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This study investigated the relationships among exercise capacity (EC), 
dynamic balance (DB), and gait characteristics (GCs) of patients with 
type-2 diabetes (T2D) and healthy controls (HCs). This observational 
controlled study involved 125 patients with T2D receiving treatment at a 
Nigerian university teaching hospital and 125 apparently healthy pa-
tients’ relatives and hospital staff recruited as controls. EC maximum 
oxygen consumption (VO2max) was estimated following a 6-min walk test. 
DB and GC were assessed using the Time Up to Go Test and an accel-
erometer (BTS G-Walk) assessing gait speed, step length, stride length, 
and cadence respectively during a self-selected walk. Data were ana-
lyzed using descriptive and inferential statistics. Alpha level was set at 
P< 0.05. The mean ages of patients with T2D and HCs were 57.6± 6.6 
and 60.0 ± 7.0 years, respectively. All physical characteristics were 
comparable (P> 0.05). There were significant differences in the VO2max 
and DB between patients with T2D and HCs; 7.6 ± 0.6 mL/kg/min vs. 

9.6± 0.6 mL/kg/min (t= -16.6, P= 0.001) and 14.2± 2.1 sec vs. 10.4± 1.5 sec 
(t= -6.37, P= 0.001), respectively. Furthermore, significant differences 
were found in GC between patients with T2D and HCs; gait speed: 
0.7 ± 0.1 m/sec vs. 1.2 ± 0.1 m/sec (t= -16.60, P= 0.001), step length: 
0.6± 0.2 m vs. 0.9± 0.3 m (t= -7.56, P= 0.001) and stride length: 0.9± 0.1 m 
vs. 1.1± 0.5 m (t= -6.09, P= 0.001). There were significant correlations 
between EC and gait speed in both groups (T2D: r= -0.26, P= 0.032 and 
HCs: r= 0.51, P= 0.003). In conclusion, patients with T2D demonstrated 
lower EC, unstable DB, and altered GCs compared with HCs. Exercise 
interventions to improve EC and gait balance are recommended. 

Keywords: Type-2 diabetes, Exercise capacity, Stability, Gait parame-
ters, Fall prevention  

INTRODUCTION

Chronic noncommunicable diseases (NCDs) are the leading 
causes of morbidity and mortality globally of which low and mid-
dle income countries are mostly plagued (Mather et al., 2001; 
World Health Organization, 2011). Of all NCDs, the prevalence 
of type-2 diabetes (T2D) is rapidly on the rise due to an increased 
prevalence of overweight and obesity, lifestyle changes, poor di-

etary intake, and physical inactivity (BeLue et al., 2009; World 
Health Organization, 2011).  In sub-Sahara Africa, it is estimated 
that undiagnosed T2D accounts for 60% of those with the disease 
in Cameroon, 70% in Ghana and over 80% in Tanzania (Hall et 
al., 2011). In Nigeria, more than 1.2 million people were affected 
with an estimation of about 3.8 million people having impaired 
glucose tolerance (Awotidebe et al., 2016a).   

The most common symptoms of T2D include hyperglycaemia, 
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polyuria, muscle weakness and diabetic peripheral neuropathy re-
sulting to numbness, tingling sensation in the extremities and 
consequent severe muscle impairment, neuromuscular systems 
dysfunction, easy fatigability and poor exercise tolerance (Kumar 
et al., 2005; Kumar et al., 2008). Furthermore, T2D has been re-
ported to have negative impact on locomotory systems function-
ing due to poor blood leg flow, muscular weakness, and joint pro-
prioceptive dysfunction in the lower extremities which may affect 
gait characteristics (Fulk et al., 2010).  

Gait characteristics connotes walking pattern and could be de-
scribed as the manner of walking style in relation to body sways 
during ambulation (Kirtley, 2006). It is a complex process of 
transformation of a series of controlled and coordinated motions 
occurring simultaneously at various joints of the lower extremities 
and as well as cerebral and spinal coordination which can be nor-
mal, antalgic or unsteady (Baker, 2006; Wolfson et al., 1990). Al-
though gait parameters including gait speed, step length, stride 
length, and cadence can be measured during walking, they differ 
from one person to the other (Lee and Grimson, 2002). Further-
more, altered gait parameters have been documented as important 
determinants of stability or fall during ambulation (Ostrosky et 
al., 1994).

