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IMPROVES BLOOD GLUCOSE IN WOMEN WITH TYPE 2 DIABETES
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Summary

Introduction: Current international guidelines recommend a range of 150-300 min per week of moderate physical acti-
vity/exercise in adults with type 2 diabetes. However, type 2 diabetic patients, particularly obese women, may fail to adhere
to these guidelines because of reduced functional capacity or lack of time due to household responsibilities. Therefore, this study
aimed to investigate the effect of low-volume, moderate-intensity aerobic exercise of < 150 min/week on average blood glucose
in type 2 diabetic women.

Material and methods: Twenty-two obese women with type 2 diabetes were assigned to an exercise group (n, = 10, age =
41 +2.92 years, body mass index (BMI) = 35.22 +2.59 kg/m?) and a control group (n, = 12, age = 44 +6.87 years, BMI = 36.75
+5.69 kg/m?). Patients in both groups received oral antidiabetic medications, and only patients in the exercise group received
supervised moderate-intensity treadmill walking at 65-75% of peak heart rate (HRpeak) for 30 minutes/session, 3 days/week,
and 8 weeks. A 5-10-min warm-up and a 3-5-min cool-down period of low-intensity walking were combined with the 30-min

work phase of the exercise session. A symptom-limited maximal exercise test was performed to determine the HR .- Average

blood glucose was estimated from glycosylated haemoglobin.

Results: There were statistically significant reductions in estimated average blood glucose levels in the exercise group com-

pared to the baseline (p < 0.001) and to the controls (p = 0.040).

Conclusions: Combined with oral antidiabetic therapy, an 8-week moderate-intensity walking exercise program, with we-
ekly duration lower than that recommended by the international guidelines, could induce significant reductions in blood glucose
levels in middle-aged obese women with type 2 diabetes and seems to be a better choice than no exercise at all.
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Introduction

Diabetes mellitus (DM) is a global health problem,
with 537 million cases of DM were estimated worldwi-
de in 2021 [1]. Type 2 DM is the most common type of
DM and accounts for 90% of all cases of DM around the
world[1]. This prevalence of DMis goingtoincrease over
the next years, with the greatest growth being in lower-
income countries [1]. In Egypt, the 10% highest age-
adjusted diabetes prevalence worldwide was reported
[2]. Women with type 2 diabetes have 25-50% incre-
ased risk of cardiovascular diseases (CVD) than diabe-
tic men because women have a lower physical activity
level and develop diabetes at a higher body mass in-
dex (BMI) than their male counterparts with diabetes,
which means that women are subjected to excess body

fatness and co-existing cardiovascular risks for a lon-
ger duration than men before developing type 2 dia-
betes [3].

Hyperglycaemia is a major risk factor for CVD and all-
cause mortality in patients with type 2 diabetes. Treat-
ment interventions that reduce hyperglycaemia to near-
normal levels could prevent cardiovascular events and mor-
tality of type 2 diabetic patients [4]. Exercise therapy is an
effective intervention for normalizing blood glucose levels
and reducing the risk of cardiovascular disease in patients
with type 2 diabetes [5]. Current guidelines for the manage-
ment of type 2 diabetes consider physical exercise training
to be an essential component of the management plan,
and recommend a minimum of 150 minutes up to 300 min
of moderate-intensity activity per week [6]. However, many
patients with type 2 diabetes, particularly obese women,
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may be unable to meet the recommended exercise volume
because of reduced cardiopulmonary fitness [3], or because
of time constraints owing to household activities or family
commitments. Therefore, the purpose of this study was to
investigate the effect of low-volume, moderate-intensity
aerobic exercise training, defined as moderate-intensity
exercise of < 150 minutes/week, on estimated average glu-
cose in obese type 2 diabetic women. The results of this
study may aid health professionals interested in exercise
therapy of type 2 diabetes.

Material and methods
Ethical considerations

This study was conducted according to the Helsinki
Declaration and approved by the Ethics Committee of
Scientific Research of the Faculty of Physical Therapy
at Cairo University (Approval No.: P.T.REC/012/004119).
Patients gave their written consent prior to participa-
tion in this research.

