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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Type 2 diabetes mellitus is associated 

with increased cardiovascular risk, with physical inactivity 
contributing significantly to metabolic dysfunction. This 
study aimed to investigate the association between physical 
activity status and cardiometabolic markers in patients 
with type 2 diabetes mellitus in the United Arab Emirates. 
Methods: This cross-sectional study was conducted at 
Thumbay Labs, UAE, between January and October 2025. A 
total of 185 participants with type 2 diabetes were stratified 
into active (at least 150 minutes per week for more than 3 
months) (n=99) and sedentary (n=86) groups based on physical 
activity levels. The active group was further subclassified 
by exercise type: aerobic (n=70), combined (n=17), and 
resistance training (n=11). Anthropometric measurements and 
biochemical parameters including fasting glucose, HbA1c, 
Fructosamine, fasting insulin, HOMA-IR, and lipid profile 
were assessed. Mann-Whitney U test, Kruskal-Wallis test, 
and Spearman's correlation were used for statistical analysis. 
Results: The active group demonstrated significantly lower 
BMI (26.4 vs 28.6 kg/m², p<0.001), fasting glucose (127 vs 
149 mg/dl, p<0.001), HbA1c (6.84% vs 8.07%, p<0.001), 
Fructosamine (303 vs 362 μmol/L, p<0.001), fasting insulin 
(9.03 vs 10.99 μU/mL, p=0.011), and HOMA-IR (3.0 vs 4.1, 
p<0.001) compared to the sedentary group. No significant 
differences were observed in lipid parameters. Among exercise 
subgroups, resistance training exhibited the most favorable 
metabolic profile with the lowest HbA1c (6.41%), BMI 
(23.01 kg/m²), and HOMA-IR (1.9). Correlation analysis 
revealed significant positive associations between BMI 
and glycemic markers as well as insulin resistance indices. 
Conclusion: Physical activity is associated with significantly 
better glycemic control, insulin sensitivity, and body 
composition in patients with type 2 diabetes. Resistance training 
demonstrated particularly favorable metabolic outcomes; 
however, limited sample size restrict generalizability. These 
findings support the integration of regular physical activity into 
comprehensive diabetes care strategies.

Key words. Type 2 diabetes mellitus, physical activity, 
exercise, glycemic control, insulin resistance, HbA1c, HOMA-
IR, resistance training.

Introduction.
Type 2 diabetes mellitus is a chronic medical condition 

characterized by insulin resistance that affects approximately 
7% of the global population [1]. Patients with type 2 diabetes 
are at an increased risk of developing cardiovascular diseases, 
which also serves as the major cause for the high mortality rate 
among the type 2 diabetic population [2]. 

Insufficient physical exercise is believed to contribute to the 
deaths of over 3.2 million people annually, and it affects about 
31% of the world's population aged 15 and over. Sedentary 
behavior is defined as any waking behavior such as sitting or 
leaning with an energy expenditure of 1.5 metabolic equivalent 
task (MET) or less. With rapid changes in the world, the choice 
of sedentary lifestyle, fast food practices and more exposure to 
stress, have made type 2 diabetes a global concern [2]. 

Metabolic syndrome on the other hand, remains as a precursor 
for cardiovascular disorders in type 2 diabetic individuals. 
Metabolic syndrome is characterized by various risk factors 
including– abdominal obesity, dyslipidemia, hypertension 
and elevated fasting glucose. These factors in turn accelerate 
the risk of developing atherosclerosis, coronary artery, stroke 
and peripheral vascular disease in diabetic individuals [3]. A 
national cohort study found that the prevalence of diabetes was 
4.7% among young men (age group 18-29 years) in the UAE [4]. 
This high prevalence could be a result of rapid lifestyle changes 
over the past 50 years, adapting into a sedentary, urban, high-
income society from a traditional semi-rural lifestyle. Diet and 
exercise are some renowned non-pharmacological strategies 
that are followed to reduce cardiovascular risk in diabetic 
individuals. These changes are said to improve the overall 
health of the individuals by working effectively in reducing 
weight, blood glucose and blood pressure levels. Physical 
activity, on the other hand, helps in the regulation of insulin 
sensitivity by enhancing the glucose intake resulting in better 
cardiovascular health by regulating the blood pressure, blood 
glucose and lipid metabolism [5]. The look AHEAD (action 
for health in diabetes) explored the impact of lifestyle changes 
on cardiovascular health in overweight individuals with type 2 
diabetes [6]. 