Physical therapists often prescribe walking as a form of exercise 
for improving cardiorespiratory endurance and plasma blood glu-
cose control (Allet et al., 2010; Colberg et al., 2010). Regular 
walking has also been documented to contribute to improvement 
in muscular strength, joint flexibility and a protective mechanism 
for preventing secondary complications commonly seen in pa-
tients with T2D (Guyatt et al., 1985; Warburton et al., 2006). 
More importantly, walking enhances exercise tolerance thereby ef-
fectively improving oxygen consumption (Ozdirenç et al., 2003). 
However, it is not known whether oxygen utilization is related to 
walking pattern in patients with T2D. Furthermore, unsteady or 
imbalance gait pattern has been reported as a risk factor for falling 
in patients with T2D (Allet et al., 2010). However, only a few 
studies have examined exercise capacity, dynamic balance and 
their relationships with gait parameters in patients with T2D and 
compared with healthy controls. Investigating exercise capacity, 
dynamic balance and gait parameters in patients with T2D could 
help to understand the mechanism contributing to increased risk 
of falling among this population.  The aim of this study was to as-
sess exercise capacity, dynamic balance and relationships with spa-
tiotemporal gait parameters of patients with T2D and compare 
the parameters with that of healthy controls.

MATERIALS AND METHODS

Participants
The participants were patients with T2D who were attending 

the Medical Out-Patient Department, Endocrinology and Metab-
olism Unit of the Obafemi Awolowo University Teaching Hospi-
tals Complex (OAUTHC), Ile-Ife, Nigeria. They were included in 
the study following a clinical diagnosis of T2D, regular use of an-
ti-diabetic medications and with ability to ambulate without any 
assistive device. They were excluded from the study if presented 
with poor glycaemic control, concomitant foot ulcer, orthopaedic 
or surgical problems affecting walking ability. Furthermore, pa-
tients with comorbidity such as diabetic peripheral neuropathy, 
uncontrolled hypertension or stroke were excluded. The controls 
were age and sex-matched apparently healthy individuals recruit-
ed among patients’ relatives and hospital staff using purposive 
sampling technique. The minimum sample size for the study was 
calculated using the formula: n=Z2(p (1–p)/e2 where, n=required 
sample size, Z=z-value (z-value for 95% confidence level (1.96), 
p=the estimated proportion of an attribute that is present in the 
population, and e=the desired level of precision (i.e., confidence 
interval, expressed as decimal [0.05]) (Kasiulevičius et al., 2006). 
The prevalence (p) of any functional disability (defined as inability 
to independently perform any function) is 9.2% (Gureje et al., 
2006). Hence, a minimum of 125 patients with T2D and 125 
healthy controls resulting to a total of 250 participants were re-
cruited for this study.   

Protocol design  
This is an observational, controlled study involving 125 pa-

tients with T2D and 125 apparently healthy controls. Ethical ap-
proval for this study was obtained from the Ethics and Research 
Committee of the Obafemi Awolowo University Teaching Hospi-
tals Complex (OAUTHC) (ERC/2016/03/14), Ile-Ife, Nigeria. 
Permission to recruit patients with T2D from the Medical 
Out-Patient Department, Endocrinology and Metabolism Unit of 
the OAUTHC was sought and obtained. Patients with T2D were 
approached, the purpose of the study was explained and an in-
formed consent form was given to those who volunteered to par-
ticipate in the study. Data on socio-demographic and anthropo-
metric characteristics, clinical profile including fasting blood glu-
cose (FBG) and cardiovascular parameters were recorded.

Tests
The tests were carried out in the Gymnastic section of the 
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Physiotherapy Department of the OAUTHC, Ile-Ife, Osun State, 
Nigeria.

