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ABSTRACT

Background: Most diabetes patients in Nigeria either do not exercise at all or do not exercise
appropriately and this is thought to be due partly to an inadequate exercise education.

Objectives: To investigate the impact of a type 2 diabetes-oriented exercise education curriculum
(T2DEEC) on exercise performance and adiposity of type 2 diabetes patients.

Materials and Methods: The patients (n=86) were randomized into either the T2DEEC or the
control groups. The T2DEEC was administered to patients in the T2DEEC group while the controls
were encouraged to exercise but did not go through the T2DEEC. The participants continued
exercises at home for 12 weeks. Outcomes were amount of time and days spent on each of aerobic,
resistance, joint mobilization and foot care exercises per week; waist circumference, body mass
index, and percent body fat.

Results: By the 12" week, the T2DEEC participants increased their exercise days from 1.2 to 3.8
days and increased aerobic, resistance, joint mobilization and foot care exercise times by 56.5, 42.3,
39.8 and 28.1 minutes respectively (p<0.05). The controls only increased their aerobic exercise time
by 5.1 minutes (p=0.141) and maintained zero exercise times for resistance, joint mobilization and
foot care exercises. Also the T2DEEC group but not the controls recorded significant improvements
(p<0.05) in adiposity variables.

Conclusions: The participants who were taught with the T2ZDEEC unlike those who received verbal
encouragement to exercise improved their exercise performance and adiposity parameters
significantly. The T2DEEC is recommended for exercise education of type 2 diabetes patients.
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hysical exercise is beneficial for
Ppatients with type 2 diabetes mellitus

(T2DM) but this form of therapy has
usually been poorly adopted by many of the
patients. According to Colberg et al',
although physical activity is a key element in
the prevention and management of T2DM,
many individuals with the disorder do not
become, or remain regularly active.
Consequently, health professionals have
advised most patients with or at high risk for
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diabetes to exercise, suggesting recognition of
its importance for the disease management’.
Unfortunately however, exercise has not
increased proportionally to exercise advice,
and the challenge remains converting
patients’ awareness into behaviour change®.

Education is known to play a pivotal role in
the entrenchment of specific lifestyle
behaviours, and this includes the recognition
of the need to exercise among patients with
T2DM. Physical activity and exercise
prescription is an integral component of the
diabetes self-management training plan for
any patient with diabetes or anyone at risk for
developing T2DM; consequently, diabetes
educators from a variety of health care
professions are responsible for the successful
inclusion of exercise component into lifestyle
behaviours®. Diabetes education that will
encompass physical exercise requires a
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simple physical activity intervention template
that is feasible, acceptable, and effective in a
variety of settings." The importance of a
robust and carefully crafted curriculum in the
delivery of any education cannot be
overemphasized™”’. Currently, diabetes
exercise curriculum developed for patients of
Nigeria and other similar nations in the Sub-
Saharan Africa is unavailable. Consequently,
most patients with diabetes are only advised
to exercise without being taught in practical
terms how much and what type of exercise
should be taken. Thus this study was carried
out to investigate the impact of a
domesticated =~ T2DM-oriented  exercise
education curriculum (T2DEEC) on exercise
performance  parameters and adiposity
variables of T2DM patients.

MATERIALS AND METHODS:

Design of the T2DEEC:

The T2DEEC evolved from a process that
involved four stages:

Stage 1: development of learning outcomes
and gathering of course content through
review of the literature. The formative
learning outcomes to be applied at the end of
the education period to determine whether the
participants understood the curriculum or not
were developed (see Attachment). The
outcomes also helped to ensure that all
relevant contents of the curriculum were not
left out during the teaching sessions. The
course content was derived from an extensive
search of the literature to identify, collate and
synthesise the different exercise programmes
that were administered on patients with
T2DM.

Stage 2: review and approval of the contents
by a panel of experts made up of
professionals involved in the care of patients
with T2DM. The content was reviewed by the
panel which eventually decided on what
aspects of the content should remain and
which one to be expunged based on their
experiences in the care of people with T2D.
At this stage, consideration was given to
contents that will be consistent with the
culture and environment of the participants,
and also reflect their prevailing social and
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economic backgrounds. It was unanimously
agreed by the panel lists that activities in the
curriculum should be the ones that the
patients can undertake within their homes, the
ones that will involve only minimal exercise
gadget assembly if any, and involve minimal
or no financial expenditure on the
participants. Consideration was given to the
implementation of the activities using locally
available and adaptable resources such as
sand bags as weights for resistance; and
aerobic exercise using culturally friendly and
acceptable activities such as dancing to
indigenous music and brisk walking.