Cardiovascular diseases are a major cause of mortality in type 
2 diabetes patients due to chronic inflammation, stress, and 
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dyslipidemia [7]. According to a recent study, patients with 
type 2 diabetes can reduce their insulin resistance indicators and 
pro-inflammatory cytokines including TNF-a, IL-6, and CRP by 
engaging in various forms of exercise [8,9].  

Diet modifications in type 2 diabetic individuals often involve 
calorie restriction with increased fruit, vegetable and low-
fat dairy intake [10]. This cross-sectional study examined the 
relationship between patients with type 2 diabetes mellitus' 
levels of physical activity and cardiometabolic indicators.
Materials and Methods.

This cross-sectional study was conducted at Thumbay Labs, 
United Arab Emirates, between January and October 2025. 
Patients with type 2 diabetes were stratified into sedentary 
and active groups based on physical activity levels (at least 
150 minutes per week for more than 3 months); the active 
group was further subclassified by exercise type (aerobic, 
resistance, or combined). Sample size was calculated using 
G*Power analysis (effect size f² = 0.15, α = 0.05, power = 
0.80), yielding a minimum requirement of 180 participants. 
Exclusion criteria included type 1 diabetes, use of insulin 
therapy, suspected Latent Autoimmune Diabetes in Adults 
(LADA), prediabetes, other comorbidities, surgical disabilities, 
and thyroid disorders. Participants completed a structured 
questionnaire for group allocation. Height and weight were 
measured following standardized protocols, and BMI was 
calculated (kg/m²). Venous blood samples were collected after 
an overnight fast (≥8 hours). Sodium fluoride plasma, EDTA 
whole blood, and serum specimens were obtained and processed 
by centrifugation at 4000 rpm for 10 minutes. Fasting glucose, 
lipid profile (total cholesterol, triglycerides, HDL, LDL), and 
HbA1c were measured on the Beckman Coulter DXC 700 
analyzer using enzymatic and latex agglutination inhibition 
methods, respectively. Fasting insulin was determined by 
chemiluminescent immunoassay (Beckman Coulter DXI 
800/900). HOMA-IR was calculated as [fasting insulin (μU/mL) 
× fasting glucose (mg/dL)] / 405. Fructosamine was measured 
by colorimetric method using Cobas c 503 Roche kits.

All procedures were validated according to College of 
American Pathologists (CAP) guidelines. Internal and external 
quality controls were implemented, with calibration performed 
per manufacturer specifications. The study was approved by the 
Institutional Review Board (Ref. No. IRB-COHS-STD-131-
Dec-2024). All participants provided written informed consent, 
and data were anonymized and stored securely.

Data analysis was performed using IBM® SPSS® Statistics 
Version 30.0. Continuous variables were expressed as median 
and interquartile range (IQR) due to non-normal distribution 
of data. The Mann-Whitney U test was employed to compare 
cardiometabolic markers between active and sedentary groups. 
Kruskal-Wallis test was used to evaluate differences among 
exercise type subgroups (aerobic, resistance, and combined) 
within the active group. Spearman's correlation coefficient was 
calculated to assess relationships between cardiometabolic 
variables. Chi-square test was used for gender distribution 
between the groups. Data visualization including bar charts 
and correlation heatmaps were generated to illustrate group 
distributions and inter-variable associations. A p-value less than 

0.05 was considered statistically significant, while p-value less 
than 0.001 was considered highly significant.
Results.

A total of 185 participants with type 2 diabetes mellitus were 
enrolled in this cross-sectional study. Participants were classified 
into an active group (n=98) and a sedentary group (n=87). 
Within the active group, exercise modalities were distributed 
as follows: aerobic exercise (n=70, 70.7%), combined aerobic 
and resistance training (n=17, 17.2%), and resistance training 
exclusively (n=11, 11.1%).

The majority of participants were treated with metformin 
monotherapy, with smaller proportions receiving combination 
oral therapy including DPP 4 inhibitors and/or sulfonylureas. 
Medication distributions were broadly similar between 
physically active and sedentary groups, with no major 
qualitative differences in the type of glucose lowering therapy 
across physical activity strata.
Discussion.