Assessment of FBG 
The FBG was assessed using a portable glucometer (One Touch 

Lifescan Glucometer; Johnson-Johnson Company Product, Inc., 
Milpitas, CA, USA) in order to determine the plasma blood glu-
cose level using the standard procedure (American Diabetes Asso-
ciation, 2012). A day prior to the assessment of FBG, participants 
were informed not to eat any food or drink for a minimum of 8 
hours before coming their appointment. All measurements were 
taken between 7:00 a.m. to 9:00 a.m. A FBG greater than 5.6 
mmol/L confirms the presence of diabetes.

Assessment of cardiovascular parameters
Cardiovascular parameters including heart rate, systolic and di-

astolic blood pressure were assessed using an electronic blood 
pressure device (Omron M6 Comfort IT Intellisense, Osaka, Ja-
pan) after 5 min of quiet sitting.

Assessment of exercise capacity
Exercise capacity was assessed using the 6-min walk test ac-

cording to the procedure advanced by the American Thoracic So-
ciety. Participant was instructed to walk from the starting point 
to the end at their own selected pace along a 30-m walkway while 
attempting to cover as much ground as possible in 6 min. They 
were encouraged every 30 sec in a standardized manner by saying: 
“You are doing well” or “Keep up the good work.” Participants 
were reminded of the time remaining for the completion (Adedo-
yin et al., 2010). At the end of 6-min walk distance (6-MWD), 
participant’s heart rate, systolic and diastolic blood pressures were 
recorded immediately. The distance covered was recorded to the 
nearest meter while exercise capacity (maximum oxygen con-
sumption, VO2max) was estimated using the American College of 
Sport Medicine (1995) predictive equation during level ground 
walking (Adedoyin et al, 2010; Awotidebe et al., 2016b). 

Computation
VO2max=speed (m/min)×0.1 (mL/O2/kg)+3.5 (American Col-

lege of Sport Medicine, 1995).

Assessment of dynamic balance
Dynamic balance was assessed using the Timed Up and Go 

(TUG) Test. Participants were allowed to sit on a standard and 
comfortable chair after resting for 5 min. Participant was instruct-

ed to get up and walk as quickly as possible on a 3 m level ground 
without running. Thereafter, participant was allowed to return to 
sitting position on the chair. The total duration taken to complete 
the task was recorded in seconds. The higher the value the poorer 
the dynamic balance (Wall et al., 2000).

Assessment of gait parameters
The spatiotemporal gait parameters including gait speed, step 

length, stride length, and cadence were assessed using an acceler-
ometer; the BTS G-Walk, a locomotory analysis tool software 
(BTS SpA, Via della Croce Rossa, 11 Padova, Italy; SN: 0213-
0378) during a self-selected walk along an 8-m pathway (Pau et 
al., 2014). The G-walk is a wireless system consisting of an iner-
tial sensor composed by a triaxial accelerometer, a magnetic sen-
sor, and a triaxial gyroscope. It was positioned at the 5th lumbar 
spine and wrapped around the waist level of each participant with 
a semielastic belt during a self-selected walk. The G-walk has a 
G-sensor with a Bluetooth device which was used to transfer sig-
nal motions during the self-selected walk to a computer (HP 
model) for which BTS G-walk software has been installed. The 
gait parameters generated by the BTS G-walk device was sent to 
the laptop computer via a small Bluetooth device fixed on the lap-
top. The selected gait parameters during the level corridor walk 
were recorded, analyzed, and retrieved from the laptop computer.  

Statistical analysis
Data were summarized using descriptive statistics of frequency, 

percentage, mean and standard deviation. Inferential statistics of 
paired t-test was used to compare male and female patients with 
T2D as well as healthy controls. Pearson moment correlation was 
used to determine the relationship among exercise capacity, dy-
namic balance and gait parameters. Alpha level was set at 
P<0.05. The IBM SPSS Statistics ver. 19.0 (IBM Co., Armonk, 
NY, USA) was used to perform statistical analyses.