Stage 3: pilot application of the curriculum
on a few patients with T2DM.Seventeen
patients with T2DM were taken through the
curriculum and the areas of difficulties,
redundancies and overlaps were noted for
amendment.

Stage 4: review of the pilot performance,
amendments and approval of the final
curriculum. The panel met again to review the
performance of the curriculum, its
applicability and comprehension as were
identified in stage 3. All issues were resolved
and the final curriculum was arrived at.
Selection of participants:

The participants for this study were T2DM
patients who were being managed at the
Endocrinology Clinic of the University
College Hospital Ibadan, Nigeria. For a
participant to be eligible for the study, such
individual must have been advised to be
physically active by his or her physician.
Those who were presenting with other
complications that will limit participation in
the exercise programme such as visual
impairment, advanced peripheral neuropathy,
amputation and any other physical disability
were excluded. Patients that had been
previously asked to stay off physical activity
for medical reasons were excluded. A total of
86 participants met the inclusion criteria at
the end of the 24 week recruitment period,
and they all signed the informed consent for
participation. The participants were thereafter
randomly assigned into either the T2DEEC or
the control group using a randomly generated
set of numbers. Those who were assigned into
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the T2DEEC group were thereafter taught all
the exercise details through the use of the
curriculum. Those who were assigned into the
control group were only asked to exercise and
be physically active, which is the usual
manner by which many patients are
introduced to exercise, but they did not
partake in the exercise education through the
T2DEEC.

The exercise education:

The exercise education took place in the
meeting room of the Diabetes Association of
Nigeria within the Medical Outpatient
Department of the University College
Hospital, Ibadan, and it involved two
theoretical and two practical sessions. The
theoretical component of the training included
teaching the participants in the T2DEEC
group the basics of exercise participation in
the co-management of T2DM. They were
theoretically taken step-by-step through the
entire contents of T2DEEC (Attachment). The
practical sessions included demonstration to
the participants how each of the exercise
mentioned in the T2DEEC should be
undertaken. There were non-patient models
on whom the practical sessions were first
demonstrated to the participants. This was
then followed by asking some randomly
picked participants to demonstrate the
techniques. The practical sessions included
taking the patients through aerobic activities
(such as dancing, brisk walking, upper and
lower limb cycling in the air etc), active joint
mobilization exercises (covering joints of the
lower limbs, joints of the hips, the fingers and
entire upper limbs and the neck), resistance
exercises (for the muscles of the upper and
lower limbs using locally made sandbags as
resistance), and finally, the foot care
programme (mobilization of the toes in water,
cleaning and moisturisation)®*'*. Aspects of
the T2DEEC that could not be demonstrated
appropriately by the participants in addition to
the areas of the curriculum where they had
questions were all attended to.

Procedure for data collection:

Ethical approval for the study was obtained
from the University of Ibadan/University
College Hospital Research Ethics Committee
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(ID: UI/EC/13/0020). The data from the
participants in both groups were taken at the
beginning (baseline), midway (6™ week) and
end of the study (12th week). Each participant
thereafter spent 12 weeks in the study. The
data included the socio-demographic
characteristics of the participants (age, sex,
marital status and educational attainment),
adiposity variables (weight, body mass index
(BMI), waist circumference and percent body
fat), and exercise performance parameters
(types of exercise being undertaken, amount
of time spent on the activity and number of
days in a week for which the activity was
performed).

The weight, BMI, waist circumference and
percent body fat were taken using standard
procedures'™'®. Each of the participants in
both groups was given exercise diaries to
document their activities. The participants
were taught how to use the diaries and were
asked to document the type of exercise that
was undertaken, the amount of time spent on
the activity and the days in which the
activities were undertaken in each week. The
participants presented to the clinic for re-
assessment and documentations during the
assessment periods.

