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The effects of supervised aerobic training 2
on dyslipidaemia among diabetic older
patients
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Abstract

Background Higher prevalence rates of diabetes and its complications have been reported among individuals with
poor physical activity and a sedentary lifestyle. This study explored the influence of six months of moderate-intensity
supervised aerobic training on the serum lipid profile, hs-CRP level, and variable-related correlations in prediabetic
and type 2 diabetes patients (T2DM).

Design The study was based on a two-arm parallel group pretest—posttest comparative design.

Methods A total of 50 subjects who were diagnosed with diabetes for more than five years and aged 30-70 years
were included in this study. The subjects were classified into two groups on the basis of their glycated haemoglobin
(HbA1c%) values: Group 1 (patients with the prediabetes; HbA1c % < 6.5, n=25) and Group 2 (patients with the
T2DM; HbA1c % > 6.5, n=25). Blood sugar, HbA1c %, insulin, lipid profile, and highly sensitive CRP (hs-CRP) were
measured via colorimetric and immunoassay techniques at baseline and six months postintervention with moderate
aerobic exercise.

Results The results revealed that participation in moderate aerobic training interventions for six months resulted in a
significant reduction in BMI, fasting blood sugar, glycosylated haemoglobin, hs-CRP, and lipid profile parameters such
as T-Cholest, TG, and LDL-C as well as significant improvement in the level of insulin with a reduction in the values

of HOMA-IR towards normal values in the patients with prediabetes (P<0.01) in group 1 and patients with diabetes

in group 2 (P<0.001). The change in VO,max with good physical fitness significantly improved with the exercise
program after six months. The reduced levels of hs-CRP, HOMA-IR, and lipid profile and improved levels of insulin were
significantly positively correlated with the levels of glycated haemoglobin (HbA1c%) in the patients with prediabetes
(P<0.01) and those with diabetes (P<0.001) following six months of moderate aerobic training interventions.
Moreover, hs-CRP was positively correlated with T-Cholest, TG, and LDL-C (p=0.01) and negatively correlated with
HDL-C. The data revealed improved glycemic control factors, lipid profiles, and hs-CRP levels as cardio-predictive
markers in patients with both prediabetes and diabetes as well. These findings suggest that the anti-inflammatory
effect of physical activity gained from moderate exercise training for six months may counteract increased
cardiovascular complications associated with increased CRP levels and lipid profiles in prediabetes and T2DM patients.
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Conclusions Moderate aerobic training for six months favourably affects glycemic parameters, lipid profiles, and
inflammatory hs-CRP indicators and improves VO,max, an indicator of physical fitness, in prediabetic and diabetic
patients. The data obtained suggest the positive effect of moderate exercise training as a protective modulator of
cardiovascular disorders, including the dyslipidaemic profile, glycaemic control, and hs-CRP inflammatory markers, in
prediabetes and T2DM patients. Thus, regular exercise, owing to its anti-inflammatory effects and ability to improve
cardiorespiratory fitness, lipid profiles, blood glucose levels, and insulin resistance, may help reduce the severity of
cardiovascular diseases in prediabetes and T2DM patients and healthy controls.

Trial registration Retrospectively registered with ClinicalTrials.gov PRS under trial identifier ID: NCT06246435 dated

Keywords Glycemic control, hs-CRP, Aerobic exercise, Dyslipidaemia, Diabetes mellitus, Inflammation

Introduction

Populations in both developing and developed countries
are suffering from relatively high prevalence rates of dia-
betes [1]. Approximately 6.4—7.7% of the world’s popula-
tion is suffering from diabetes risk factors, which increase
economic pressure worldwide [2]. However, the total
health expenditure rate for diabetes in the USA alone was
14% in 2010 [3]. In the same year, the Kingdom of Saudi
Arabia (KSA) was one of the Gulf countries that held the
record of spending approximately 21% of the country’s
total health expenditure on diabetes [2, 4].

Higher risks of cardiovascular disease with a substan-
tial increase in the rates of cardiovascular death have
been reported in patients with diabetes [5]. Other com-
mon risk factors, such as smoking, obesity, hypertension,
and dyslipidaemia, are significantly associated with dia-
betes mellitus during the progression of cardiovascular
complications [6].

In adult patients with type 2 diabetes mellitus, coro-
nary artery disease (CAD) is significantly correlated with
hyperlipidaemia, which increases the rate of cardiovas-
cular mortality [7]. A greater incidence of inflammatory
processes has been reported in patients with diabetes,
which leads to the subsequent release of proinflammatory
circulating markers such as high-sensitivity C-reactive
protein (hs-CRP). Hs-CRP is reported to be an inde-
pendent cardiac risk predictor in diabetic patients even
with a normal lipid profile and can help measure addi-
tional risk [8]. The development of diabetes-related com-
plications is linked to the level of glycated hemoglobin
(HbAlc), which is a routinely used marker for long-term
glycemic control. A 1% percent significant increase in
the level of HbA1c is accompanied by an 18% significant
increase in cardiovascular disease in diabetic patients [9].
The positive significant correlation between cardiovas-
cular disease incidence and HbAlc levels was more reli-
able in diabetic patients with higher or even within the
normal range of HbA1lc [10]. Recently, most studies have
reported the effects of lifestyle factors, such as time spent
in leisure activities, sitting time, watching media such as
TV, and using computers, on increasing obesity, which

is considered one of the most common diabetes-related
factors [11-13], and T2DM development [14].