RESULTS

Table 1 shows the socio-demographic characteristics of patients 
with T2D and healthy controls. There were more women than 
men in both groups and a majority were in the middle age. Less 
than a fifth of the respondents had monthly income greater than 
₦100,000 while more than half, 69 of the patients with T2D 
(55.2%) had onset of diagnosis of diabetes less than 5 years. The 
mean ages of patients with T2D and healthy controls were 
57.6±6.6 and 60.0±7.0 years, respectively and they were com-
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parable in all physical characteristics (P>0.05). There were signif-
icant differences in clinical profile between patients with T2D and 
healthy controls in FBG and systolic blood pressure: 7.6±1.4 
mmol/L vs. 5.5±1.1 mmol/L (t=-14.4; P=0.001) and 128.6±  
5.6 mmHg vs. 122.3±7.5 mmHg (t=- 2.58, P=0.043).

There were significant differences between patients with T2D 
and healthy controls in 6-MWD and estimated VO2max were 
6-MWD: 237.1±34.8 m vs. 361.0±35.1 m (t=-15.39, P=0.001) 
and VO2max: 7.6±0.6 mL/kg/min vs. 9.6±0.6 mL/kg/min (t= 
-16.16, P=0.001), respectively. Furthermore, significant differ-
ences were observed between patients with T2D and healthy con-
trol in gait parameters; gait speed: 0.7±0.1 m/sec vs. 1.2±0.1 m/
sec (t=-16.60, P=0.001), step length: 0.6±0.2 m vs. 0.9±0.3 m 
(t=-7.56, P=0.001), stride length: 0.9±0.1 m vs. 1.1±0.5 m 
(t=- 6.09, P=0.001). Significant higher duration of dynamic bal-
ance test was observed in patients than healthy controls: 14.2±2.1 
sec vs. 10.4±1.5 sec (t=-6.37; P=0.001), respectively (Table 2).

Table 3 shows comparison of physical characteristics between 
male and female patients with T2D. There was no significant dif-
ference between male and female patients in age and all physical 
characteristics except height; 1.7±0.1 m vs. 1.6±0.1 m (t=4.66, 
P=0.001), respectively. There was no significant difference in 
6-MWD, VO2max, gait parameters and dynamic balance between 
male and female patients with T2D (P>0.05). There were signif-
icant correlations in both patients with T2D and healthy controls 

Table 1. Socio-demographic characteristics of participants (n= 250)

Variable Patients (n= 125) Control (n= 125)

Sex 
   Male 57 (45.6) 55 (44.0)
   Female 68 (54.4) 70 (56.0)
Age group (yr)
   40–60 71 (56.8) 80 (64.0)
   > 60 54 (43.2) 45 (36.0)
Occupation 
   Artisan/farmer 68 (54.4) 12 (9.6)
   Civil servant 21 (16.8) 88 (70.4)
   Retiree 36 (28.8) 25 (20.0)
Marital status 
   Married 78 (62.4) 64 (51.2)
   Divorced 13 (10.4) 28 (22.4)
   Widow/widower 34 (27.2) 33 (26.4)
Level of education 
   Nonformal /primary 30 (24.0) 22 (17.6)
   Secondary 73 (58.4) 62 (49.6)
   Tertiary 22 (17.6) 41 (32.8)
Monthly income 
   <₦50,000 46 (36.8) 44 (35.2)
   ₦50,000–100,000 63 (50.4) 59 (47.2)
    >₦100,000 16 (12.8) 22 (17.6)
Onset of diagnosis
   < 5 yr 69 (55.2) -
   ≥ 5 yr 56 (44.8) -

Values are presented as number (%).
₦= Naira (Nigerian currency).

