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Abstract  

Introduction: functional Exercise Capacity (FEC) is a valid measure of physical fitness in health and disease. However, there is paucity of studies 

on FEC in African patients with Type-2 Diabetes (T2D). This study compared FEC between patients with T2D and healthy controls. Methods: thirty 

five patients with T2D (18 men, 17 women) and 35 (16 men, 19 women) age-sex matched healthy controls participated in this case-control study. 

Anthropometric and demographic characteristics and cardiovascular parameters were measured following standard procedures. A glucometer was 

used to determine the Fasting Blood Glucose (FBG) level following at least 8 hours of overnight fasting. FEC was assessed using the Six-Minute 

Walk Test (6MWT) while Hand Grip Strength (HGS) test was measured with an electronic dynamometer. Data were analyzed using descriptive and 

inferential statistics. Alpha level was set at p< 0.05. Results: patients with T2D and controls were similar in age (p>0.05). There were significant 

differences in the distance covered during 6MWT between patients and controls (t= 0.329; p =0.03), exercise capacity (t=0.329; p=0.03), FBG 

(t=7.403; p=0.001), systolic and diastolic blood pressure (t=12.56; p=0.001 and t = 27.23; p = 0.001) respectively. There were significant inverse 

relationships between 6MWD and Body mass index (r = -0.39; p=0.02) and FBS(r = -0.51; p=0.02) in patients with type-2 respectively. No 

significant association was found between exercise capacity and HGS (p>0.05). Conclusion: patients with type-2 diabetes demonstrated lower 

functional exercise capacity than healthy controls. High body mass index and fasting blood glucose were significantly associated with lower 

functional exercise capacity. 
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Introduction 

 

The prevalence of Type-2 Diabetes (T2D) is on the rise globally, 

now occurring in about 6% of the world's adult population [1, 2]. 

Sub-Sahara Africa (SSA) is also witnessing a significant increase in 

T2D alongside other non-communicable diseases [3]. Hall et al, [4], 

reported that the prevalence of T2D in some selected western 

African countries, including Nigeria and Ghana, to be up to 7%, 

while in South Africa and Uganda prevalence is reported to be more 

than 10%. Several predisposing factors have been attributed to the 

increase in the prevalence of T2D including rapid urbanization, poor 

eating habits, physical inactivity and obesity [5, 6]. It has been 

proposed that high prevalence of T2D complications will impose a 

huge burden on the healthcare system in SSA if urgent interventions 

are not taken [7]. There is substantial evidence that individuals with 

T2D are more vulnerable to various short and long term 

complications associated with premature death [8]. This 

vulnerability has been attributed to insidious onset [9], delay in 

diagnosis and late presentation [10], poor glycemic control [11] and 

late recognition of symptoms and economic cost of care in low 

resource nations, especially SSA countries [12, 13]. The culture of 

regular medical check-up is lacking in developing nations, hence 

many cases of undiagnosed T2D are undiagnosed. Experts have 

identified limited availability of diagnostic testing tools and non-

standardized diagnostic criteria leading to poor treatment plan in 

SSA as problems [14, 15]. In the management of T2D, 

pharmacologic therapies have been proved to be effective in the 

control of blood sugar and reduction in the common complications 

[16]. In spite of this, many patients still remain burdened with 

reduced physical functioning, poor exercise tolerance, disability and 

vulnerable to cardiovascular risks [17]. However, exercise training 

has been reported to be effective as an adjunct therapy in 

improving exercise tolerance and physical fitness [18]. One of the 

ways of improving exercise prescription and fitness in patients with 

T2D is to establish evidence on physical fitness measures such as 

functional exercise capacity, muscular strength and cardiovascular 

endurance tests. 