Subjects

Twenty-two women with type 2 diabetes were re-
cruited for this study. Patients were assigned to either
an exercise group (n, = 10) or a non-exercising control
group (n, = 12). For patient selection, a thorough medical
history was taken, and patients were selected according
to certain criteria. Inclusion criteria were type 2 diabetic
women diagnosed by glycosylated haemoglobin (HbA, )
> 6.5%, age 30-50 years, obese patients with BMI
> 30 kg/m?, and patients under oral hypoglycaemic
agents. Exclusion criteria were male patients, pregnan-
cy, patients with regular exercise habits, and/or patients
with cardiopulmonary, neurological, or musculoskeletal
limitations to exercise training. Patients in both groups
received oral antidiabetic medications and maintained
their usual lifestyle throughout the study. No dietary in-
tervention was included in this study.

Measurements

Anthropometric measurements

Body weight, height, and waist circumference were me-
asured at baseline. The body mass index (BMI) was calcu-
lated as BMI = body weight (kg)/height in metres squared.

Estimated average glucose

The glycosylated haemoglobin was measured for
all patients, and the average blood glucose was esti-
mated at baseline and after 8 weeks according to this
equation: estimated average glucose [eAG] in (mg/dl) =
28.7 x HbA _—46.7 [7].
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Incremental exercise test

Prior to exercise intervention, the eligibility for exer-
cise testing/training was checked and a symptom-limi-
ted maximal treadmill exercise test was performed ac-
cording to the modified Bruce protocol [8, 9]. Compared
with the original Bruce protocol that has 5 stages and
begins with a speed of 1.7 miles/hour at an inclination
of 10% (stage 1), the modified protocol has 7 stages and
starts at a zero inclination with a speed of 1.7 miles/
hour (stage 0) and then increases to a 5% inclination
at the same speed (stage 0.5) [9]. Patients underwent
the test safely and stopped because of maximal exer-
tion. The peak heart rate (HRpeak) was recorded immedia-
tely after the end of the test using a fingertip pulse oxi-
metry. The baseline HR . was needed for the calculation
of the target heart rate (THR).

Interventions
Exercise training intervention

The exercise training was prescribed to the patients
in the intervention group using the “FITT” principle
of exercise prescription laid down by the American Col-
lege of Sports Medicine [10], as follows:

» frequency — patients exercised for 3 days/week
on alternate days;

intensity — the intensity of the working phase of exer-
cise was set at a THR of 65-75% of HRpeak, determi-
ned from the incremental exercise test. The THR was
monitored during exercise sessions by a fingertip
pulse oximetry. The speed of the treadmill was ad-
justed to make the patients achieve their THR. A low
intensity walking at a THR of <60% HR _, was set for
the warm-up and cool-down phases of exercise;
time (duration) — the time of session was < 45 minutes
(5-10 minutes warm-up, 30 min working phase, and
3-5 min cool-down). The moderate-intensity exercise vo-
lume = frequency of sessions x actual duration of mode-
rate-intensity exercising = 3 days/week x 30 minutes =
90 minutes/week, which is < 150 minutes per week.
The total duration of exercise program was 8 weeks;

* type/mode — continuous treadmill walking exercise.

Antidiabetic drug therapy

Patients in both groups were on oral hypoglycemic
medication throughout the entire period of the study.

Statistical analysis

Unpaired t-test was used to analyse the data betwe-
en the 2 groups at baseline. A paired t-test was used
to analyse the changes in eAG means within each gro-
up after the intervention. A one-way ANCOVA test was
used to assess the difference in the postintervention
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eAG means between the 2 groups after adjusting for the
baseline differences in eAG means between the 2 groups
[11, 12]. Descriptive statistics were used to present the
data as means + standard devision. P-values < 0.05 were
considered statistically significant. GraphPad prism soft-
ware was used for statistical analysis.