The present cross-sectional study investigated the association 
between physical activity and cardiometabolic markers in 
patients with type 2 diabetes mellitus in Ajman, United Arab 
Emirates during January to October 2025. Study participants 
was recruited based on their physical activity status into two 
groups active and sedentary then the active group is subclassified 
according to the type of exercise into aerobic, resistance or 
combined.

Our study revealed significantly lower HbA1c levels in 
the active group compared to the sedentary group (6.84% vs 
8.07%, p<0.001). This finding aligns with substantial evidence 
in the literature supporting the beneficial effects of exercise 
on glycemic control. A network meta-analysis of 158 studies 
involving 17,059 participants demonstrated that all types of 
exercise are beneficial for improving glycemic control in adults 
with type 2 diabetes [11]. The American Diabetes Association 
position statement confirms that in individuals with type 2 
diabetes, regular training reduces HbA1c, triglycerides, blood 
pressure, and insulin resistance [12].

The clinically meaningful difference in HbA1c observed in our 
study carries significant prognostic implications. A 1% absolute 
decrease in HbA1c is associated with a 15–20% reduction in 
cardiovascular complications, a 37% reduction in microvascular 
complications, and a 21% reduction in diabetes-related death 
[13]. Therefore, the approximately 1.2% difference in median 
HbA1c between active and sedentary groups in our study 
represents a substantial reduction in complication risk.

Similarly, fasting glucose, fasting insulin, and HOMA-IR were 
all significantly lower in the active group. A large Korean cohort 
study of 280,194 individuals demonstrated a significant inverse 
relationship between physical activity level and HOMA-IR, 
with health-enhancing physical activity showing lower HOMA-
IR values even when individuals decreased their activity level 
over time, suggesting a cumulative effect of exercise on insulin 
resistance [14]. These findings support the notion that regular 
physical activity improves insulin sensitivity through multiple 
mechanisms, including enhanced glucose uptake by skeletal 
muscle, improved mitochondrial function, and reduced visceral 
adiposity.
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Figure 1. Displays the correlation matrix illustrating the correlations between BMI and the other cardiometabolic markers. This heatmap 
visualization identifies significant positive and negative correlations between BMI and  glycemic indices, insulin resistance markers, and lipid 
parameters among study participants.

Characteristic Aerobic (n:70) Resistance (n:11) Combined (n:17) p-value
Gender Female  19 (27.1%) 1 (9.1%) 4 (23.5%) 0.4305Male  51 (72.9%) 10 (90.9%) 13 (76.5%)

Table 1. Display the gender distribution across exercise subgroups.

Data are presented as n (%) for categorical variables and gender compared using chi-square test.

Variable Active (N:98) Sedentary (N:87) P.valueMedian IQR Median IQR
BMI (kg/m2 ) 26.4 23.7-30.45 28.6 26.43 -33.4 <0.001
Fasting Glucose (mg/dl) 127 118.8-153.6 149 129.25-201.0 <0.001
Fasting Insulin (μU/mL) 9.03 5.975-13.84 10.99 7.748-19.282 0.011
HOMA IR 3 1.9-4.75 4.1 2.7-8.075 <0.001
A1C (%) 6.84 6.47-8.035 8.07 7.155-9.665 <0.001
Fructosamine μmol/L 303 270.0-369.5 362 319.0-407.0 <0.001
Cholesterol (mg/dl) 179 148.5-211.0 184.5 162.25-218.25 0.296
Triglyceride (mg/dl) 139 98.0-189.0 134 97.25-185.0 0.822
LDL (mg/dl) 107 79.5-131.0 113 96.0-133.0 0.403
HDL (mg/dl) 45 38.0-53.0 46.4 40.5-52.75 0.197

Table 2. Summarizes the cardiometabolic parameters between the active and sedentary groups.
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The active group demonstrated significantly lower BMI 
compared to the sedentary group (26.4 vs 28.6 kg/m², 
p<0.001). Cross-sectional studies have shown that higher BMI 
is positively associated with increased HbA1c levels, and the 
Look AHEAD trial demonstrated that individuals with type 
2 diabetes who achieved modest weight loss experienced 
significant improvements in glycemic control [15]. The lower 
BMI observed in our active participants may partially mediate 
the improvements in glycemic parameters, as adipose tissue, 
particularly visceral fat, contributes to insulin resistance through 
inflammatory cytokine release and altered adipokine secretion.

