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Abstract

Introduction: Thrombotic events in Type-2 diabetes are influenced by elevated plasminogen activator inhibitor-1
(PAI-1). This study compares the effects of high-intensity interval training (HIIT) and moderate-intensity continuous
training (MICT) on PAI-1 level in Type-2 diabetic women.

Material and methods: Twenty-six women with Type-2 diabetes were recruited and assigned to two groups; of these,
18 completed the study: a HIIT group (n = 8, 42.1 + 6.8 years, 33.1 =4.95 kg/m?) and a MICT group (n = 10, 41.1 +2.9
years, 35.2 = 2.6 kg/m?). Outcome measures were PAI-1, glycosylated hemoglobin (HbA1c), and body mass index (BMI).
The HIIT group performed 4 % 4-min working phases at 85-90% of peak HR (heart rate), followed by 3-min active rest
intervals. At 65-75% of peak HR, the MICT group exercised for 30 minutes. Both exercise interventions included a war-
m-up and a cool-down period and were performed on a treadmill for eight weeks.

Results: The HIIT group showed significant reductions in PAI-1 (29.09 +2.67 vs. 37.42 +3.52 ng/mL, p <0.001) and
HBAIlc (6.45 + 0.50 vs. 8.34 + 0.44%, p < 0.001) compared to baseline. The MICT group showed significant reductions
in PAI-1(30.37 £2.92 vs. 38.49 + 2.40 ng/mL, p <0.001) and HbAlc (6.78 £ 0.36 vs. 8.15 £ 0.63%, p <0.001) compared
to baseline. The differences in these outcomes between groups were not significant. BMI was not significantly changed
in either group.

Conclusions: MICT could be as effective as HIIT for reducing elevated PAI-1 and HbAlc levels in obese women
with Type 2 diabetes, regardless of BMI changes. However, the less vigorous MICT may be preferable in this patient
population to improve fibrinolysis and hyperglycemia.
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Introduction diabetes (73 million) [1]. Among these, 90%-95% of
cases are believed to be Type 2 [2]. Diabetes mellitus

It was estimated that 537 million adults had diabetes ~ (DM) is associated with increased morbidity and decre-

in 2021, and this total is predicted to rise to 643 mil-  ased lifespan, mainly due to thrombotic complications;
lion by 2030 and 783 million by 2045 [1]. In the Mid-  these primarily result from a hypofibrinolytic state,
dle East and North Africa, one in six adults lives with  characterized by higher levels of plasminogen activator
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inhibitor-1 (PAI-1), an enzyme that inhibits fibrinolysis
by blocking the conversion of plasminogen into active
plasmin [3]. This thrombotic environment increases the
risk for coronary artery disease, cerebrovascular dise-
ase, and peripheral artery disease [3]. Women with Ty-
pe 2 diabetes have a 25-50% greater risk of cardiova-
scular diseases (CVD) than diabetic men, as they could
be subjected to excess body fat and elevated CVD risk
for a longer duration than men before developing dia-
betes [4].

Given the associations between elevated plasma
PAI-1 and the increased likelihood of thrombotic events
in patients with Type-2 diabetes, particularly diabetic
women, it is important to seek efficient interventions
to reduce circulating PAI-1 levels in those patients.
Current treatment strategies aimed at improving the va-
scular system in DM focus on the early introduction of
antithrombotic drug therapy where possible [5]. Howe-
ver, another promising anti-thrombotic non-pharmaco-
logical therapy that may reduce PAI-1 is exercise. Pre-
vious data suggests that moderate-intensity continuous
training (MICT) effectively reduces PAI-1 in healthy
individuals [6], patients with metabolic syndrome [7,8],
and patients with Type-2 diabetes [9]. However, the ef-
fect of high-intensity interval training (HIIT) on plasma
PAI-1 in patients with Type 2 diabetes, has only been
investigated in one study to date [10]. As a result, there
is still no agreement on the exercise intensity that most
efficiently reduces plasma PAI-1 and promotes fibrino-
lysis in DM.

Therefore, the aim of the present study was to com-
pare HIIT with MICT in terms of their induced changes
in plasma PAI-1 levels, as a primary outcome, and in
glycosylated hemoglobin (HbAlc) and body mass in-
dex (BMI), as secondary outcomes, in female patients
with Type 2 diabetes. As exercise intensity is one of the
most important determinants of the clinical outcomes of
exercise training [11], we hypothesize that HIIT and the
MICT may have significantly different effects on cir-
culating PAI-1 levels. The findings of this study could
help in the development of effective exercise training
programs to reduce the risk of thrombosis in women
with Type 2 diabetes.