Subjects with low physical activity along with other risk
factors, such as smoking habits, arterial hypertension,
and dyslipidaemia, are easily exposed to cardiovascu-
lar-related diseases and early mortality [15]. Most stud-
ies have reported the importance of moderate exercise
interventions in reducing body weight, improving insulin
sensitivity, increasing circulating levels of high-density
lipoprotein (HDL), decreasing triglyceride levels, and
normalizing blood pressure [16, 17].

In a study by Hayashino et al. [18], significant improve-
ments in the levels of LDL-C and elevated HDL-C along
with normalization of blood pressure were reported in
diabetic patients following supervised exercise interven-
tions. These findings raise many important questions,
especially the significant role of HbAlc% in diabetic
patients under programmed exercise training.

Therefore, the current study was designed to explore
the influence of supervised moderate-intensity aerobic
training on the serum lipid profile and hs-CRP level and
to evaluate the importance of HbAlc % as an indicator of
dyslipidaemia in prediabetic and diabetic patients. Thus,
incorporating HbAlc % as a key variable in the study of
dyslipidaemia evolution among older adults with predia-
betes and type 2 diabetes undergoing supervised aerobic
exercise introduces a novel dimension that could lead to
more personalized and effective management strategies
for these conditions.

The study hypothesis posits that prediabetic and type
2 diabetic patients will undergo significant improvements
in the management of their dyslipidaemia profile, blood
glucose levels, and chronic inflammatory markers follow-
ing the six-month supervised moderate exercise train-
ing intervention examined in this research. The findings
of this study underscore the critical role of exercise in
promoting cardiovascular health and overall well-being
in individuals with prediabetes and T2DM and offer a
promising avenue for preventive and therapeutic inter-
ventions in the management of these conditions.
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Materials and methods

Study design and ethical considerations

The study was based on a two-arm parallel group pre-
test-posttest comparative design. The Ethics Subcom-
mittee at King Saud University, Riyadh, Saudi Arabia,
reviewed and approved this study, recorded under file
ID; RRC-2014-010. Additionally, the study was registered
online with the ClinicalTrials.gov Protocol Registration
and Results System (PRS) and assigned the identifier ID
NCT06246435 dated 30/01/2024. This study followed all
the research procedures per the ethical standards of the
local Institutional Ethics Review Board and with the Hel-
sinki Declaration of 2010. Additionally, this study adheres
to the CONSORT guidelines. Signed informed consent
was obtained from each participant as a proof of consent
to participate before the start of this study.

Subjects

On the basis of previous study sample size estimates,
fifty outpatients for clinical rehabilitation at the College
of Applied Medical Sciences, King Saud University, were
included in this study to satisfy the study sample power
requirements. Fifty-eight patients who met the inclu-
sion criteria were included in this study, as presented in
Fig. 1. Participants aged 30—70 years and diagnosed with
type 2 diabetes (DM2) for more than 5 years according
to the American Diabetes Association (ADA) criteria
[19-21] and with a BMI<45 kg/m? were included in this
study. On the basis of the ADA criteria, the subjects were
classified according to the level of glycated hemoglobin
(HbA1c%) into two groups: Group 1 (patients with pre-
diabetes; HbAlc % < 6.5, n=25) and patients with dia-
betes; HbAlc % > 6.5, n=25). The diabets patients were
only treated with an antidiabetic agent (glibenclamide).
In all groups of study, patients with prediabetes and dia-
betes with a history of smoking, abnormal alcohol intake,
anaemia, hepatic diseases, thyroid diseases, rheuma-
toid arthritis, psoriasis, or overt complications of diabe-
tes, such as nephropathy, neuropathy, retinopathy, and
other heart complications, and who were suffering from
viral infections, chronic liver disease, hypothyroidism,
or drugs (diuretics or oral contraceptives) were excluded
from this study [20, 21]. All the participants were seden-
tary with little or no physical activity during daily routine
activities such as work and transportation.

