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Introduction

Abstract

Type 2 diabetes (T2D) is a global burden and its prevalence increases rapidly, it is described as non-insulin dependent genetically 
inherited disorder, which leads to complications in patients characterized by deficiency or ineffective of the insulin released in those 
patients. Studies have shown than performing aerobic daily has been effective in controlling glycosylated hemoglobin A1c (HbA1c) 
in T2D patients. In this study, HbA1c, fasting and post-prandial blood sugar were estimated in newly diagnosed male patients 20-
40 year in Taif city, 40 participants were recruited and allocated equally to one of the two groups: aerobic exercise group or control 
group. After 8 weeks HbA1c, fasting and post-prandial blood sugar were estimated again. Our results showed significant (P< 0.05) 
decrease in HbA1c in the aerobic exercise group. This is consistence with other studies that showed performing aerobic daily have 
positive effect on HbA1c in T2D patients. 
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Type 2 diabetes previously described as non-insulin dependent 
and a genetically inherited disorder, which lead to complications in 
patients characterized by deficiency or ineffective of the insulin re-
leased in those patients [1]. Type 2 diabetes is a global burden and 
it increases rapidly, prevalence of T2D is detected daily in develop-
ing and developed countries worldwide [1,2]. Diabetes is one of 
the oldest disease discovered by human, as Egyptians have report-
ed diabetes long ago [2,3]. In additions, T2D consider to be meta-
bolic disorder that has various effects and generally T2D patients 
are hyperglycemic, those patients diagnosed with T2D suffer from 
many complications that can lead to mortality in many of these pa-
tients due to the high prevalence rate of T2D [4,5]. Moreover, those 
patients are vulnerable and they suffer from atherosclerotic vas-
cular disorders, complications in their organs such as in kidneys, 
eyes due to the damage in blood vessels and the nerves [2,4].

Internationally T2D inflicts a huge economic liability on health-
care providers which in turn have a great burden on countries eco-
nomics [4,6]. In 2011, there were more than 360 million and this 
number of cases will expand to about 440 million to the year 2030 
[7]. World Health Organization has ranked Saudi Arabia as the sec-
ond in number of diabetes patients among middle eastern coun-
tries and seventh globally, moreover Saudi men were ranked the 
second after Bahrain between middle-eastern countries in number 
of incidence of T2D [8,9]. Moreover, Saudi Arabia were ranked the 
fourth in the world in number of type 1 diabetes globally [10]. It 
was reported in 1992 by Saudi ministry of health that T2D cases 
was less than one million, however, this number has expanded to 
about 2.5 million cases in 2010 [11].

Glycated hemoglobin A1c is recognized as an important indica-
tor to detect the average blood glucose [12], it was recommended 
in 1976 to be used for T2D patients [13]. The standard level to iden-
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tify the individual as diabetic when HbA1c is ≥6.5% [12]. Glycated 
hemoglobin A1c is a form of hemoglobin covalently non enzymati-
caly condensatted with glucose. This occurs when glucose in the 
blood react and bound with the exposed hemoglobin by glycation 
process, where glycated N‐terminal residue of hemoglobin β chain 
is measured [14]. 

Active life and exercise are essential and are the keystones for 
T2D control. For patients with T2D, performing aerobic daily has 
been suggested, this is due to the recognized effects upon insulin 
sensitivity and glucose tolerance. However, not all T2D patients 
perform aerobic activities and achieve these suggestions [15]. 

According to a study performed by Liubaoerjijin., et al [16], per-
forming exercise activity can lead to marked reduction in HbA1c 
in patients with T2D. Our study will be done in Taif city, the city is 
considered as a high-altitude with about 1800 meters above sea 
level, several studies have confirmed that high-altitude can have 
several effects on human body that are different from normal-alti-
tude cities [17-22], therefore, our aim was to determine the influ-
ence of aerobic activities on improving glycemic control of newly 
diagnosed patients with T2D type 2 diabetics in Saudi people liv-
ing in Taif.

Subjects

Forty male subjects were recruited from King Abdel Aziz hos-
pital, Taif, KSA. All participants have been given written informed 
consent to take part in the study. The study has obtained approval 
from research ethical committee of the Taif University. The target-
ed participants were as follows: recognized type 2 diabetes (< 6 
months duration), have not started injecting insulin with an inac-
tive lifestyle, males aged between 20 to 40 years. Suitable subjects 
assigned when they did not show any type 1 T2D complications. 
Then 20 participants were allocated to aerobic exercise (AE) group 
or control group. The descriptive characteristics of the partici-
pants are given in Table 1. 

Material and Methods

Physical  
characteristic

Control 
group 

Mean ± SD 
(n=20)

Study 
group 

Mean ± SD 
(n=20)

t -value P-value

Age (year) 29 ± 5.1 28 ± 4.1 0.68 0.17
Height (cm) 163 ± 5 164 ± 7.2 0.51 0.61

Body weight 
(Kg)

59 ± 5.6 58 ± 6.2 0.53 0.59

Body mass 
index (Kg/m2)

22 ± 3.2 22 ± 2.2 0.00 0.99

Average dura-
tion of diabe-
tes (month)

5.2 ± 0.77 4.8 ± 0.6 1.83 0.07

Table 1: Patients demographic data of control and study group.