Material and Methods

Ethical considerations

This study received ethical approval from the Ethics
Committee of Scientific Research of the main author’s
institution (P.T. REC/012/004012). The research was
performed in accordance with the Helsinki Declaration.
All patients gave their consent prior to participation in
this research.

Participants

The patients were recruited by convenience sampling
(n = 26 patients with Type 2 diabetes) and assigned to
either a HIIT group or a MICT group. A thorough medi-
cal history was taken. The inclusion criteria comprised
the following: female sex, Type 2 diabetes diagnosed
with an HbAlc > 6.5%, aged 30 to 50 years, obesity
(BMI > 30 kg/m?), receiving oral hypoglycemic medi-
cation, and having PAI-1 levels above 20 ng/mL. The
exclusion criteria included pregnancy, cardiovascular
disease, chest disease, diabetic foot, contraindications
to exercise testing, and neurological or musculoskeletal
limitations to exercise training. The patients mainta-
ined their usual lifestyle throughout the study. Eighteen
patients completed the study: HIIT group (n= 8) and
MICT group (n= 10). The flow of participants for the
study is given in Figure 1.

Procedures

At baseline, a maximal symptom-limited treadmill
exercise test was performed according to the modified
Bruce protocol described by Fletcher et al. [12]. Pa-
tients underwent the test successfully with no adverse
effects and ended the test upon maximal exertion. The
peak heart rate (HRpeak) was recorded immediately after
the end of the test using pulse oximetry (Heal Force,
Prince-100B3, made in China). The determination of
HRpeak at baseline was needed to calculate the target he-
art rate.

Outcome measures

The primary outcome was PAI-1. Venous blood
samples were taken from patients, and plasma PAI-1
levels were assessed at baseline and after eight weeks
with ELISA kits (Trinity Biotech USA, St. Louis, MO)
according to the manufacturer’s instructions.

The secondary outcomes were HbAlc and BMI.
The blood samples were also analyzed for HbAlc be-
fore and after the study. Body weight and height were
measured at baseline. The BMI was calculated as body
weight (kg)/height (in meters squared) [13], at baseline
and after eight weeks.

Interventions

The two types of exercise training were prescribed
following the FITT principle for exercise prescription,
as stated by the American College of Sports Medicine
[14]. The total duration of exercise interventions was
eight weeks. All patients in the two groups received oral
hypoglycemic medication throughout the study, and
received instructions on a healthy diet with no caloric
restrictions. The exercise interventions are presented in
Table 1. Heart rate was monitored by a fingertip pulse
oximeter (Heal Force, Prince-100B3, made in China).
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Assessed for eligibility
(n=30)
Excluded (n=4)
-
Enroliment -Not meeting the inclusion criteria (n=2)
-Declined to participate (n=2)
Allocation (n=26)
Y
Allocated to HIIT group (n=13) Allocated to MICT group (n=13)
-Received allocated intervention (n=13) -Received allocated intervention (n=13)
-Did not receive allocated intervention (n=0) -Did not receive allocated intervention (n=0)
4 ( Follow-Up 1 l
N J
-Lost to follow-up (n=2) -Lost to follow-up (n=2)
Due to loss of contact Due to loss of contact
-Discontinued the intervention (n=3) -Discontinued the intervention (n=1)
Due to sickness (n=1) and loss of motivation Due to sickness
(n=2)
i Analysis J
Analyzed (n=8) Analyzed (n=10)
Fig 1. Flowchart of the study
Tab. 1. Description of the exercise interventions
HIT [15] MICT
Frequency  Three days per week Three days per week
Low intensity for warming-up and cooling-down
periods Low intensity for the warm-up and cool-down
Intensit High intensity at THR of 85-90% of HR for the periods
Y high-intensity intervals Moderate intensity at a THR of 65-75% of HR .
Moderate intensity at a THR of 60-70% of HR during the working phase
for active recovery
5 minutes warm- . . .
. rutes warm-up . The session lasted 45 minutes (5—10 minutes of
Time or Four 4 min high-intensity workouts with three- . . .
. . . . warming up, 30 minutes of the working phase,
Duration minute recovery intervals in between . .
. and 3-5 minutes of cooling down)
3 minutes cool-down
Type/mode Treadmill, interval walking exercise Treadmill, continuous walking exercise