Study design and ethical consideration:
This study was a randomized control trial.
However, for ethical reasons, the participants
in the control group were given the
opportunity to benefit from the exercise
curriculum at the end of the study period
when all data had already been taken. This
gave them the opportunity to also receive the
exercise education for the enhancement of
their health.

Analysis of data:

The data were analysed using both descriptive
and inferential statistics. The socio-
demographic characteristics of  the
participants were analysed and presented
using mean, standard deviations and
percentages. Using the paired t-test, the
adiposity and exercise performance data at
baseline were first compared with that of the
6"week and then compared with that of
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the12™ week for each of the groups. Level of
significance was set at 0.05.

RESULTS:

A total of 79 (91.9%) out of the 86
participants who commenced the study
completed it. Three of them relocated out of
town and the remaining four withdrew from
the study, citing lack of time as the main
constraint. There were more women than men
in both groups with mean age of the
participants in the T2DEEC and control
groups being 56 + 6.3 and 58 £ 4.9 years
respectively (Table 1).At  baseline,
participants in both groups had BMI values in
the range of overweight to moderately obese
with the lowest (27.5 + 4.2 Kg/m®) seen
among the male participants and the highest
(30.6 + 4.7 Kg/m?) seen among the female
participants. It was also observed that the
participants reported only a short time of
aerobic exercise at baseline with those in the
T2DEEC group spending close to 9 minutes
and those in the control group spending about
13 minutes on the average in a typical week.
The activities at baseline were spread over a
period of 1.2 days and 2.4 days per week in
the T2DEEC and control groups respectively.
Apart from the short time spent on aerobic
activities, none of the participants in both
groups reported any time spent on resistance,
joint mobilization or foot care exercises at
baseline. Table 1 contains other details on
socio-demographic, adiposity and exercise
variables of the participants at baseline.

The baseline values of the participants were
compared with that of the 6™ week, which
was midway into the programme, and also
compared with that of the 12" week which
was the end of the programme (Table 2).
Participants in the T2DEEC group recorded
significant reductions in their weight and BMI
by the end of the 6™ week (p < 0.05), while on
the contrary, the female participants in the
control group within the same period recorded
a 3.3% increase in their weight (p = 0.04).
Also, within the first 6 weeks of the
programme, the average weekly time on
aerobic programme for the T2DEEC group
had more than tripled with a mean increase of
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29.2 £ 6.3 minutes. The average times per
week on resistance, joint mobilization and
foot care exercises also increased within the
first 6 weeks, from zero time to 18.9, 17.7 and
20.6 minutes respectively. The increase in
weekly average times of exercise by
participants in the T2DEEC group continued
progressively for all the exercise types till the
12™ week (p < 0.05), but the highest increase
was seen in the aerobic exercise type; which
by the 12" week had increased by 56.5 + 8.9
minutes compared to baseline (p = 0.0001).
The control group in contrast, maintained the
zero time for resistance, joint mobilization
and foot care exercises at both the 6™ and 12"
weeks but only increased the weekly aerobic
exercise time at the 12" week by an average
of 5.1 £ 2.4 minute compared to baseline (p =
0.141).

DISCUSSION:

The following observations were made from
this study: 1) At baseline, the participants in
both T2DEEC and control groups presented
with high risk waist circumference and
percent body fat, and ranged from overweight
to obese, i1) they used to spend only an
average of 9 to 13 minutes across 1 to 2 days
per week on aerobic exercises but none of
them was involved in any resistance, joint
mobilization and foot care exercises, iii) by
the 6™ week, participants in the T2DEEC
group demonstrated significant increase in
number of exercise days and amount of
exercise time for all the exercise types in
addition to a significant improvement in a few
of the adiposity variables, iv) the exercise
performance parameters maintained their
improvement, and the remaining adiposity
variables demonstrated significant
improvement by the 12" week, v) in the
control group, only the female participants
demonstrated a significant reduction in
weight only in the 12" week, while all the
other adiposity and exercise parameters did
not improve significantly.