Table 2. Comparison of age, physical characteristics, gait parameters, clinical profile, and exercise capacity of patients with type-2 diabetes and healthy controls 

Variable Patient (n= 125) Control (n= 125) t-cal P-value

Age (yr) 57.6± 6.6 60.0± 7.0 -1.60 0.118
Weight (kg) 70.3± 10.2 68.5± 10.4 0.77 0.448
Height (m) 1.7± 0.1 1.7± 0.1 -0.30 0.976
BMI (kg/m2) 25.6± 4.3 24.8± 4.1 0.67 0.505 
FBG (mmol/L) 7.6± 1.4 6.5± 1.1 -14.4 0.001*
SBP (mmHg) 128.6± 5.6 122.3± 7.5 -2.58 0.043*
DBP (mmHg) 82.6± 4.6 80.7± 7.0 -0.19 0.617
HR (bpm) 82.1± 5.7 81.6± 7.0 -0.05 1.248
6-MWD (m) 237.1± 34.8 361.0± 35.1 -15.39 0.001*
Est.VO2max (mL/kg/min) 7.6± 0.6 9.6± 0.6 -16.16 0.001*
DB (sec) 14.2± 2.1 10.4± 1.5 -6.37 0.001*
Gait speed (m/sec) 0.7± 0.1 1.2± 0.1 -16.60 0.001*
Step length (m) 0.6± 0.2 0.9± 0.3 -7.56 0.001*
Stride length (m) 0.9± 0.1 1.1± 0.5 -6.09 0.001*
Cadence (step/min) 97.8± 15.6 101.7± 8.4  -1.07 0.292

Values are presented as mean± standard deviation.
BMI, body mass index, FBG, fasting blood glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate, 6-MWD, 6-min walk distance, Est.VO2max, esti-
mated maximum oxygen consumption; DB, dynamic balance. 
*P< 0.05
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between exercise capacity (VO2max) and each of gait parameters; 
speed (patient: r=0.26, P=0.032 and control: r=0.51, P=0.003). 
Similarly, there was significant correlations between exercise ca-
pacity (VO2max) and 6-MWD in both groups; patient (r=0.75, 
P=0.001 and healthy controls: (r=0.86, P=0.001). However, 
significant negative correlation was found between exercise capac-
ity and body mass index in both in groups; patients: (r=-0.25, 
P=0.014 and healthy control: (r=-0.32, P=0.002) (Table 4). 

DISCUSSION

This study investigated the relationship among exercise capaci-
ty, dynamic balance and gait characteristics of patient with T2D 
and compared with apparently healthy controls. Findings from 
our study showed that the 6-MWD between patients with T2D 
and healthy controls varied considerably with significant statisti-
cal difference. This is consistent with the findings of some previ-
ous study that patients with T2D have reduced walking capacity 
(Adeniyi et al., 2010; Awotidebe et al., 2014). Reasons for the dif-
ferences in the 6-MWD between patients and controls may be as 
a result of underlying pathologies associated with T2D which may 
include effects of hyperglycemia on supra-spinal activities, easy fa-

tigability, poor blood leg supply and proprioceptive dysfunction 
in the lower limbs during ambulation (Petrofsky et al., 2005; 
Wallace et al., 2002). However, comparison of 6-MWD in our 
study with that of patients with heart failure showed that the 
6-MWD is far less than what is obtained in patients with cardiac 
challenges (Adedoyin et al., 2010; Cahalin et al., 2013).  Perhaps, 
it implies that patients with T2D may have lower cardiopulmo-
nary endurance compared to other patients with chronic diseases. 
Although reference values for 6-MWD in healthy individuals pro-
vided wide range of values, several factors but not limited to age, 
sex, weight, height, disability, and test familiarization may possi-
bly influence the result of 6-MWD in patients with chronic dis-
eases including T2D (Adeniyi et al., 2010; McKelvie et al., 2002).

Exercise capacity (VO2max) is a function of cardiorespiratory fit-
ness and a strong determinant of survival in chronic diseases in-
cluding T2D. Findings from our study showed that the estimated 
VO2max is lower in patients with T2D compared to healthy con-
trols. This is in agreement with findings of some previous studies 
that patients with T2D have lower exercise capacity (Awotidebe 
et al., 2014; Fang et al., 2005). The reduction in exercise capacity 
of patients with T2D may be linked to poor glucose metabolism. 
A study provided laboratory evidence that the transporter protein 
GLUT4 expression at the plasma membrane is related to fibre 
volume in human skeletal muscle fibres (De Rekeneire et al., 
2003). Similarly, poor glycemic control in patients with T2D has 
been associated with increased stiffness of large conduit vessels. 
The compliance of the aorta plays significant role in modulating 
coronary artery blood flow which has important consequences for 
myocardial work capacity and, therefore, leading to reduced exer-
cise capacity (Fang et al., 2005). Furthermore, there is growing 
body of evidence to suggest that body’s capability to utilize oxy-