Exercise protocols

•	 Aerobic exercise group (AE): Supervised aerobic ex-
ercise was carried out by the patients for 8 weeks. The 
exercise was performed weakly for three non-construc-
tive days on cycle ergometers (Daum® fitness 3, Furth, 
Germany). Each training session included warm up (5 
min), cycling (5 min) and cool down (5 min). In order to 
calculate the patients’ heart rate at a specific percentage 
of training intensity, Karvonen-Formula was used [23].

•	 Control group: There was no training instruction given 
to the subjects of the control group during the study while 
they were using their medications. 

•	 Parameters: Three analytes were analyzed at baseline 
before the training program and at the eighth week at the 
end of the program. These analytes include HbA1c, fasting 
blood sugar (FBS) and post-prandial blood sugar (PPBS) 
using Nyco Card HbA1c test (NycoCard reader II, Axis 
Sheild PoC), glucometer (Elegance CTX-10) respectively.

•	 Statistical Analysis: Results are described as group 
mean ± standard deviation. Paired t-test was applied to 
detect the differences between the groups using SPSS 
Software (SPSS 16.0). Statistical significance of pre- and 
post- training program is indicated as P ≤ 0.05 level.

Results

Forty T2D patients were evaluated in the study. After random-
ization, there were 20 participants in the study group and 20 in the 
control group. As reported in Table (1), the mean age of the control 
group who were not involved in the training program was 29 ± 5.1 
year, while the mean age of the study group was of 28 ± 4.1 year. 
The mean duration of T2D (months) for control group was 5.2 ± 
0.77 and that for study group was 4.8 ± 0.6. Regarding the level of 
HbA1c in control group, it was 6.30 ± 1.2 and on the study group, it 
was 7.19 ± .93. However, the difference between control group and 
study group was no significant in all factors that might affect the 
outcome of our study such as age, height, body weight, body mass 
index (BMI), duration of diabetes, and the level of HbA1c.

The mean values comparison of the study and control groups 
for the three parameters at baseline showed that there was no 
significant difference between the mean values of both groups as 
presented in the Table 2. On the other hand, on comparison of the 
parameters of the two groups at 8th week, the results indicated 
that there was a significant difference in the mean value of HbA1c 
between the two groups (P<0.001). The mean value of glycosylated 
hemoglobin showed a mean reduction of 2.27% in the study group 
whereas PPBS and FBS of the two groups had no significant differ-
ence (Table 2).

Discussion Discussion

Benefits of exercise on glycaemic control are enormous [24]. 
Glycated hemoglobin A1c is considered a golden standard for gly-
cemic control in diabetes as it accurately reflects glycaemic control 
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over a period of time [25]. In a clinical setting, T2D usually pres-
ents with poor glycemic control, which increases the morbidity 
and mortality risk in the population. High HbA1c concentrations 

In the present study, aerobic exercise with standard care had an 
anti-glycation effect, which resulted in a mean reduction of HBA1c 
levels in the study group by 2.27%. Increase in HbA1c is associ-
ated with risks of lower extremity amputation in type 2 diabetes 
[27]. With every one per cent increase in HbA1c levels, there is a 
substantial increase in risk of lower extremity amputation [28]. A 
prospective study of 10 year duration found that peripheral neu-
ropathy was an independent indicator of lower extremity amputa-
tion in type 2 diabetes [28].

Parameters Control group 
Mean ± SD

Study group 
Mean ± SD t -value P-value Sig.

Baseline HbA1c 8.02 ± 1.47 8.37 ± 1.92 0.64 0.52 NS
FBS 137.17 ± 41.14 142.42 ± 48.51 0.36 0.71 NS

PPBS 217.13 ± 40.58 214.82 ± 42.73 0.17 0.86 NS
At 8 weeks HbA1c 8.03 ± 1.46 6.1 ± 1.4 4.26 <0.001 S

FBS 141.58 ± 20.45 131.41 ± 23.61 1.45 0.15 NS
PPBS 202 ± 33.11 190 ± 33.26 1.14 0.26 NS

are associated with an increased risk of developing diabetic periph-
eral neuropathy and may also impose risks of developing diabetic 
retinopathy and nephropathy in due course of time [26].

Table 2: Parameters values for study and control groups before and after 8 weeks.

There is a chance of hypoglycemia related fear as a result of 
the increased use of diabetes intensive therapy such as multiple 
insulin injections. This may affect the ability of the current medica-
tion to achieve and maintain the optimal glucose levels [27,29]. On 
the contrary, more prudent use of exercise with standard care as a 
therapy, this reduces the hypoglycemia risk, extends the period of 
the glycemic control, and hence reduces the risk of T2D complica-
tion.

The findings of the current research revealed that aerobic ex-
ercise of eight weeks duration even in high-altitude cities like Taif 
may be an imperative line of therapy for achieving glycaemic con-
trol for newly diagnosed patients with T2D.

Conclusion and Limitations

Our findings of the current research were consistent with 
other studies [16,30] and revealed that aerobic exercise even in 
high-altitude cities like Taif may be an imperative line of therapy 

for achieving glycaemic control for newly diagnosed patients with 
T2D. This was clear when HbA1c has reduced significantly in T2D 
patients who performed aerobic exercises for eight weeks.

Our study limitations are the small study group of 40 partici-
pants only. Moreover, all participants were male and for future di-
rections involving females is essential. All participants are from Taif 
city which is a high-altitude city, therefore, recruiting participants 
from normal-altitude cities can be more descriptive.
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