Results

The baseline age and anthropometric characteri-
stics of the patients in the 2 groups are shown in Table 1.
As shown in Table 1, there was no statistically signifi-
cant difference in the anthropometric characteristics
between the 2 groups. As shown in Table 2, there was
a statistically significant reduction in average blood glu-
cose compared to the baseline values in the exercise
group only (paired t test, p < 0.001) (Fig. 1, Tab. 2). There
was also a statistically significant difference in the eAG
means between the 2 groups after the intervention in
favour of the exercise group (ANCOVA test, p = 0.040)
(Fig. 1, Tab. 2).

Discussion

The main findings of this study are as follows:

* low-volume, moderate-intensity exercise (i.e. < 150 mi-
nutes/week) combined with oral hypoglycemic therapy
induced a highly statistically significant reduction in
estimated average blood glucose (eAG) compared to
the baseline value (p < 0.001);

Table 1. Baseline anthropometric and clinical characteristics

* the statistically significant improvement in eAG re-
ported in the exercise group was clinically meaning-
ful; the eAG reduced significantly from 187.3 £18.29
to 147.7 £10.50 mg/d|, which corresponds to a 1.4%
reduction in HbA,. For each 1% reduction in HbA,,
there is an 18% reduction in cardiovascular risk [13]
and a 37% decrease in micro-vascular complications
[14] in patients with type 2 diabetes;

» compared to the non-exercising control group, the
low-volume, moderate-intensity aerobic exercise in
addition to oral hypoglycemic medication induced
significantly greater improvement in eAG in type 2
diabetic women.

Our results are supported by a recent meta-analysis
by Pan et al. [15] which has shown that supervised
aerobic exercises significantly reduced HbA,. and fasting
blood glucose compared to no exercise. Our results are
also consistent with a very recent study, which has
shown that moderate aerobic exercises are capable of
inducing significant improvements in blood glucose le-
vels in type 2 diabetes [16]. In addition, a single session
of moderate-intensity exercises was enough to produ-
ce a significant reduction in blood glucose in patients
with type 2 diabetes, particularly in patients with excess
body fatness and worse glycaemic control [17]. Further-
more, a cross-sectional study by Park et al. [18] showed
that the moderate aerobic exercise can reduce the risk
of poor glycaemic control by 0.317 times [18].

Physical exercise training stimulates muscle blood
glucose uptake through insulin-dependent and insulin-
independent pathways [19]. The cellular mechanisms

Parameters Exercise group Control group p
(n, = 10) (n,=12)

Age [years] 41 +2.92 44 +6.87 0.2140

Body weight [kg] 87.58 +6.16 88.57 +14.32 0.8413

Height [cm] 157.7 £2.05 155.28 £6.74 0.2886

Body mass index [kg/m?] 35.22 +2.59 36.75 £5.69 0.4427

Average blood glucose 187.30 £18.29

[mg/dl]

146.67 +37.86 0.006™*

Data are presented as means +SD. ** significant p < 0.05 from the unpaired-t test.

Table 2. Results of estimated average glucose in the 2 groups before and after the intervention

Outcome measure

Exercise group

Control group Exercise vs. Control

(n, = 10) (n,=12) p
Estimated average Pre 187.3 £18.29 146.7 £37.86 0.006**
glucose [mg/dl] ~po 147.7 £10.50 165.8 +38.80 0.040%
p <0.001* 0.1430
Absolute mean change [mg/dl] -39.6 19.16
Relative mean change (%) 121.14 113.06

Data are presented as means +SD and as absolute and percent mean changes. * significant p < 0.05 from the paired-t test. ** significant p-value < 0.05

based on the unpaired t-test.% significant p-value based on the ANCOVA test.
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Fig. 1. Mean values of estimated average glucose before
and after the intervention

responsible for exercise-induced glucose uptake could

be as follows:

* exercise-induced improvement in insulin sensitivity.
Moderate-intensity exercise has been found to im-
prove insulin sensitivity within skeletal muscles [20];