  

Assessment of functional exercise capacity is usually a laboratory-

base test and it is complex, time consuming and expensive. Devices 

such as treadmill or bicycle ergometry test with Douglas bag and 

gas analyzer are frequently used for graded exercise stress test 

[19]. In poorer settings these assessments are usually unaffordable 

[20], and appropriate expertise to conduct these tests is lacking 

[21]. Hence, an assessment technique that is simple to administer, 

cost-effective, well tolerated and not time consuming will be an 

added advantage for countries with limited resources for both 

patients with T2D and their clinicians. Adedoyin et al, [22] used a 

hand grip strength test to assess functional exercise capacity in 

patients with chronic obstructive pulmonary disease [20] and a 6 

Minute Walk Test (6MWT) to determine exercise capacity in patients 

with chronic heart failure. Unfortunately, studies comparing 

functional exercise capacity of African patients with T2D with 

healthy controls are scanty. Measuring the functional exercise 

capacity in patients with T2D could serve as standard basis for 

exercise prescription, training and improvement in clinical outcomes. 

Therefore, this study assessed and compared functional exercise 

capacity of patients with T2D and age-sex matched apparently 

healthy controls. 

  

  

Methods 

 

This case-control study recruited thirty five patients diagnosed with 

T2D from the Endocrine Clinic, Obafemi Awolowo University 

Teaching Hospitals Complex (OAUTHC), Ile - Ife and 35 apparently 

healthy adults; age and sex matched controls from patient relatives 

and hospital workers using purposive sampling technique. Eligibility 

for inclusion in the study were patients whose ages range between 

35-70 years and attending the Endocrine Clinic of the OAUTHC 

having been confirmed of T2D by clinical diagnosis. Apparently 

healthy age and sex-matched control with no self-reported previous 

history or diagnosis of T2D were also included. Individuals with 

associated musculoskeletal disorders such severe arthritis of the 

knee or hip joint, cardiovascular disease affecting the lower limb 

such as peripheral vascular disease or neurological condition such as 

peripheral neuropathy were excluded from the study. 

  

Procedures 

  

Prior to the conduct of the study, the purpose was explained to the 

participants who met inclusion criteria while informed consent was 

obtained. The physical characteristics of the participants including 

height and weight, waist and hip circumferences were measured 

and the body mass index (BMI) was calculated. Cardiovascular 

parameters of systolic, diastolic blood pressure and heart rate were 
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measured using standard procedures. Demographic data including 

level of education, type of occupation and monthly income were 

also obtained. 

  

Biochemical analysis 

  

Fasting Blood Glucose (FBG) 

  

The day prior to the assessment of FBG, participants were informed 

not to eat any food or drink for a minimum of 8 hours before their 

appointment. All measurements were taken between 7.00 am to 

9.00 am. A One Touch Lifescan Glucometer; Johnson-Johnson 

Company Product, Inc., Milpitas, CA 95035 was used to test the 

glucose level using a standard procedure [23]. A fasting Blood 

Glucose greater than 5.6mmol/L confirms the presence of diabetes. 

  

Assessment of functional exercise capacity 

  

Six-Minute Walk Test 

  

The Six-Minute Walk Test (6-MWT) was performed on a 20 meter 

level corridor without any obstructing object using American 

Thoracic Society [24] guidelines. Participants were allowed to rest 

for period of 10 minutes in sitting position before the 

commencement of the exercise test. Participants were instructed to 

walk from the starting point to the end at their own selected pace 

while attempting to cover as much ground as possible in six minutes 

[20]. Encouragement was provided every 30 seconds or more in a 

standardized manner by saying: "You are doing well" or "Keep up 

the good work". Patients were then asked to rate his or her exertion 

level using the modified Borg's scale "0" represents "no discomfort"; 

"5" represents "moderate"; "10" represents extreme discomfort". 

The maximum oxygen consumption (VO2 max) was calculated from 

the American College of Sport Medicine [25] prediction equation 

while Metabolic Equivalent (MET) was derived from VO2 max by 

dividing it with 3.5. The six minute walk work (6MWW) was 

calculated from the product of 6MWD and the body weight of the 

participant [26]. 