For all participants, standardized physical examination
and collection of serum samples were performed at week
0 (before the onset of the training program), 3 months,
and after a 6-month program of moderate aerobic train-
ing [20, 21]. The general characteristics of the partici-
pants are shown in Table 1. Two outcome assessors were
blinded to the group allocation of the participants.
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Dietary information

The participants were instructed not to change their nor-
mal eating habits during the entire data collection period
and to accurately record the amount, type, and fluid con-
sumed. The dietary information of each participant was
obtained from food diaries or by extensive dietary inter-
views and was significantly referred to according to ref-
erence dietary intakes (RDIs) for physically active people
[22]. In addition, during the exercise program, the par-
ticipants were prevented from any antioxidant-contain-
ing diets to avoid cross contamination that may interfere
with the data of the proposed study.

Anthropometric measurements

An appropriate international standard scale (Digital
Pearson Scale, ADAM Equipment Inc., USA) was used
to record demographic parameters, such as weight and
height, for all participants, and standardized measure-
ments of weight and height were taken in light clothing
without shoes [20, 21]. Additionally, the BMI of each par-
ticipant was calculated according to standard techniques
by using a bioelectrical impedance analysis (BIA)-based
body composition analyser (TBF 105, Tanita Corpora-
tion, Tokyo, Japan) [20, 21].

Exercise training program

The participants performed the exercise test according
to Karvonen’s formula [20, 23] three times per week for
6 months. The entire supervised aerobic training pro-
gram was performed in the RRC lab, CAMS, King Saud
University, and supervised by an expert physiotherapist
with >10 years of experience in his respective field. The
training set comprised a warming phase by stretching
exercises and walking for 5-10 min. The participants
were allowed to reach their precalculated training heart
rate (THR) in bout form, with a total time of 45—-60 min
performed as circuit training using a treadmill, bicycle
and stair master [20]. Moreover, the exercise test was
performed to give the participants physical activity cor-
responding to 30—-45% of VO,max uptake, which gradu-
ally increased until they reached 65-75% of VO,max for
moderate intensity; this test was used in this study as
mentioned previously [20].

VO, max measurement

Two maximal exercise tests to measure VO,max were
performed on two separate days at baseline and again on
two separate days after training via a SensorMed 800 S
(Yorba Linda, CA) cycle ergometer and a SensorMedics
2900 metabolic measurement cart [24]. The tests were
conducted at approximately the same time of day, with at
least 48 h between the two tests. In the first test, fit sub-
jects exercised at a power output of 50 W for 3 min, fol-
lowed by increases of 25 W every 2 min until volitional
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v
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v

e Group 1 (HbAlc=<6.5; n=25)

All subjects were participated for
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three times per week for 6 months

¢ Group 2 (HbAlc= 6.5, n=25)

All subjects were participated for
supervised aerobic exerciseinterventions
three times per week for 6 months

l

[ Follow-Up ]

l

All participants, standardized physical
examination and collection of serum
samples were performed at week 0
(before onset of the training program), 3
months, and after a 6-months program of

o All participants, standardized physical
examination and collection of serum
samples were performed at week 0
(before onset of the training program), 3
months, and after a 6-months program of
moderate aerobic training

moderate aerobic training

Analysis
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(n=25); Missing
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* Analysed (n=25)

Actual participants (n=25); Missing
participants (n=0); Excluded from
analvsis (n=0)

Fig. 1 A CONSORT (2010) flow diagram shows the study procedures, including participant enroliment, eligibility assessment, randomization, allocation

to the intervention group, follow-up, and data analysis

exhaustion. However, for older, smaller, or less fit indi-
viduals, the test was started at 40 W, with increases of
10-20 W every 2 min thereafter.

In the second test, the subjects exercised for 10 min at
an absolute power (50 W) and at a relative power out-
put equivalent to 60% VO,max. They then exercised for
3 min at a relative power output that was 80% of their
VO,mayx, after which the resistance was increased to the
highest power output attained in the first maximal test.
If the subjects were able to pedal after 2 min, the power
output was increased every 2 min thereafter until they
reached volitional fatigue. The average VO,max from

these two sets was taken as the VO,max for that subject
and used in analyses if both values were within 5% of
each other. If they differed by >5%, the higher VO,max
value was used.

Blood sampling and analysis

All blood samples were taken from all the subjects before
and after they participated in the training program at
0800 h following an overnight fast [20, 21]. Venous blood
samples (5 mL) were collected in plain tubes from each
participant. To obtain serum samples, the blood was
allowed to clot for half an hour before being subjected to
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Table 1 General characteristics of the subjects with diabetes.
The glycated hemoglobin values are expressed as the
means = SDs

Parameters Group 1 Group 2
Pr-diabetes (HbA1c % Diabetes
<6.5) (HbA1c %

>6.5)

N 25 25

Male/Female 15/10 14/11

Age (years) 5832+184 5648+7.85

BMI (kg/m?2) 233+1.52 248+15

Waist (cm) 76.1+£279 85.7+185

Hips (cm) 85.9+243 85.7+223

Systolic BP (mmHg) 111.2+£95 1089+10.3

Diastolic BP (mmHg) 725+137 725+113

VO,max (ml/kg*min) 3244 +£422 354+39

Disease Duration (years) 565+3.8 85+42

centrifugation for 15 min at 2000 rpm [20, 21]. Then, the
serum samples were given a coded study identification
number and stored at 80 °C until analysis [20, 21].

