
SA JOURNAL OF PHYSIOTHERAPY 2002 VOL 58 NO 3          17

states of a group of Type 2 diabetic
Nigerians with those of a control group
of similar age group, sex, and body size
and activity level. The study was also
designed to assess the responses of Type 2
diabetic men to aerobic and anaerobic
exercises, since these two forms of exer-
cises are the main ones employed in
exercise therapy (ADA 1998).

SUBJECTS AND METHODS
The study was conducted at the College
of Medicine of the University of Lagos,
Lagos Nigeria. A sample of convenience
of ten male Type 2 diabetic patients with
good metabolic control (fasting plasma
glucose <120mg/dl), meeting the inclu-
sion criteria was recruited into the study
from the Diabetes Clinic of the Lagos
University Teaching Hospital. To qualify
for inclusion in the study, the persons
must have been diagnosed diabetic using
standard criteria (WHO 1985), and
should be between the ages of 35 and 50
years, and be in good glycaemic control
(fasting plasma glucose <120mg/dl).
Informed consent was obtained from
each subject and only those who con-
sented were studied. Ethical clearance
was obtained from the ethical committee
of the Lagos University Teaching
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INTRODUCTION
Physical exercise is helpful in improv-
ing the metabolic control of diabetics,
especially in those with type 2 diabetes
mellitus (DM), in the promotion of good
health and the prevention of diabetes
mellitus ( Ivy 1997). Before prescribing
exercise as a therapeutic and/or preven-
tive measure, it is important to appre-
ciate the likely response of the individual
to such an exercise. In patients whose
DM is well controlled, exercise may
ameliorate the condition further (Larsen
et al 1997).  On the other hand exercise
worsens the metabolic state in diabetics
in whom glycaemic control is poor and
could precipitate diabetes ketoacidosis
in such patients (Perry et al 1993).

The two main forms of DM: Type1 DM
and Type 2 DM, benefit from exercising
but patients with Type 2 DM appear to
benefit more  (Franz 1997).  In clinical
practice, type 2 DM accounts for over 
90 percent of the diabetic clinic popu-
lation (Franz 1997). Such patients need
to be referred for physical therapy - for
adequate and closely monitored exercises.
However, there appears to be little or no
attention given to this area of study in
Nigeria. Therefore, this preliminary report
was designed to compare the fatigue

Hospital, Lagos, Nigeria. An invitation
was extended until a total of 10 eligible
patients had been recruited. All the 
diabetic subjects were on oral hypogly-
caemic agents and had been on treat-
ment for a minimum of two years (i.e. in
stable state). Ten healthy subjects of
similar age, sex, and body size and
activity level and without a personal 
history of DM acted as controls. They
were recruited from the hospital staff.

Both study and control subjects did
not have a history of cardiovascular 
disease, arthritis, smoking or obesity.
None of the subjects engaged in regular
strenuous competitive exercise.

PROCEDURE
Each subject was given a pre-exercise
review focusing on symptoms and signs
of disease affecting the heart and blood
vessels, eyes, kidneys and the nervous
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system as suggested by the American
Diabetes Association (ADA 1998).

On the test day, the subject was invited
into an air-conditioned room. The height
was measured with health -0-meters
scale with the subject dressed in sports
wear and without shoes. Lower limb
length was measured using a tape mea-
sure. Measurement was taking from the
anterior superior iliac spine (ASIS) to
the tip of the medial malleolus on each
side of the body. Weight and limb
lengths of each subject were recorded.
For the diabetic patients, the duration of
DM was also recorded. Patients with
diabetes had their blood glucose tested
as well as urine test for glucose and
ketones. Fasting plasma glucose was
determined in the endocrine laboratory
of the Department of Medicine using 
the glucose oxidase method. Urinalysis
for glucose and ketones was performed
using Multstix. The baseline (pre-exer-
cise) heart rate and blood pressure were
recorded. Counting the radial pulse for
30 minutes and expressing the rated on
count per minute obtained heart rate.
Blood pressure was obtained with the
patient at rest by means of a mercury
sphygmanometer (accouson), using stan-
dard procedures (WHO, 1999).  