In this study, significant age differences were observed among 
exercise groups, with the resistance training group being 
younger and the aerobic and combined exercise groups older 
(p = 0.0046). This may reflect preferences for specific exercise 
types in different age categories, potentially affecting training 
outcomes and cardiometabolic risks. Gender distribution was 
comparable across groups (p = 0.4305), indicating minimal 
sex-related confounding. However, the modest sample size 
in resistance and combined groups necessitates caution in 
interpreting results, as age and sex residual confounding cannot 
be fully ruled out.

An intriguing finding of our study was the superior 
cardiometabolic profile observed in participants performing 
resistance training exclusively. The resistance training group 
exhibited the lowest median values for HbA1c (6.41%), BMI 
(23.01 kg/m²), fasting insulin (6.68 μU/mL), and HOMA-IR 
(1.9). A meta-analysis of 12 randomized controlled trials found 
that resistance exercise significantly reduced HOMA-IR level 
(d = −0.25, 95% CI: −0.43 to −0.06; p < 0.05) and HbA1c levels 
(d = −0.51, 95% CI: −0.84 to −0.18; p < 0.05), with the largest 
effect sizes observed for high-intensity and long-term training 
programs [16]. More recent evidence confirms that resistance 
training improves markers of insulin resistance, including 
insulin (MD −1.35 μIU/mL), HOMA-IR (MD −1.15), fasting 
glucose (MD −6.99 mg/dL), and HbA1c (MD −0.55%), as 
well as increases muscle mass and both upper and lower body 
strength in adults with type 2 diabetes [17].

Resistance training benefits for individuals with type 2 diabetes 
include improvements in glycemic control, insulin resistance, 
fat mass, blood pressure, strength, and lean body mass [12]. The 

mechanisms underlying these benefits include increased muscle 
mass, which serves as the primary site for insulin-mediated 
glucose disposal, enhanced GLUT4 translocation, and improved 
mitochondrial function in skeletal muscle.

However, our results should be interpreted cautiously given 
the small sample size of the resistance training subgroup (n=11) 
and age bias. Additionally, the cross-sectional design precludes 
determination of whether individuals with better baseline 
metabolic profiles preferentially chose resistance training or 
whether the exercise modality directly contributed to these 
favorable outcomes.

Contrary to glycemic parameters, no significant differences 
were observed in lipid profile markers (total cholesterol, 
triglycerides, LDL, and HDL) between active and sedentary 
groups. A review of exercise effects on lipids reported that HDL 
cholesterol is the component of the lipid profile most likely to 
improve as a result of physical activity, while effects on LDL 
cholesterol and triglycerides are often inconsistent [18]. The 
lack of significant differences in our study may be attributed to 
several factors.

First, lipid metabolism is heavily influenced by dietary intake, 
medication use, and genetic factors that were not controlled in 
this cross-sectional analysis. Second, the exercise characteristics 
of our active participants—including intensity, duration, and 
frequency—may have been insufficient to elicit measurable 
changes in lipid parameters. Evidence suggests that a volume of 
exercise sufficient to elicit changes in fat mass may be required 
to favourably alter the lipid profile [18]. Third, diabetes tends to 
lower HDL cholesterol and raise triglycerides through diabetic 
dyslipidemia, which is linked to insulin resistance [19], and this 
underlying metabolic disturbance may attenuate the exercise-
induced improvements typically observed in non-diabetic 
populations.

The significantly lower Fructosamine levels observed in 
the active group (303 vs 362 μmol/L, p<0.001) provide 
additional confirmation of improved short-term glycemic 
control. Fructosamine reflects average blood glucose over the 
preceding 2–3 weeks and serves as a complementary marker to 
HbA1c. The concordance between these two glycemic markers 
strengthens the validity of our findings regarding the association 
between physical activity and glucose homeostasis.