Table 3. Comparison of age, physical characteristics, clinical profile, gait pa-
rameters, and exercise capacity of male and female patients with type-2 dia-
betes

Variable Male (n= 57) Female (n= 68) t-cal P-value

Age (yr) 57.0± 7.5 58.2± 5.8 -0.62 0.542
Weight (kg) 71.3± 11.7 69.4± 8.5 0.58 0.566
Height (m) 1.7± 0.06 1.6± 0.1 4.66  0.001*
BMI (kg/m2) 24.6± 4.3 26.5± 3.5  -1.59 0.126 
FBG (mmol/L) 7.3± 1.3 7.4± 1.6 -0.26 0.451
SBP (mmHg)  129.4± 4.7 128.3± 6.6 -0.26 0.152
DBP (mmHg) 81.6± 3.4 80.5± 6.0  -0.24    0.421
HR (bpm) 82.5± 7.5 81.8± 6.2 -1.05    0.129
6-MWD (m) 238.2± 34.9  242.7± 36.3 -0.49 0.851
Est.VO2max  
   (mL/kg/min)

7.5± 0.6 7.6± 0.82  -0.49 0.851

DB (sec) 13.2± 1.8 13.3± 1.6 -0.42 0.382     
Gait speed (m/sec) 0.7± 0.1  0.7± 0.1 -0.55 0.589
Step length (m) 0.7± 0.4 0.8.6± 0.3 0.36 0.721
Stride length (m) 1.1± 0.4 1.0± 0.3 1.39 0.180
Cadence (step/min) 99.6± 14.8  98.2± 12.8  -0.13 0.900

Values are presented as mean± standard deviation.
BMI, body mass index, FBG, fasting blood glucose; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; HR, heart rate, 6-MWD, 6-min walk distance, Est.VO-
2max, estimated maximum oxygen consumption; DB, dynamic balance. 
*P< 0.05.

Table 4.  Relationships between exercise capacity and gait characteristics of 
patients with type-2 diabetes and healthy controls

Variable
Exercise capacity

Patients Control

Step length (cm) -0.10 (0.546) -0.16 (0.215)
Stride length (cm) -0.20 (0.202) -0.11 (0.308)
Cadence (step/min) -0.11 (0.495) -0.42 (0.031)*
Gait speed (m/sec) 0.26 (0.032)* 0.51 (0.003)*
DB (sec) 0.31 (0.051) 0.43 (0.060)
6-MWD (m) 0.75 (0.001)** 0.86 (0.001)**
BMI (kg/m2) -0.25 (0.014)* -0.32 (0.002)*

 DB, dynamic balance; 6-MWD, 6-min walk distance; BMI, body mass index.
Values are presented as r (P-value).
*P< 0.05. **P< 0.01.
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gen in patients with T2D is compromised due to poor blood per-
fusion of muscles at cellular level and consequent reduction in ex-
ercise capacity (Awotidebe et al., 2014; Kingwell et al., 2003). It 
is possible that low exercise capacity impacted negatively on mus-
cular functioning causing an increased muscle weakness and pro-
gressive deconditioning in patients with T2D resulting to an un-
precedented abnormal gait performance and consequently higher 
risk of falling during ambulation.  