The predicted standard maximum
oxygen consumption was determined, in
order to establish exercise intensities,
using the test and exercise intensities
suggested by Astrand (Astrand, 1960).
The room temperature was maintained
at 27 - 28˚C throughout the study period.
Each subject was instructed on how 
to use the bicycle ergometer: A verti-
cal Monak cycle ergometer exercise 
bike with an inbuilt speedometer 
and mechanical timer (Monak model
5134530.Quinton instrument, 3051 44th

aven. W seatle, W. A 98199) was used.
The subjects were asked to exercise on
the ergometer at a workload that
required oxygen uptake of 90 percent
(for anaerobic exercise) and 60 percent
(for aerobic exercise) of the predicted
standard Vo2max respectively. An assis-
tant blind to the diabetes status of the
individuals motivated them to the point
of fatigue. Fatigue was taken as the time
at which the subject could no longer
pedal on the ergometer at the set work-
load from the start of exercise. The time

interval from the start of each exercise
phase to the point of fatigue was recorded.
Between workloads, the subject rested
for 30 minutes during which time the
cardiovascular indices (HR and BP) 
were expected to have returned to 
baseline values.

Statistical methods
Data analysis-including descriptive 
statistics and Pearson’s correlation coef-
ficient was performed using WHO sta-
tistical package EPI-info version 6. The
averages of results are presented as mean
(SEM). Significance of differences
between group means was determined
using a 2-tail student’s t-test. A p-value
of  < 0.05 was taken as the level of sta-
tistical significance.

RESULTS
The clinical features of the diabetic and
control subjects, all of whom were
males, are shown in Table 1. Except for
the presence of diabetes, the two groups
were similar in sex, age and weight 
distribution. However, the diabetics had
a higher mean BMI than the controls.

The heart rate and pressure responses
have been reported earlier (Odebiyi and
Ohwovoriole, 1999). The heart rate of
the subject did not return to the baseline
values 30 minutes after anaerobic exer-
cise (Table 2). 

Table 3 displays the comparison of
the time to fatigue in the study and 
control subjects performing anaerobic
and aerobic exercises. There was no sta-
tistically significant difference between
the groups, although, the control group
showed slightly longer time to fatigue
(diabetic V controls: 188 ± 87.8 V 241 
± 115 seconds, 01 > p > 0.05), during the
performance of anaerobic exercise. There
was little or no difference in the time to
fatigue in the two groups during aerobic
exercise  (diabetics V control: 428 ± 162
V 439 ± 180, p> 0.05).  Table 4 shows the
correlation coefficient between fatigue
time and some clinical features. Fatigue
rate was strongly correlated to age, how-
ever, fatigue rate was not significantly
correlated to BMI. Aerobic and anaerobic
times to fatigue correlated well with
each other.
See scattergram (Figure 1).

Table 1: Clinical Characteristics of the Subjects

Variable TYPE 2 DIABETIC NON-DIABETIC P-VALUES 
X  ± SEM  (Range) X  ± SEM (Range)

AGE (year) 40.4 2.7 (35-50) 39.9 1.11 (55-47) >0.05

Weight (kg) 68.3 4.5 (56-78) 63.7 1.76 (54-71) >0.05 

Height (m) 1.72 0.12 (1.66-1.79) 1.71 0.02 (1.65-1.79) >0.05

BMI  (kgm-2) 23.4 1.56 (20.57-25.48) 21.7 0.56 (19.83-24.98) >0.05 

Duration of
DM (Year) 6.1 1.4

Table 2: Basal (Resting) Heart Rate (HR) and Heart Rate after 30 minutes period of rest 
following Anaerobic Exercise

BASAL HEART RATE HR 30 MINUTES AFTER P-VALUES 
X  ± SEM  (Range) AEROBIC EXERCISE

X  ± SEM (Range)

Diabetics 78.6 (1.7) [76 - 86] 85.0 (1.4) [80 - 92] <0.05

Non - Diabetics 69.2 (2.0) [64 - 76] 75.6 (0.2) [64 - 80] <0.05 

Table 3: Comparison of time to Fatigue during the Performance of Exercise

FATIGUE TIMES IN SECOND Mean (SEM)[Range]
ANAEROBIC EXERCISE AEROBIC EXERCISE

All subjects 214 (83.9) [120 -465] 433 (146) [210 -760]

Diabetics 188 (87.8) [125 -225] 428 (1629) [330 -680]

Controls 214 (115) [120 -465] 439 (180) [210 -760]



SA JOURNAL OF PHYSIOTHERAPY 2002 VOL 58 NO 3          19

DISCUSSION
Exercise is one of the main cornerstones
of managing Type 2 DM, the others being
education, diet, and drugs. The benefits
of exercise as part of the therapy in dia-
betes include lowering of glycaemia in
the short term and in the long term as
indicated in the changes in HbAic levels
(Larsen et al 1997; Honkola et al 1997),
improved insulin sensitivity, an adjunct
to weight reduction, improving the lipid
profile and enhancement of a general
sense of well being and self esteem
(Vranic and Berger 1979). Exercise has
also been shown to help prevent or delay
the onset of Type 2 DM in those at risk
(Wing et al 1998).