Variable Aerobic (n:70) Combined (n:17) Resistance(n:11) P.value Median IQR  Median IQR  Median IQR
Age, years 50.0 44.0-61.2 46 46.0-52.0 42 41.5-42.5 0.0046
A1C (%) 7.38 6.62-8.5 7.05 6.49-7.6 6.41 6.41-6.7 0.0004
BMI (kg/m2 ) 26.8 24.7-30.5 29.1 27.2-32.7 23.01 19.7-23.7 < 0.001
Cholesterol (mg/dl) 185 146.0-211 149 145.0-206.0 179 171.0-221.0 0.406 
Fasting Glucose (mg/dl) 128 118.6-158.5 127 113.0-167.0 122.9 121.9-138.3 0.671
Fasting Insulin (μU/mL) 8.73 6.45-13.455 11.56 10.81-14.125 6.68 4.69-7.11 0.0057 
Fructosamine (μmol/L) 319 274.0-386.5 331 251.0-395.0 284 265.0-299.0 0.145 
HDL (mg/dl) 45 37.0-54.0 39 38.0-44.0 45 43.0-61.0 0.188 
HOMA IR 3.1 2.2-4.75 4.1 3.3-5.65 1.9 1.6-2.1 0.0086 
LDL (mg/dl) 106 82.0-130.0 107.8 77.0-132.0 117 97.0-132.0 0.917 
Triglyceride (mg/dl) 142 101.5-193.0 72 70.0-120.0 139 104.0-293.0 0.0025

Table 3. Presents the comparison of cardiometabolic markers among different exercise modalities.

Kruskal–Wallis test, P.value less than 0.05 is considered significant, P.value less than < 0.001is considered highly significant and IQR stands for 
Interquartile Range.
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The beneficial effects of physical activity on cardiometabolic 
parameters in type 2 diabetes involve multiple interconnected 
pathways. Habitual exercise, consisting of aerobic, resistance, 
or their combination, fosters improved short- and long-term 
glycemic control through mechanisms including improved 
insulin sensitivity, enhanced muscle glucose uptake, and 
favorable changes in body composition [20]. Acute exercise 
increases glucose uptake independently of insulin through 
contraction-mediated GLUT4 translocation, while chronic 
training enhances insulin signaling pathways and increases 
mitochondrial density in skeletal muscle. Regular exercise may 
improve glycemic control, reduce cardiovascular risk factors, 
contribute to weight loss, and improve well-being among 
diabetic patients [21].

Furthermore, resistance training exerts modulatory effects on 
systemic inflammation by reducing circulating levels of pro-
inflammatory cytokines, which are well-established contributors 
to impaired insulin signaling and cardiovascular risk. The 
combination of improved body composition, enhanced insulin 
sensitivity, and reduced inflammation collectively contributes 
to the favorable metabolic profile observed in physically active 
individuals with type 2 diabetes [17]. Obesity is one of the most 
important modifiable risk factors for the prevention of type 2 
diabetes. An increase in body fat is generally associated with 
an increase in the risk of metabolic diseases such as type 2 DM, 
hypertension [22]. and dyslipidemia. The correlation analysis 
revealed significant positive associations between BMI and 
glycemic markers (fasting glucose, HbA1c, Fructosamine) 
as well as insulin resistance indices (fasting insulin, HOMA-
IR). These findings are consistent with established literature 
demonstrating that BMI is strongly linked to insulin resistance 
and glycemic control, with higher BMI categories associated 
with progressively worse metabolic profiles [23,24]. The 
mechanistic basis for these correlations involves excess 
adipose tissue, particularly visceral fat, which promotes insulin 
resistance through increased lipolysis, inflammatory cytokine 
release, and impaired insulin signaling [25]. Studies have 
shown that changes in body fat mass correlate significantly 
with changes in fasting glycemia, HbA1c, and lipid parameters 
independent of weight changes alone [26]. These correlations 
have important implications for exercise intervention. The 
significantly lower BMI in our active group (26.4 vs 28.6 kg/
m², p<0.001) likely contributes to the observed improvements 
in glycemic and insulin resistance parameters. The Look 
AHEAD trial demonstrated that a 5% reduction in BMI was 
associated with 0.13% lower HbA1c and 32% lower odds of 
insulin use [27]. Similarly, combined exercise training has been 
shown to reduce BMI, fasting insulin, and HOMA-IR, with 
improvements in body composition mediating enhancements 
in insulin sensitivity [28]. The resistance training subgroup 
exhibited the lowest BMI (23.01 kg/m²) alongside the most 
favorable metabolic profile, supporting the concept that 
exercise-induced improvements in body composition contribute 
substantially to glycemic benefits. These findings reinforce 
weight management as a critical therapeutic target and highlight 
exercise as an effective strategy for improving metabolic health 
through favorable body composition modifications, in addition 