  

Hand Grip Strength 

  

Each participant's hand grip strength was assessed with the aid of 

an electronic Camry hand grip dynamometer (Model EH 101, made 

in Taiwan) based on the recommendation of the American Society 

of Hand Therapist [27]. The participant sat on a straight-back and 

armless chair of standard height with participant's test arm was held 

at 90o elbow flexion position and the forearm in neutral position 

without radio-ulnar deviation. The hand was positioned parallel to 

the forearm holding the dynamometer. Participant was instructed to 

squeeze maximally and hold until the reading is taken. Two 

measurements were taken for each upper extremity with a 2-

minutes rest interval; the average was recorded in kilogram-force 

(Kgf) as grip strength value. For standardization, the dynamometer 

was set at the second handle position. No verbal encouragement 

was given [22]. Ethics and Research Committee of the Institute of 

Public Health (IPH), Obafemi Awolowo University, Ile - Ife gave 

approval for the study's protocol. The Head of Endocrine Unit of the 

Obafemi Awolowo University Teaching Hospitals Complex, Ile-Ife, 

Nigeria gave permission to conduct the study. 

  

Data analysis 

  

Descriptive statistics of frequency, percentage, mean and standard 

deviation were used to summarize data. Chi square test was used to 

determine the associations of age and socio-demographic variables 

between patients and healthy controls. Independent t-test was used 

to compare physical characteristics, grip strength, exercise capacity 

and cardiovascular parameters of patients with T2D and healthy 

controls. Pearson Product Moment Correlation was used to 

determine the relationship between physical characteristics, FBG, 

hand grip strength (dominant) and functional exercise capacity of 

patients with T2D and healthy controls. Alpha level was set at 0.05 

of significance. Data analysis was performed using STATA-SE 

version 11.0 software (STATA Corp, Texas, USA). 

  

  

Results 

 

There was no statistically significant difference in main demographic 

variables between the case and control groups (Table 1). There 

were significant differences between the cardiovascular parameters 

of patients with T2D and healthy controls in six minute walk 

distance (t = 0.33; p=0.03), exercise capacity (t=0.33; p=0.03), 

systolic and diastolic blood pressure (t=12.56; p=0.01 and t= 

27.23; p=0.01) respectively (Table 2). Table 3 showed the result 

of Pearson moment correlation with moderate significant inverse 
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relationships between 6MWD and Body mass index (r= -0.39; 

p=0.02) in patients with T2D but not with healthy control. No 

significant correlation was found between BMI and HGS in both 

groups (r=0.18; p=0.30 and r=0.01; p=0.98 respectively. There 

was a significant correlation between exercise capacity and FBG (r 

=-0.51; p=0.02) in patients with T2D but there was no significant 

correlation in healthy controls. Significant correlations were found 

between exercise capacity and 6MWW (r = 0.62; p=0.001) in 

patients with type-2 and as well as healthy control (r= 0.72; 

p=0.001) respectively. No significant correlation was found in the 

HGS in both groups (p>0.05). 

  

  

Discussion 

 

This study was designed to investigate the functional exercise 

capacity of patients with T2D and healthy controls. Findings from 

this study show that patients with T2D demonstrated lower exercise 

capacity compared with healthy controls. This is in agreement with 

the findings of previous studies which found that lower exercise 

capacity is common in patients with T2D [28, 29]. The reduction in 

exercise capacity of patients with T2D may be linked to poor 

glucose metabolism. The transporter protein GLUT4 expression at 

the plasma membrane is related to fibre volume in human skeletal 

muscle fibres [30]. 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 

exercise capacity [31]. 

  

There is growing body of evidence to suggest that body's capability 

to utilize oxygen in patients with T2D is compromised due to poor 

blood perfusion of muscles at cellular level and consequently 

reduction in functional exercise capacity [32]. This has been 

suggested as one of the factors limiting the ability to achieve peak 

performance during maximal exercise. Although, the 6MWT is a 

submaximal test, quite a large number of patients with T2D do not 

meet minimal performance during sub-maximal test [33]. Thus, the 

distance covered during 6 minute walk has become a well-

established predictor of cardiovascular risk and all-cause mortality in 

patients with T2D. Carter et al, [26], however, observed that body 

weight was not taken into account during 6MWT which is 

considered to be a potential factor during walking performance. 