Analysis of blood sugar, glycated haemoglobin (HbA1c%),
and insulin levels
A glucose oxidase and peroxidase (GOD-POD) colori-
metric method (Quanti Chrom Glucose Assay Kit, DIGL-
100, BioAssay Systems, Hayward, CA, USA) was used
to estimate the blood glucose level of each participant
before and after the exercise program, as described pre-
viously [20, 21]. In addition, a commercial kit (Bio-Rad,
Richmond, CA, USA) with a normal range from 3.5 to
5.5% (coefficient of variation 5%) was used to measure the
levels of HbA1c% in the blood of the participants before
and after the exercise test [20, 21]. Moreover, the serum
insulin level was determined via ELISA (human insulin
ELISA kit, KAQ1251, Invitrogen Corporation, Camarillo,
CA, USA) [20, 21]. In addition, HOMA-IR was used
to evaluate insulin resistance as follows: {HOMA-IR=
(fasting serum insulin (uU/ml) X fasting plasma glucose
(mmol 171)/22.5)}.

The assays were performed according to the instruc-
tions provided by the manufacturers.

Analysis of lipid profiles

Lipid profiles, such as total cholesterol, triglycerides,
high-density lipoprotein (HDL)-cholesterol, and low-
density lipoprotein (LDL)-cholesterol, were estimated in
the serum of each participant before and after exercise
training, as previously described [26—29]. An enzymatic
(CHOD-PAP) colorimetric method [25], (GPO-PAP)
method [25, 26], and a precipitant method [27, 28] were
used to estimate the total cholesterol, triglyceride, and
HDL cholesterol, respectively, of each subject. In addi-
tion, LDL cholesterol was estimated via the Friedewald
formula (FF) [28], as shown below.
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{LDL —C =TC - HDL —C — (TG/5)}

Dyslipidaemia was defined as the presence of one or
more abnormal serum lipid concentrations.

Analysis of hs-CRP

The acute-phase reactant highly sensitive CRP (hs-CRP)
was analysed via commercially available ELISA kits (IBL
Inc., Cat. No. IB59126, USA) according to the manufac-
turers’ instructions.

Sample size calculation

In this study, the power of the sample size was estimated
by using the G * Power program for Windows (version
3.1.9.7). A sample comprising 50 subjects was included
in this study. Using the t test and Wilcoxon signed-rank
test with a significance level of 0.05, the total sample
of 50 achieves a power of 95%, with an effective size dz
of 0.483, Df=46.75, critical t=1.68, and noncentrality
-a=3.34.

Statistical analysis

All the values are expressed as the means+SDs via the
SPSS package for statistical analysis (16.0 for Windows).
Independent samples t tests (2-tailed) were used to com-
pare the means of different parameters. Pearson’s correla-
tion test was performed to examine various correlations.
P<0.05 was used to determine significant differences.

Results

Fifty-eight patients (female, 21; male, 29; mean age,
57.414.86 years) diagnosed with diabetes, with an aver-
age duration of diabetes of 7.08 £4.0 years, were recruited
for this study. The subjects were divided into two
groups according to their level of glycated haemoglobin
(HbA1c%): patients with prediabetes group 1 (HbAlc %
< 6.5, n=25) and the diabetes patients group 2 (HbA1lc%
2 6.5, n=25). No difference was detected between groups
for any of the outcomes listed (p>0.05). The demograph-
ics and descriptive characteristics of the recruited sub-
jects are given in Table 1.

Daily nutrient intake was associated with variation
in the total caloric, macronutrient and micronutri-
ent intakes of both the prediabetic and diabetic groups.
However, these parameters are situated within the rec-
ommended interval of RDIs, as shown in Table 2.

The variation in the recorded dietary parameters had
no effect on BMI; diabetes markers, such as fasting blood
sugar, glycosylated hemoglobin, and inflammatory hs-
CRP; and lipid profile parameters, such as T-Cholest,
TG, and LDL-C, in prediabetic and diabetic patients in
the baseline period and after exercise for 6 months, as
reported in Table 3.
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Table 2 Dietary records of the subjects (means+ standard
deviations)

Variable Group 1 Group 2 Reference
Pr-diabetes Diabetes(HbA1c Dietary
(HbA1c % < % > 6.5) Intake
6.5) (RDI)
Kilocalorie 2740+ 550 2520+ 560 2300-3450
Carbohydrate(g) 452.5(134.0) 462.5 (148.0) 400-500
Proteins (g) 105+12.0 85+£50 70-110
Fats (g) 123+135 127+84 100-140
Carbohydrate (%) 585+102 583+6.1 45-65%
Proteins (%) 18.6+2.8 15.6+5.7 10-30%
Fats (%) 252427 294431 25-35%
Cholesterol (mg.d") 340+6.3 346+10.7 <350
Vitamin C(mg.d™")  53.7+6.8 575+114 40-70
Vitamin E (mgAd’W) 10.8+3.5 18.7.£9.7 11-30
Vitamin A (ER) 1750+257.0 2230+186.0 900-3000
Folate (ugd™") 630+85.0 710+69.8 400-1000
Vitamin B12(u9d’1) 58+17 46+25 2-6