Gait speed is one of the most widely reported spatiotemporal 
gait parameters involving gait studies (Allet et al., 2010). Find-
ings from our study show that patients with T2D demonstrated 
slower gait speed than healthy controls. This finding corroborates 
the reports of previous studies that gait speed and functional ca-
pacity decline occurred more in patients with T2D compared to 
healthy individuals (Mantovani et al., 2015; Volpato et al., 2012). 
Furthermore, there is evidence to suggest that development of 
joint stiffness and poor sensory perception in patients with T2D 
contributes to increased gait abnormality (Guimaraes and Isaacs, 
1980; Maki, 1997). Our study also found that both step and 
stride length, and cadence were lower in patients with T2D com-
pared to healthy controls. It is believed that whenever the systems 
regulating gait are dysfunctional, movement control may be im-
paired leading to reduced step and stride lengths (Hausdorff, 
2005). Gait parameters like most physiological parameters are not 
often constant but rather fluctuate with time and change from 
one stride to the next. This may explain why there is increased 
risk of falling in patients with T2D who are known to demon-
strate frequent altered gait parameters.  

Several changes in gait characteristics such as slower gait speed, 
shorter stride length, and increased gait variability and postural 
instability have been related to an increased risk of falling in older 
individuals as well as patients with T2D (Guimaraes and Isaacs, 
1980; Mecagni et al., 2000). Moreover, gait characteristics in old-
er adults have been linked to gray matter atrophy and white mat-
ter hyper-intensities (Callisaya et al., 2013; Rosano et al., 2007). 
It is possible that the gray matter atrophy have stronger effect on 
locomotor control in those with T2D compared to apparently 
healthy individuals (Manor et al., 2012). Similarly, the interaction 
between the vestibular system and cerebellum in patients with 
T2D probably altered the body balance and further increases the 
risk of falling. Our study detected that the duration to complete 
the TUG test was higher in patients than healthy controls which 
implies probable reduced dynamic balance. More importantly, di-
abetic neuropathy increases fall risk rate up to 1.5 times higher in 
patients than normal individuals due to balance and postural in-

stability (Ijzerman et al., 2012).
Worthy of note is the relationship between exercise capacity 

and gait characteristics. It is not surprising that only gait speed 
demonstrated significant correlation with exercise capacity in 
both patients with T2D and healthy controls. Several studies have 
reported that gait speed is an important determinant of exercise 
capacity in patients with T2D (Ble et al., 2005; Volpato et al., 
2012). Exercise plays significant role in falls reduction but pa-
tients with inadequate gait stability or who experience a fall relat-
ed injury, may consequently not be able to meet the recommenda-
tions for effective exercise regimen leading to an increased risk of 
diabetic complications and decreased musculoskeletal function. 
Furthermore, fall-related injuries are often assumed to trigger a 
vicious circle because of potentially detrimental influence on pa-
tients’ physical activity level (Allet et al., 2008). Currently, the 
public health guidelines for patients with T2D management rec-
ommend that patients should perform at least 30 min of physical 
activity a day, 6 times a week, requiring adequate gait security 
and balance.

Balance control, muscle strength and joint mobility are also im-
portant fall risk factors and are salient measures that may be influ-
enced by exercise (Barnett et al., 2003; Volpato et al., 2012). There 
is growing evidence that exercise intervention involving lower 
limbs resistance training, gait re-education and cardiorespiratory 
endurance training play important role for fall prevention and im-
proving quality of life in patients with T2D (Allet et al., 2010; 
Barnett et al., 2003; Lee et al., 2013). Emphasis should be laid on 
regular assessment of exercise capacity, gait balance and specific ex-
ercise interventions to prevent recurrent falls among patients with 
T2D. Notable limitations in our study include the design of the 
study being a cross sectional study. This may limit the generaliz-
ability of our findings to other patients with T2D. Furthermore, 
the physical activity level of our participants was not assessed prior 
to this study and it may confound the outcome of this study, 
hence, caution should be exercised in interpreting this results.

 In conclusion, patients with T2D demonstrated lower exercise 
capacity, reduced dynamic balance and altered gait characteristics 
compared to healthy controls. There was significant relationship 
between exercise capacity and gait speed in both groups but sig-
nificantly correlated with cadence only among healthy controls. 
Interventions to improve exercise capacity, balance and gait train-
ing program in patients with T2D should be incorporated into 
plan of treatment to reduce risk of falling among this population.
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