Hence, the Six Minute Walk Work (6MWW) which is the product of 

body weight and distance covered during six minute walk has been 

advocated to assess functional exercise capacity [34]. Weight 

control is an important lifestyle modification intervention in diabetes 

control which may be a useful indicator for improvement during 

assessment. 

  

Exercise prescription is usually based on heart rate and other 

cardiovascular parameters in order to determine exercise safety and 

progression. Findings from this study showed that there were 

significant differences between cardiovascular parameters of 

patients with T2D and healthy control. This is in line with the 

findings of previous studies that reported impaired cardiovascular 

function in T2D [28, 31]. Furthermore, abnormal cardiac autonomic 

function has been associated with poor cardiac output responses to 

exercise in diabetes, hence exercise prescription should be carefully 

planned among this population. Previous studies on physical activity 

level among patients with T2D have reported to be below optimal 

level [35, 36]. Thus, weaker muscles as a result of inactivity tend to 

be smaller and have potential for poor glucose uptake and 

hyperglycemia. The effect of chronic diseases with attending co-

morbidities could impact negatively on the functioning of the 

cardiovascular system. The heart in a compensatory manner may 

attempt to relieve the burden of the underlying pathologies, hence 

resulting in a decline in the efficient distribution of blood through 

the body tissues [32]. 

  

Studies on Hand Grip Strength (HGS) in patients with T2D have 

been reported to be poor [37, 38], but our findings showed that 

HGS of patients with T2D was not significantly different from 

healthy controls. This may be attributed to good blood glucose 

control among the study population leading to optimal muscular 

strength. A study by Wander et al, [39] reported that the important 

biomarker of survival in a diabetic population included hand grip 

strength, described as a measure of total body strength which is 

significantly associated with physical performance [40]. Although 

several factors such as advancing age, mood, time of the day and 

anthropometric characteristics have been reported as possible 

influences that may affect HGS [41], progressive muscle weakness 

and limited joint mobility and other pathological manifestations may 

contribute to poor HGS [42, 43]. Nonetheless, progressive 
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resistance exercise training has been reported to be effective in 

improving muscular strength in patients with T2D [44]. 

  

The potential limitation of the present study could be a number of 

existing underlying pathology such as cardiovascular disease, 

previous history of physical inactivity and unhealthy lifestyle thus 

contributing to low functional exercise capacity. Furthermore, there 

are few studies on functional exercise capacity in African patients 

with T2D which makes it difficult for detailed comparison. It is also 

possible that the cases and controls were too closely matched as a 

large number of the controls were from the same family population 

rather than the general population. Correlation between exercise 

capacity and FBG, although moderate, may have accounted for low 

functional exercise capacity of these people. 

  

  

Conclusion 

 

Patients with type-2 diabetes demonstrated lower functional 

exercise capacity than healthy controls. High body mass index and 

fasting blood glucose were significantly associated with lower 

functional exercise capacity. Optimal control of glucose and body 

weight may help to maintain adequate functional exercise capacity 

in patients with type-2 diabetes. 
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Table 1: comparison of physical and socio-demographic characteristics of patients with type-2 and healthy controls 

Variable 

Patients 

(n=35) 

Mean ±S.D 

Controls (n=35) 

Mean ±S.D 
t-cal p-value 

Physical Characteristics            

Age (years)                            58.0±8.8 58.1±8.9 0.001 1.00 

Weight (Kg)                          71.5±13.7 67.4±8.9 0.004 0.14 

Height (m)                               1.7± 0.1 1.7±0.1 0.284 0.18 

BMI (kg/m2) 25.8±4.7 23.1±2.1 0.001 0.04* 

WC (cm) 83.5±12.6 72.9±7.3 5.130 0.01* 

WHR 0.9 ± 0.1 0.8 ± 0.1 -3.600 0.01* 

FBG (mmol/L) 5.7 ± 0.7 4.7 ± 0.6 7.403 0.01* 

Socio-demographics 
n (%) n (%) c2 p-value 

Gender 

  Male                                       18(51.4) 16(45.7) 0.23 0.81 

  Female 17(48.6) 19(54.3)     