The results revealed that 6 months of moderate aero-
bic training significantly reduced BMI, fasting blood
sugar, glycosylated haemoglobin, hs-CRP, and lipid pro-
file parameters, such as T-Cholest, TG, and LDL-C,
in the patients with prediabetes (P<0.05) group 1 and
those with diabetes group 2 (P<0.01). The total serum
fasting insulin and HDL-C levels significantly increased
after 6 months of moderate aerobic training (<0.005),
as shown in Table 2. Moreover, the baseline VO,max/kg
significantly increased following 6 months of moderate
aerobic training in the patients with prediabetes group
1 (P<0.01) and diabetes patients group 2 (P<0.001), as
shown in Table 3.

Correlation coefficients between the independent vari-
ables under study were calculated, and there was a signif-
icant correlation between the reduction in BMI, hs-CRP,
blood sugar, total cholesterol, TG, and LDL-C and the
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increase in HDL-C and fasting insulin towards HbA1c%
in the prediabetes and diabetes patients (Table 4). In
addition, significant associations were found between
improved baseline VO,max and plasma levels of HbAlc
% diabetic parameters in prediabetes (P<0.01) and diabe-
tes patients (P<0.001) (Table 4). In addition, correlation
analysis revealed that the improved VO,max following
6 months of moderate aerobic training was significantly
correlated with hs-CRP, T-Cholest, TG, and LDL-C
and negatively correlated with HDL-C in the prediabe-
tes (P<0.01) and diabetes groups (P<0.01), as shown in
Table (5).

Furthermore, the data revealed a significant correlation
between hs-CRP levels and lipid profiles among predia-
betes and diabetes patients. hs-CRP was positively cor-
related (p=0.01) with T-Cholest, TG, and LDL-C and
negatively correlated with HDL-C, as shown in Table (6).

Discussions

The incidence of diabetes has increased globally and
has become the major source of mortality and morbid-
ity worldwide [29, 30]. In addition to medications and
diet interventions, exercise is considered one of the most
traditionally used modalities for the treatment of type 2
diabetes [30, 31], and changes in lifestyle can reduce the
incidence of T2DM to 58% in both genders at high car-
diovascular risk [32].

The application of physical exercise programs for more
than 4 h/week improved cardiorespiratory fitness and
muscle strength and significantly reduced the risk of dia-
betes even without weight loss [32—34]. Therefore, this
study aimed to explore the influence of moderate-inten-
sity aerobic exercise training for 6 months on glycemic
control parameters, dyslipidaemia, and hs-CRP as car-
diac risk predictors in patients with both prediabetes and
type 2 diabetes.

Table 3 Mean, standard deviation (SD) and statistical comparison of the pretraining, 3-, and 6-month posttraining values of the

studied variables on the basis of the level of glycated haemoglobin

Parameters Group 1 Group 2

Pr-diabetes (HbA1c % < 6.5) Diabetes (HbA1c % > 6.5)

Baseline 3 months 6 months Baseline 3 months 6 months
VO,max (ml/kg* min) 3244+4.22 395458 483+43" 354+39 389+45" 4424277
Fasting serum sugar (mg/d|) 1133+7.1 1020+7.7 % 86.12+74" 1784+97 1726486 13524206
HbA1c % 496+0.26 47+023% 458+021" 794097 74+094"" 63+071""
Fasting serum insulin (mU/ml) 971+147 114413 123117 971415 114+137 1424177
HOMA- IR 184032 165+0.29" 140817 35413 29+15" 1854065 "
hs CRP, (mg/I) 648+153 61413 51+094 " 824+16 752+14°" 65+1.1"7"
T-Cholesterol (mg/dl) 1704+92 166.7+88" 156.15+8.7" 19364228 18684215 16134262
TG (mg/dl) 1263+84 1225480 1142+80" 1422+46.15 1354457 " 1193450
HDL-C (mg/dl) 387454 456+48 751+4.15" 6644224 72642137 9%6.6+185""
LDL-C (mg/d) 1124+73 107469 98.7+46" 1228+89 1134+68" 996453
BMI (kg/m2) 2334152 225+13" 21+127 243415 2394177 217+13™

The values are expressed as the means+SDs; "P<0.05, " "P<0.01, “*P<0.001. Significance was set at p<0.05. All comparisons of the data at 3 and 6 months were
performed against the basal values. HDL-C=high-density lipoprotein cholesterol, LDL-C=low-density lipoprotein cholesterol
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Table 4 Posttraining correlation analysis of BMI, VO,max, hs-CRP, lipid profile and diabetes-related variables according to the level of

glycated hemoglobin (n=50)