It is important, therefore, that all,
especially those with Type 2 DM, be
encouraged to exercise. Information

about exercise in diabetics in Nigeria
appears scant. Response to exercise in
diabetics may be monitored by changes
in cardiovascular functioning, metabolic
changes, quality of life and weight
changes amongst others (Wing et al
1998). Of immediate concern and interest
to diabetic patients and physicians are
glycaemic and cardiovascular responses.
In addition, physiotherapists need to be
aware of the responses of this group of
patients to different intensities of exercise,
as they treat a large number of patients
with a variety of conditions that may be
related to or complicated by DM.

The failure to achieve significant 
differences between the diabetic and
control subjects in the time to fatigue
may be due to the rather small number
of subjects. However, a plausible reason

for this insignificant difference could 
be autonomic neuropathy (Wheeler and
Watkins, 1973), which was not specifi-
cally tested for in this study.  Autonomic
neuropathy would be expected in some
of the subjects with long standing DM as
there is a close relationship between the
development of autonomic neuropathy
and duration of diabetes (Vink and
Mitchell, 1998). Neuronal failure, that
is, the easy fatigability on transmission,
which has been observed in diabetics
could also account for the reduction in
exercise tolerance observed in this study
(Osvaldo, 1973). 

It has also been suggested that there
is a reduction in the cellular storage of
ATP and creatine phosphate, particularly,
in Type 2 diabetics (Karlsson and Saltin,
1970).  This results in reduced capacity
for glycogen synthesis, storage and uses
and consequently leads to reduced exer-
cise tolerance. These events are compli-
cated by increased production of muscle
and serum lactic acid that is a major
mediator of the process of fatigue
(Karlsson and Saltin, 1970). The failure
of the resting “heart rate” to return to the
baseline value, particularly in the dia-
betic subjects, is an indicator that the 
30 minute rest period between the exer-
cise intensities was inadequate. There-
fore, enough “rest period” should be
allowed for diabetics during therapeutic
exercise.

The findings of this study are in line
with common observations in clinical
settings. However, they do not agree with
the findings of Wolfe and Dicarlo (1983)
who reported that Type 1 (insulin depen-
dent) diabetics showed greater resistance
to fatigue (i.e. good exercise tolerance)
and lesser resistance to fatigue (i.e. poor
exercise tolerance) than non-diabetics
during anaerobic exercise and aerobic
exercise respectively (Wolfe and Dicarlo,
1983). The reasons for this difference
may not be unconnected to the marked
differences in the clinical characteristics
of the subjects in the two studies- theirs
was on Type 1 diabetics whereas ours
was on Type 2 diabetics.

Based on the findings of this study, 
it would appear that diabetics engaging
in exercise might demonstrate a lower
resistance to fatigue particularly during
anaerobic exercise (i.e. exercise of high

Table 4: Correlation Coefficients between Fatigue Time and some Clinical Features

Variable Correlation Correlation Coefficient

Type 2 diabetics Non-diabetics

Age and BMI -0.129 +0.302

Age and fatigue rate (anaerobic) -0.054 +0.054

BMI and fatigue rate (anaerobic) -0.131 +0.199

Age and fatigue rate (aerobic) -0.054 +0.039

Fatigue rate (aero.) and fatigue rate (anaero) +0.712 + 0.712

Duration of dm and fatigue rate (anaero) +0.140 ————

Resting heart rate and fatigue rate (aero) +0.07 -0.108

Resting heart rate and fatigue rate (anaero) -0.18 -0.218
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Figure 1:  Correlation between anaerobic and aerobic fatigue time in the diabetic subjects.



intensity and short duration). It therefore
stands to reason that aerobic exercise
(i.e. exercise of low intensity and long
duration) is preferable for Type 2 diabetic
patients. The exact role of anaerobic
exercises in the management of diabetes
mellitus or during the rehabilitation of
diabetics deserves to be studied further.
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