* exercise-induced enhancement in mitochondrial
function. Patients with type 2 diabetes have been
shown to have damaged or dysfunctional mitochon-
dria, which has been associated with insulin resi-
stance [21]. Exercise training restores mitochondrial
dysfunction found in type 2 diabetes partly due to
increased mitochondrial content, which has been
linked with enhanced insulin sensitivity and insulin-
-mediated glucose disposal [22];

 exercise-induced increased availability, transloca-
tion, and expression of glucose transporter 4 (GLUT4).
Aerobic exercise training has been reported to in-
crease GLUT4 protein levels within the muscles [23].
Physical exercise is a potent stimulus to increase
GLUT4 translocation and expression within skeletal
muscles, contributing to improved insulin action and
enhanced glucose disposal [24];

* exercise-induced activation of 5’ adenosine mono-
phosphate-activated protein kinase (AMPK). Muscle
contractions increase AMPK activity — this enzyme
plays a major role in stimulating blood glucose upta-
ke by the working muscles [23, 25];

* nitric oxide-mediated blood glucose uptake. Mode-
rate-intensity exercise increases the bioavailability
of nitric oxide [26], which plays an important role in
the regulation of glucose uptake by muscles during
exercise in patients with type 2 diabetes [24, 27].
Nitric oxide stimulates blood glucose uptake by ske-
letal muscles through modulation of blood flow (i.e.
glucose delivery) or by regulation of intramuscular
signalling involved in translocation of GLUT4 [28];

* calcium (Ca?) ion-induced glucose uptake. It has
been reported that Ca?* ions released during muscle
contraction indirectly mediate glucose uptake thro-
ugh the increased energy expenditure needed for
the action of Ca?* pumps in the sarcoplasmic reticu-
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lum [23]. However, Jensen et al. [25] have suggested
that sarcoplasmic reticulum Ca?* plays no role in mu-
scle contraction-stimulated glucose uptake;

« exercise-induced increased muscle temperature
could play a role in glucose uptake regulation. There is
evidence suggesting that the increased muscle tem-
perature can directly stimulate glucose uptake by the
muscle, partly, through the activation of AMPK [29];

« actin cytoskeleton reorganization within the muscles
during physical exercise. The actin cytoskeleton is
a composition of actin filaments with their accessory
and regulatory proteins. The contraction/relaxation
of muscle fibres during exercise leads to reorganiza-
tion of the actin cytoskeleton, which modulates in-
sulin signalling for GLUT-4 translocation, resulting in
enhancement of glucose uptake by the muscles [19];

 a potential role of exercise-induced hypoxia in the
regulation of blood glucose uptake. Heinonen et al.
[30] have shown that moderate hypoxia during exer-
cise increased glucose uptake by the muscles; how-
ever, this effect is yet to be confirmed;

« exercise-induced adenosine triphosphate turnover
and mechanical stress feedback signalling has also
been found to stimulate skeletal muscle glucose
uptake [25].

Interestingly, the remarkable reductions in average
blood glucose seen in the exercise group, compared to
the baseline and the control group, occurred without
dietary co-intervention. This finding is consistent with
the American Diabetes Association position statement,
which has reported that supervised aerobic exercise tra-
ining can reduce blood glucose levels in type 2 diabetic
patients regardless of any dietary co-intervention [31].
Limitations of this study include the relatively small num-
ber of participants. Also, a few variables were measured;
however, the exercise training protocol was designed
based on an accurate and individualized determination
of targeted exercise intensity using a symptom-limited
maximal exercise test to record patients’ actual peak
heart rate.

Conclusions

Complementary to oral antidiabetics, low-volume,
moderate-intensity exercise, performed for less than
150 minutes/week, could be successful in inducing
statistically and clinically significant reductions in ave-
rage blood glucose in women with type 2 diabetes. This
improvement can be attributed to exercise-mediated
muscle glucose uptake through several cellular mecha-
nisms recruiting insulin-dependent and insulin non-
-dependent pathways. This finding could be of great
clinical relevance for obese patients with type 2 diabe-
tes, particularly women unable to adhere to an exercise
volume of > 150 min/week as recommended by the cur-
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rent international guidelines, because of low functio-
nal capacity or lack of time to exercise. Future research
work with a large sample size and both genders may be
needed to confirm our findings.

The authors declare no conflict of interest.
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