Variables Glycated Hemoglobin (HbA1c %)

Group 1 Group 2

Prediabetes (HbA1c %; < 6.5% (n=25) Diabetes (HbA1c % = 6.5% (n=25)

R (95% Cl) R (95% Cl)
VO,max (ml/kg* min) 0.247" 96 (78-98) 0523 95 (86-98)
FB. Sugar (mg/d)) 0316"" 95 (73-98) 0357 91 (73-98)
F.insulin (mU/ml) 042" 89 (56-100) 046" 98 (56-100)
HOMA-IR 063** 92 (75-100) 0.57 *** 96 (65-100)
Hs-CRP, (mg/I) 0315"" 75 (65-100) 0297 71 (65-100)
BMI (kg\m2) 017" 85 (66-100) 023" 91 (65-100)
Lipid Profile 031" 84 (65-100) 035" 96 (75-100)
T-Cholest .(mg/dl) 035" 97 (85-100) 0137 94 (85-100)
TG (mg/dl) 048" 91 (75-100) 0.52" 89 (75-100)
HDL-C(mg/dl) 058" 90 (65-100) 0.75™ 95 (75-100)
LDL-C (mg/dl)

Data are presented as coefficients (R) and 95% confidence intervals;
3 and 6 months were performed against the basal values

denotes significance at <0.01;

Pre

denotes significance at <0.001. All comparisons of the data at

Table 5 Posttraining correlation analysis of VO,max (ml/kg* min) as a fitness score, the inflammatory Hs-CRP marker, and the lipid

profile according to the level of glycated hemoglobin (n=50)

Variables

Glycated Hemoglobin (HbA1c %)

Group 1

Prediabetes (HbA1c %; < 6.5% (n=25)

Group 2
Diabetes (HbA1c % = 6.5% (n=25)

VO, max (ml/kg* min)

VO,max (ml/kg* min)

R (95% CI) R (95% ()]
Hs-CRP, (mg/I) 0522 1(76-95) 048" 95 (83-98)
T-Cholest.(mg/dl) 0.255"" 5 (83-98) 047" 97 (73— 98)
TG(mg/dl) 089"" 2 (88-100) 075" 98 (86 )
LDL-C(mg/dl) 069" 8 (75-100) 089" 85 (65—
HDI-C (mg/d)) 075" 75 (66-100) 056" 93 (65— oo>

Data are presented as coefficients (R) and 95% confidence intervals; * denotes significance at <0.05; ** denotes significance at <0.01. All comparisons of the data at

3 and 6 months were performed against the basal values

Table 6 Posttraining correlation analysis of hs-CRP with the lipid profile according to the level of glycated hemoglobin (n=50)

Variables Glycated Hemoglobin (HbA1c%)

Group 1 Group 2

Prediabetes (HbA1c %; < 6.5% (n=25) Diabetes (HbA1c % = 6.5% (n=25)

hs-CRP hs-CRP

R (95% Cl) R (95% ()]
T-Cholest.(mg/dl) 0345"" 5 (73-98) 039" 91 (73~ 98)
TG(mg/dl) 079" 89 (56-100) 045" 98 (56 )
LDL-C(mg/dl) 059" 1(65-100) 082" 71 (65-
HDI-C (mg/dl) 067" 85 (66-100) 046" 91 (65—1 00)

Data are presented as coefficients (R) and 95% confidence intervals; * denotes significance at <0.05; ** denotes significance at <0.01. All comparisons of the data at

3 and 6 months were performed against the basal values

Our results showed that participating in moderate
aerobic training for six months significantly improved
the levels of fasting insulin, which increased with a sig-
nificant reduction in fasting blood sugar and glycosyl-
ated hemoglobin in prediabetes and diabetes subjects.
This improvement in the diabetic control parameters
was significantly (p=0.01) correlated with the reduc-
tion in BMI among prediabetic and diabetic subjects

following moderate exercise training interventions. Our
results are in line with those of several previous studies
that concluded that 4 h/week of physical exercise signifi-
cantly reduces diabetic risk factors [35] and that regular
exercise training improved glycemic control parameters
by increasing fat oxidation and subsequently reducing
BMI [36-38]. Moreover, in a meta-analysis, aerobic train-
ing exercise for at least 8 weeks had a significant effect
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on HbA1c % values in individuals with T2DM [39]. Simi-
lar results from a meta-analysis concerning aerobic and
resistance exercise established the positive effect of exer-
cise on HbA1c% among diabetic subjects [40].