to that baseline imbalance raises the possibility that apparent 
HbA1c benefits in the resistance group reflect the enrolment of 
initially leaner, potentially metabolically healthier individuals 
rather than superiority of the resistance intervention. Despite 
current guidelines, the combined exercise group showed less 
improvement in BMI and HOMA-IR compared to aerobic-only 
exercise, likely due to confounding by indication. Participants 
with worse baseline metabolic dysfunction were more likely 
allocated to combined training, as indicated by higher baseline 
BMI and HOMA-IR in this group (p<0.05). After adjusting 
for these baseline differences, the outcome discrepancies were 
significantly reduced, emphasizing the need to control for 
baseline severity in exercise intervention studies.
Limitations.

Some study limitations should be considered. First, the cross-
sectional design prevents causality between cardiometabolic 
outcomes and physical exercise. Reverse causality may 
explain the relationships, as people with better metabolic 
health exercise more. Second, physical activity was self-
reported and did not specify intensity, duration, or frequency. 
Third, our analysis did not adequately account for potential 
confounders such food, medication, diabetes duration, and 
socioeconomic characteristics. Fourth, the exercise type 
subgroups, especially resistance training, have small sample 
sizes, limiting generalizability and statistical power. Fifth, the 
absence of adjustment for lipid-lowering medication (statin) 
usage may account for the lack of observed differences in lipid 
profiles. Finaly, the primary limitation of the study is the age 
gap between groups. Over one-third of the Sedentary group was 
60 or older, but all Resistance members were under 60. Given 
the effects of aging on metabolic and physiological outcomes, 
this age difference may explain the Resistance group's superior 
performance regardless of exercise modality.
Clinical Implications.

Despite these limitations, our findings have important 
clinical implications. The substantial differences in glycemic 
parameters between active and sedentary groups underscore 
the importance of incorporating physical activity counselling 
into routine diabetes care. Physical activity advice, which is 
easy to implement, accessible and unsupervised, should be 
offered to people with type 2 diabetes to improve glycemic 
control [11]. Healthcare providers should encourage patients 
with type 2 diabetes to engage in regular physical activity as a 
cornerstone of comprehensive diabetes management, alongside 
pharmacotherapy and dietary modifications.

The favorable metabolic profile observed in participants 
performing resistance training suggests that this exercise 
modality deserves greater emphasis in diabetes management 
guidelines. Diabetes is an independent risk factor for low 
muscular strength and accelerated decline in muscle strength and 
functional status [12], making resistance training particularly 
relevant for this population. A systematic review and meta-
analysis demonstrated that exercise interventions significantly 
decrease glycated hemoglobin, fasting blood glucose, BMI, and 
waist circumference after exercise intervention [29].
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Future Directions.
Future prospective studies with larger sample sizes, objective 

physical activity measurement, and comprehensive covariate 
adjustment are needed to confirm these associations and 
establish optimal exercise prescriptions for patients with type 
2 diabetes. Randomized controlled trials comparing different 
exercise modalities and intensities would provide stronger 
evidence for clinical recommendations. Additionally, research 
examining the dose-response relationship between physical 
activity and glycemic outcomes across different baseline HbA1c 
levels would help personalize exercise prescriptions [13].
Conclusion.

In conclusion, this cross-sectional study demonstrates that 
physical activity is associated with significantly better glycemic 
control, insulin sensitivity, and body composition in patients with 
type 2 diabetes mellitus. While lipid parameters did not differ 
significantly between groups, the substantial improvements in 
glucose homeostasis markers support the integration of regular 
physical activity into comprehensive diabetes management 
strategies. The particularly favorable profile observed in the 
resistance training subgroup warrants further investigation in 
larger prospective studies.
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