The fact that the participants in both groups
presented with high levels of adiposity
variables is not surprising considering the
strong links that have been demonstrated
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Table (1): Socio-demographic, adiposity and exercise characteristics of the participants at baseline

T2DEEC Group Control Group
(n=41) (n=38)
Demographic characteristics
Mean age (years) 56+6.3 58+49
Sex
Male 12 (29.3%) 16 (42.1%)
Female 29 (70.7%) 24 (57.9%)
Marital status
Married 32 (78.1%) 26 (68.4%)
Not married 9(21.9% 12 (31.6%)
Educational level
Educated 27 (65.9%) 22 (57.9%)
Not educated 14 (34.1%) 16 (42.1%)
Duration since diagnosis of diabetes (years) 7.5+£52 59+3.6
Clinical characteristics
Weight (Kg)
Male 68.1 £8.2 71.4+5.1
Female 769 +£5.8 73.8+9.3
Body mass index (Kg/m?)
Male 27.5+4.2 28.8+5.3
Female 30.6 £4.7 294+29
Waist circumference (cm)
Male 103.7+6.3 102.2+4.8
Female 96.4+5.5 94.7+4.1
Percent body fat (%)
Male 302+5.8 29.8 £6.6
Female 33.3+5.9 35.5+4.1
Exercise characteristics (Average)
Aerobic exercise time/week (mins) 8.7+£2.5 12.7+£3.6
Resistance exercise time/week (mins) 0.0 0.0
Joint mobilization exercise time/week (mins) 0.0 0.0
Foot care exercise time/week (mins) 0.0 0.00
Number of exercise days/week 1.2+04 24+0.6

between T2DM and those variables.'”**Since
the participants in this study were patients
with T2DM, this situation would not have
been completely out of place. However, a
generally better adiposity outlook would have
been expected considering that the
participants were already being managed for
diabetes for a varying length of time. One of
the possible explanations for the inadequate
adiposity profile is the fact that at baseline,
they were found to have spent little or no time
on physical exercises; whereas this mode of
treatment has been documented as important
in taking care of the myriads of health
problems of people with T2DM.'* *** The

only sub-optimal time expended on exercise
was seen in activities that can be categorized
as aerobic exercises. Aerobic exercise of
about 9 or 13 minutes per week is not likely
to bring forth any health benefit as this is way
below the prescribed duration®>'. There is no
doubt that aerobic exercise is beneficial for
patients with T2DM'" " but it is also
important that they engage in other forms of
exercises that have been shown to
demonstrate benefits to the patients. Such
exercises include resistance exercises” ' 14,
and joint mobilization and foot care
exercises™'"'?. At baseline, participants in
both groups spent zero time on these other
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Table 2: Comgarison of baseline adiposity and exercise characteristics of participants with that of

the 6™ and 12!

weeks of study
End of 6™ week data compared

with baseline

T2DEEC Group Control Group
Mean difference

Mean difference

End of 12" week data compared
with baseline
T2DEEC Group  Control Group

Mean difference

Mean difference

p-value p-value p-value p-value
Adiposity variables
Weight (kg)
Male -4.6 £2.4% -1.2+£0.8 -8.2 £3.5% 2.1+£1.2
p=0.001 p=0.212 p=0.0001 p=0.06
Female -1.8£1.1% 2.5+9.3* -12.5+4.6* 2.4 +£1.2%
p=0.003 p=0.04 p=0.0001 p=20.03
Body mass index
(Kg/m?)
Male -1.6 £ 0.9% -0.6 £0.1 -4.7+£2.3% -1.5+£0.8
p=0.003 p=0.103 p =0.0002 p=0.06
Female -2.7+£1.5% 1.8+0.5 -6.1 £3.9% -1.2+£03
p=0.002 p=0.204 p=0.0001 p=0.211
Waist circumference
(cm)
Male -2.3+£1.4% 0.5+0.1 -3.1 £ 1.5% -0.8+£0.3
p=0.004 p=0.344 p=0.002 p=20.08
Female -0.8+£0.2 0.7+0.3 -2.5+1.4% 0.8+0.1
p=0.524 p=0.451 p=0.04 p=0.256
Percent body fat (%)
Male -5.6+2.0 1.3+0.8 -8.7£2.5% -14+1.8
p=0.08 p=0.07 p=0.0001 p=0.06
Female -49+28 -1.2+14 -6.0 £4.1* 3.1+14
p=0.06 p=0.28 p=0.0001 p=20.08
Exercise
characteristics
Aerobic exercise 29.2 + 6.3*% 23+1.1 56.5 £ 8.9* 51+2.4
time/week (mins) p=10.0001 p=0.186 p=0.0001 p=0.141
Resistance exercise 189 +4.1% 0.0 42.3 £7.6* 0.0
time/week (mins) p=0.0001 p=0.0001
Mobilization exercise 17.7 +4.8% 0.0 39.8£4.2* 0.0
time/week (mins) p=0.0001 p=0.0003
Foot care exercise 20.6 £5.3* 0.00 28.1 £4.8* 0.00
time/week (mins) p=0.0001 p=0.002
Number of exercise 3.1+1.6* -0.8+0.2 3.8+ 1.0* -0.6 0.2
days/week p=0.0001 p=0.233 p=0.0001 p=0.241