In our study, prediabetes subjects with a pretrain-
ing HbAlc % (<£6.5) with the same aerobic exercise for
6 months had significantly lower HbAlc % and fasting
blood sugar levels than diabetes subjects with HbAlc
% levels>6.5. The data revealed that the improvement
in HbAlc % by exercise generally depends on pretrain-
ing glycemic levels. These findings suggest the potential
use of exercise as a protective aid against the progression
of diabetes, especially among prediabetes individuals
(HbAlc % < 6.5). The data are in accordance with those
of others, who reported that diabetes mitigation follow-
ing exercise or diet interventions is more common in
subjects with lower HbA1c% levels and a shorter disease
history [41]. Furthermore, exercise was suggested to have
the same insulin activity as the increase in muscle capac-
ity to capture circulating glucose as a result of decreas-
ing intramuscular fat reserves following exercise training,
which ultimately reduces circulating glucose levels [36].
In addition, the increased expression of the GLUT4 glu-
cose transporter following exercise training in nondia-
betics’ and diabetes patients was reported to support the
importance of exercise as a diabetic control [42, 43].

Previous investigations have reported that the func-
tional capacity, estimated by peak oxygen consump-
tion (VO,max), is significantly reduced in DM patients
[44—-46]. Although the reduction in VO,max could be
ascribed to obesity, lack of physical activity, and vari-
ous comorbidities, VO,max remained reduced in DM
patients [43, 44], even after adjustment for these vari-
ables. Thus, VO,max represents an important indepen-
dent predictor of outcome, particularly survival, under
different conditions [45-48].

In our study, the peak baseline VO,max significantly
increased in patients with prediabetes and diabetes fol-
lowing participation in moderate aerobic training for
six months. Previous studies have shown an increase in
VO,max in diabetic patients who exercised regularly for
20 weeks, whereas training programs with moderate to
high intensities have shown greater VO,max improve-
ment, which predicts postintervention differences in
HbAlc [48, 49].

In this study, correlation analysis revealed that the
improved VO,max following 6 months of moderate aer-
obic training was significantly correlated with hs-CRP,
T-Cholest, TG, and LDL-C and negatively correlated
with HDL-C in the prediabetes (P<0.01) and diabets
groups (P<0.01).

After six months of moderate exercise, studies have
shown that increased VO,max is associated with sig-
nificant reductions in hs-CRP levels. This suggests a
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reduction in systemic inflammation, which is crucial
since inflammation is a known risk factor for cardio-
vascular diseases, particularly in individuals with type 2
diabetes. In addition, consistent with our results, other
studies have indicated that patients whose VO,max is
improved also exhibit decreases in their hs-CRP levels,
demonstrating the anti-inflammatory effects of consis-
tent physical activity [50, 51].

Currently, exercise interventions with different inten-
sities are the best nonpharmacological strategies for the
prevention or attenuation of diabetic dyslipidaemia [42,
43], and it is also estimated that aerobic exercise train-
ing improves dyslipidaemia via a reduction in the levels
of total cholesterol (T-Chol) and triglycerides (TGs), as
previously reported in the literature (TGs) [52].

In this study, 6 months of moderate aerobic training
resulted in a significant decrease in the levels of T-Chol,
TGs, and LDL-C combined with a significant increase in
the HDL-C levels of prediabetes subjects compared with
those of diabetes subjects with higher HbAlc % levels
(=6.5). The data of our study are in accordance with those
of studies reporting improvements in fasting blood lipid
profiles following long-term exercise interventions [53,
54]. The exercise program also significantly improved
many diabetes-related parameters, including glycemic
control, HbAlc%, and body composition, collectively
with attenuated exogenous insulin requirements [35].
Furthermore, a previous study concluded that exercise
training of both low and moderate intensity promoted a
clear reduction in the lipid profile [55].

In this study, 6 months of moderate aerobic training
regulated the lipid profile of diabetic subjects, which
could be explained by the activation of the AMPK
enzyme, which increases fatty acid oxidation; by a reduc-
tion in cholesterol synthesis, lipogenesis and lipolysis; by
the regulation of insulin secretion from pancreatic islets;
or by increased levels of glucose transporter proteins and
mRNAs [56, 57]. The improvement in the lipid profile
reported in this study could also be related to exercise
activation of lipolytic activity, which promotes a decrease
in TG and LDL and an increase in HDL concentration,
or to the activation of peripheral enzymes, such as lipo-
protein lipase (LPL), lecithin-cholesterol acyltransferase
(LCAT) and hepatic lipase (HL) [58, 59].

Type 2 diabetes is associated with increased levels of
many inflammatory biological markers, depending on the
level of glycemic control, HbAlc%, lipid profile, degree
of insulin resistance, and body composition, in different
human populations of both sexes [60, 61]. Among these
markers, high-sensitivity CRP (hs-CRP) was found to be
the gold standard marker of innate immunity associated
with increased levels of HbA1c% in individuals with dia-
betes [62, 63].
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In the present study, we observed that type 2 diabetes
patients with higher glycemic control levels (HbAlc% <
6.5%) had higher hs-CRP levels than did subjects with
lower HbA1c% values (=6.5%). These results are consis-
tent with other studies that reported higher levels of hs-
CRP among hypertensive patients with type 2 diabetes
[64] and that significant increases in the levels of CRP
were also linked with higher rates of cardiovascular mor-
tality among diabetic patients [65, 66]. Thus, hs-CRP and
CRP are significant markers that can predict the severity
of diabetes [66].

