encouraged to promote such exercise 
programs as part of a comprehensive management plan 
for patients with type 2 diabetes to enhance their chances 
of recovery. However, the study also revealed that a 12-
week exercise intervention did not result in significant 
changes in certain respiratory and physical parameters. 
This suggests that longer training durations, combined 
with careful management of confounding factors, such 
as nutritional habits, may yield more pronounced and 
consistent improvements. 
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