Occupation         

 Civil servant 9(25.3) 7(20.0) 0.55 0.76 

 Retiree 7(20.0) 6(17.1)     

Trading/Artisan 19(54.7) 22(62.9)     

Education level         

  Primary 15(42.8) 12(34.3) 3.17 0.21 

  Secondary 11(31.4) 18(51.4)     

  Tertiary 9(25.3) 5(14.3)     

Monthly Income         

   < #50,000 3(8.6) 4(11.4) 3.83 0.28 

   #50,000 - #75,000                 11(31.4) 10(28.6)     

   > # 76 - #100,000      16(45.7) 10(28.6)     

   > #100,000 5(14.3) 11(31.4)     

* Significant at p< 0.05  

Keys:  BMI, Body Mass Index; WC, Waist Circumference; HC, Hip Circumference; WHR, Waist to Hip Ratio;   FBG, Fasting 

Blood Glucose  
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Table 2: comparison of cardiovascular parameters and functional capacity test between patients with type 2 diabetes and healthy 

controls  

Variable Patient Group 

X ± S.D 

Control Group 

X ± S.D 

t-cal p-value 

Blood pressure         

  Systolic (mmHg) 135.0±20.2 119.0±7.9 12.56 0.001* 

  Diastolic (mmHg) 79.7±11.4 74.6±8.3 27.23 0.001* 

  Heart rate (beat/sec)              75.0±7.4 72.9±7.4 29.78 0.001* 

Exercise capacity         

  6MWD (m) 403.0±88.3 447.0±7.7 0.329 0.030* 

  VO2max (mL/kg/min) 10.2±1.5 10.9±1.3 0.329 0.030* 

  6MWW X103 (Kg.m)  28.0 ± 6.6 29.9 ± 6.0 0.983 0.230 

  RPE 3.4±1.2 2.2±0.7 5.495 0.001* 

Hand grip strength         

  Dominant           (Kgf)         27.0±5.8 29.3±4.9 0.320 0.080 

  Non-dominant     (Kgf)      25.2±5.0 26.9±4.1 0.220 0.120 

* Significant at p< 0.05  

Keys: 6MWD - 6-Minute Walk Distance; VO2Max - Maximum Oxygen Consumption;   6MWW; 6-Minute Walk Work; RPE, Rate of 

Perceived Exertion 

Table 3: relationship between age, anthropometric characteristics, cardiovascular, fasting blood glucose and each 

of functional capacity variables in patients with type-2 diabetes and apparently healthy controls 

  Patients Control 

  6MWD HGSD 6MWD HGSD 

Variables r(p) r(p) r(p) r(p) 

Age (years) -0.32(0.06) -0.25(0.15) -0.32(0.06) -0.25(0.16) 

BMI (kg/m2) -0.39(0.02)* 0.18(0.30) -0.16(0.36) 0.01(0.98) 

WC (cm) -0.08(0.63) 0.18(0.31) 0.03(0.86) 0.21(0.22) 

WHR -0.06(0.71) -0.23(0.19) -0.13(0.47) 0.09(0.59) 

SBP (mmHg) -0.01(0.95) 0.06(0.73) -0.29(0.09) -0.01(0.94) 

DBP (mmHg) -0.18(0.29) 0.16(0.37) 0.04(0.82) 0.11(0.54) 

FBG (mmol/L)     -0.51(0.02)* 0.01(0.96) -0.21(0.24) 0.32(0.06) 

6MWW 0.62(0.001) ** 0.20(0.25) 0.72(0.001) ** -0.08(0.66) 

*Significant at p< 0.05   

**Significant at p< 0.001 

Keys: 6MWD, 6-Minute Walk Distance; HGSD, Dominant Hand Grip Strength; BMI, Body Mass Index; WC, Waist 

Circumference; WHR, Waist to Hip Ratio; FBG, Fasting Blood Glucose; SBP, Systolic Blood Pressure;  DBP, Diastolic 

Blood Pressure  