The data of the present study revealed a significant
correlation between hs-CRP levels, glycemic control,
and lipid profiles in prediabetes and diabets subjects.
The levels of hs-CRP correlated positively (p=0.01) with
higher levels of HbAc1, T-cholesterol, TG, and LDL-C
and negatively (p=0.01) with lower levels of HDL-C. Like
our results, diabetic patients with higher HbAc1% lev-
els [67—69] presented a significant increase in lipid pro-
file parameters, especially LDL-C. The increase in lipids
among diabetic patients, such as those with T2DM, was
shown to activate a series of local inflammatory events
due to increased levels of cellular hs-CRP, which may be
related to obesity and a low grade of systemic inflamma-
tion in DM patients [70].

Many studies have reported that the reduction in
inflammation and hs-CRP levels is significantly related
to the physical activity status of diabetic patients [70, 71],
whereas aerobic fitness is generally inversely associated
with CRP levels [72, 73], and exercise aerobic training has
been reported to decrease the levels of CRP and hs-CRP
inflammatory markers in individuals with type 2 diabetes
[71].

In this study, we showed that 6 months of aerobic
training significantly improved all glycemic control
parameters in both prediabetes and diabetes patients.
The data revealed that in prediabetic patients, the
HbAlc % level was lower than 6.5 (4.96 was reduced to
4.56) and that the fasting serum sugar level (113-86.1)
significantly improved, with HbAlc % levels greater
than 6.5 (7.9-6.3) and fasting serum sugar levels
(172.6-135.2).

In addition, hs-CRP significantly improved in pre-
diabetes and diabetes patients following participation
in an aerobic training exercise intervention for six
months. The data obtained showed that hs-CRP was
significantly positively correlated with a decrease in
(p=0.01) HbAlc, T-Cholest, TG, and LDL and nega-
tively correlated (p=0.01) with higher HDL-C con-
centrations in prediabetes and diabetes patients. The
data agree with those of others, who reported a signifi-
cant reduction in hs-CRP, CRP, and other inflamma-
tory markers in type 2 diabetes patients [74—76] and
that the improvements may be related to a reduction
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in body composition following exercise training. Our
results also matched those of others [71], who reported
that a combined programme of aerobic and resistance
exercise for one year could significantly decrease CRP,
with percentages of 28% and 54%, respectively, in indi-
viduals with type 2 diabetes.

In addition, in this study, the improved VO,max fol-
lowing 6 months of moderate aerobic training signifi-
cantly correlated with lipid profile parameters, such as
T-Cholest, TG, and LDL-C, and negatively correlated
with HDL-C in the prediabetes (P<0.01) and diabe-
tes groups (P<0.01). An improved VO,max has been
linked to better lipid profiles, including reductions
in LDL cholesterol and increases in HDL cholesterol.
This relationship is crucial for managing cardiovas-
cular risk, which is elevated in diabetic populations.
Exercise appears to improve endothelial function and
insulin sensitivity, which collectively contribute to bet-
ter cardiovascular health [76-79].

Finally, these findings highlight the importance of
maintaining or improving cardiorespiratory fitness
through regular moderate exercise as a nonphar-
macological strategy to reduce inflammation and
improve lipid metabolism in prediabetic and diabetic
individuals.

Conclusions

In conclusion, moderate aerobic training for 6 months
favourably affects glycemic parameters, lipid profiles,
and inflammatory hs-CRP indicators and improves
VO,max, an indicator of physical fitness, in predia-
betes and diabetes patients. In addition, both HbAlc
% and hs-CRP are vital indicators in the management
of prediabetes and diabetes patients. HbA1c% is indis-
pensable for monitoring long-term glucose control
and predicting dyslipidaemia, whereas hs-CRP serves
as a crucial marker of inflammation, offering insights
into cardiovascular risk. Together, these markers help
healthcare providers assess the multifaceted risks
associated with diabetes, enabling a more targeted
approach to prevention and treatment.

The data obtained also suggest the positive effect of
moderate exercise training as a protective modulator
of cardiovascular disorders, including the dyslipidae-
mic profile, glycaemic control, and hs-CRP inflam-
matory markers, in prediabetes and T2DM patients.
Thus, regular exercise, owing to its anti-inflammatory
effects and ability to improve cardiorespiratory fitness,
lipid profiles, blood glucose levels, and insulin resis-
tance, may help reduce the severity of cardiovascular
diseases in prediabetes and T2DM patients as well as
healthy controls.
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