HIIT — high-intensity interval training, MICT-moderate-intensity continuous training, HR . peak heart rate, THR-target heart rate.
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Statistical analysis

All variables were found to have a normal distribu-
tion (Kolmogorov-Smirnov test) and all independent
samples demonstrated homogeneity of variance (Le-
vene’s test). The unpaired t-test was used to assess the
differences in the means between the two groups at ba-
seline and post-intervention, while the paired t-test was
used to compare the mean changes within each group
pre — and post-intervention. The values of P < 0.05 we-
re considered statistically significant. Descriptive stati-
stics were used and the data was presented as means +
standard deviations. Percent changes from baseline in
the means of the outcome measures were computed. All
statistical calculations were done using Social Science
Statistics and GraphPad Prism software.

Results
No significant differences were found between the
two groups with regard to age or baseline anthropome-

tric characteristics (Tab. 2).

Tab. 2. Baseline age and anthropometric characteristics

No significant differences in outcome measu-
res were found between the two groups at baseli-
ne (Tab. 3). After eight weeks, the HIIT group sho-
wed significant reductions in PAI-1 (29.09 + 2.67
vs. 37.42 £ 3.52 ng/mL, p < 0.001) and HbAIlc
(6.45 £ 0.50 vs. 8.34 = 0.44%, p < 0.001) compa-
red to baseline. The MICT group also showed signi-
ficant reductions in PAI-1 (30.37 = 2.92 vs. 38.49 +
2.40 ng/mL, p < 0.001) and HbAlc (6.78 = 0.36 vs.
8.15 £ 0.63%, p < 0.001) compared to baseline after
eight weeks. After the interventions, non-significant
differences in PAI-1 and HbAlc were found between
the groups (p > 0.05). In addition, the two exercise
groups showed non-significant changes in BMI com-
pared to the baseline (p > 0.05).

The mean PAI-1 decreased by 22.26% and 21.09%
in the HIIT and MICT groups, respectively (Fig. 2).
The mean HbA, decreased by 22.66% and 16.8% in
the HIIT and MICT groups, respectively (Fig. 2).

Variable HIIT group MICT group p-value
Age [years] 42.13 £6.81 41.10£2.92 0.700
Height [cm] 157.25+2.19 157.70 £2.06 0.659
Body weight [kg] 81.77 £12.10 87.58 £ 6.49 0.209
BMI [kg/m?] 33.08 £4.95 35.22+£2.58 0.255

BMI — body mass index, HIIT — high-intensity interval training, MICT — moderate-intensity continuous training.

Tab. 3. Results of the two groups at baseline and post-intervention

Levene’s test Unpaired t-test

Variables HIIT group MICT group
p-value p-value
baseline 3742 +£3.52 38.49+2.40 0.089 0.457
PAI-1 [ng/mL]  post 29.09 +£2.67 30.37 £2.92 0.995 0.352
p-value <0.0017 <0.001"
baseline 8.34+£0.44 8.15+0.63 0.297 0.482
HbA, [%] post 6.45+0.50 6.78 £ 0.36 0.377 0.127
p-value <0.001" <0.001"
baseline 33.08+£4.95 3522 £2.58 0.079 0.255
BMI [kg/m?] post 32.97+4.29 34.76 £ 3.00 0.289 0.314
p-value 0.783 0.239

BMI — body mass index, HbA1c — glycosylated hemoglobin, HIIT — high-intensity interval training, MICT — moderate-intensity conti-
nuous training, PAI-1 — plasminogen activator inhibitor-1, * significant p-value based on the Paired t-test.
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Fig. 2. Percent changes from baseline in the outcome measures in the two groups

Discussion

Recent guidelines from the American College of
Sports Medicine (ACSM) address the therapeutic
strength of exercise intervention for the management of
Type 2 diabetes [16]. The purpose of this study was to
compare HIIT and MICT with respect to exercise-indu-
ced changes in PAI-1 level, HbAlc, and BMI in Type 2
diabetic women.

Contrary to our hypothesis, no significant difference
was found between HIIT and MICT regarding exercise-
induced reductions in PAI-1 in the studied Type 2 dia-
betic women. Both HIIT and MICT were equally effec-
tive in reducing baseline PAI-1 levels in these patients.
Likewise, HbAlc decreased significantly following
HIIT and MICT, with no significant difference between
them. All of the above-mentioned improvements occur-
red independently of BMI changes.

In line with our findings, Kalil et al. [9] showed that
the combination of moderate-intensity aerobic exerci-
ses with a low-calorie diet reduced plasminogen acti-
vator inhibitor-1 levels to a greater extent than a low-
calorie diet alone in patients with Type 2 diabetes. Also,
moderate-intensity exercises effectively minimized
PAI-1 concentrations in patients with metabolic syn-
drome [7,8]. In addition, Buchan et al. [6] showed that
a seven-week moderate-intensity exercise program si-
gnificantly improved plasminogen activator inhibitor-1
levels in healthy adolescents. Similarly, our present fin-
dings indicate significant reductions in PAI-1 levels in
the MICT group compared to baseline.

Nonetheless, not only do moderate-intensity exerci-
ses reduce plasma PAI-1 in Type 2 diabetes, but HIIT
also improved fibrinolysis and homeostasis in men with
Type 2 diabetes by altering tissue plasminogen activator

(t-PA) and the t-PA/PAI-1 complex [10]. Similarly, our
present findings indicate that HIIT led to a significant
reduction in plasma PAI-1 concentrations in women
with Type 2 diabetes. It has also been found that highly-
trained athletes show lower PAI-1 levels than sedentary
subjects [17]. The mechanism underlying such favora-
ble reductions in plasma PAI-1 could be attributed to
exercise-induced adaptations within skeletal muscles
involving a large series of gene expression and post-
translational modifications [18]. Exercise training in-
creases t-PA protein levels and reduces PAI-1 levels in
the exercised muscles, thus enhancing the local fibrino-
lytic state and blood flow to the active muscles [18].

Interestingly, in both groups, although the patients re-
mained obese, they showed a decrease in baseline PAI-1
levels. As such, it appears that other explanations for
PAI-1 reductions than changes in BMI must be present.
Since hyperglycemia increases PAI-1 expression by acti-
vating protein kinase C in endothelial cells [19], it is po-
ssible that exercise-induced reductions in hyperglycemia
could have reduced PAI-1 expression, and hence its level,
in our obese patients. This explanation could also be sup-
ported by Belalcazar et al. [20], who found that impro-
ved glucose control combined with lifestyle interventions
contributed to lowering PAI-1 levels independent of mar-
ked adiposity changes. Therefore, our findings emphasize
that exercise-induced reduction in plasma PAI-1 concen-
trations should be viewed as a benefit of exercise training
itself, not merely as an avenue to weight loss.

Another finding in the present study was that both
HIIT and MICT were equally effective at lowering HbA| .
This finding is supported by a recent meta-analysis by
de Mello et al. [21], which also suggests that both forms
of training have similar effects on HbA . levels. Nota-
bly, the two exercise groups in the current study showed
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significant reductions in HbA 1c compared to the baseline
without dietary restrictions. It has been shown that exer-
cise programs without dietary regimens can improve gly-
cemic control in patients with Type 2 diabetes [22]. The
present study also demonstrated that, despite the absence
of significant BMI reductions, reductions in HbAlc were
observed in both groups. It has been reported that exer-
cise programs lasting at least eight weeks can decrease
HbA,  in Type 2 diabetics, independently of significant
BMI changes [23], suggesting that exercise can improve
glycemic control even when no weight loss occurs.

The mechanisms responsible for exercise-stimulated
glucose uptake by skeletal muscles involve improve-
ment in insulin sensitivity and increase in the availabili-
ty of glucose transporter 4 [24,25], enhancement of mi-
tochondrial function [26], activation of AMP-activated
protein kinase, ATP turnover and feedback signaling
[27], increase in nitric oxide levels with resultant va-
sodilatation and greater glucose delivery to the muscles
[28], and increase in muscle temperature [29].

Finally, the present study should be viewed in light
of some limitations, such as a relatively small number
of participants and the lack of controls and randomiza-
tion. However, this study has several strengths. It is the
first study to compare the effects of HIIT and MICT on
PAI-1 in patients with Type 2 diabetes. Also, the exer-
cise protocols in this study were designed according to
the FITT principle for exercise prescription, as reported
by the American College of Sports Medicine.

Conclusion

MICT could be equally effective as HIIT in redu-
cing circulating PAI-1 and HbAlc in obese women
with Type 2 diabetes, even if no changes in BMI occur.
Our findings suggest that the less strenuous MICT may
be preferable for inducing fibrinolytic and glycemic be-
nefits, particularly in obese Type 2 diabetic women who
may be physically unfit. Nevertheless, future research
is warranted to confirm our findings.
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