*Significant differences are asterisked

types of exercises, a situation that suggests
the need for exercise education among the
patients. Physical exercise had long been
documented as an important component of the
diabetes self-care effort, but a previous study
reported by Safford et al’* had reported a
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limited allocation of time to self-care efforts
by patients with diabetes. According to the
study, many patients skipped individual self-
care elements with 37.9% reporting no foot
care, and 37.7% reporting no exercise. The
participants in the T2DEEC group improved
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in their exercise performance following the
administration of the T2DEEC. They were
observed to have spent significantly longer
time exercising, with time increment at the
12™ week reaching over 50 minutes of aerobic
exercise, over 40 minutes for resistance
exercise, close to 40 minutes for joint
mobilization exercise, and close to 30 minutes
for foot care exercises giving a total average
of about 160 minutes per week of exercises.
This falls within the weekly range of exercise
duration prescribed for health enhancement.’*
'0n the other hand, the participants in the
control group accumulated only an additional
average duration of about 5 minutes per week
on aerobic exercise with zero time maintained
for the other three types of exercises
throughout the 12 weeks. The significant
accumulation of time in all the four types of
exercise protocols may be the reason why
there were significant improvements in the
adiposity variables of participants in the
T2DEEC group compared to that of the
participants in the control group which
recorded no significant improvements in
adiposity variables. Individual and combined
use of aerobic and resistance exercise have
been shown to be particularly effective in
improving adiposity variables of patients with
T2DM>. Joint mobilization and foot care
exercises in water have also been documented
to be of benefit to the neuromusculoskeletal
health of patients with T2DM™'%!2,

The clinical application of this study is in its
ability to demonstrate the usefulness of
applying  physical  exercise  education
curriculum for the improvement of health of
patients with T2DM. The study suggests that
the T2DEEC when introduced to patients with
T2DM is capable of increasing their physical
exercise performance and also provides
clinical benefits on adiposity variables of the
participants. A major strength of the study is
the fact that it demonstrates the usefulness of
a simple but comprehensive curriculum for
the teaching of physical exercise to patients
with T2DM in a routine diabetes clinic. The
fact that the curriculum compiled simple and
locally adaptable resources, and translated
different research findings into a single
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curriculum for the execution of exercises
without sophistication of equipment made it
useful for application at primary care settings.
Another important strength of the curriculum
is that apart from teaching the patients how to
exercise, the curriculum also presented basic
knowledge about various exercise issues
which helped the patients to take informed
decision to adhere to the exercise
programmes. A limitation of the study is the
fact that the participants went through the
programmes unsupervised after they had
received the education. It was a home based
exercise programme and strict monitoring
was not possible except when they came
around for check-up. The exercise programme
was deliberately made to be home programme
in order to erode the feelings that physical
exercise could only be done effectively within
the confines of the clinic or gymnasium.
However, the fact that the participants in the
T2DEEC group performed better in respect of
the adiposity markers may signal the fact they
were able to adhere to the programme.
Another limitation is that this curriculum was
designed for and tested on patients with
T2DM, hence its applicability on patients
with other forms of diabetes needs to be
verified.

CONCLUSIONS:

In conclusion, the participants in the T2DEEC
group were able to achieve the pre-set
learning objectives of the curriculum. The
curriculum facilitated their increased exercise
performance with respect to the type of
exercise, accumulated time spent on the
exercises and the number of days spent doing
the exercises. The improved adherence to the
exercise programme by the participants in the
T2DEEC group also provided an expanded
benefit of improving their adiposity variables.
In addition to merely telling patients with
T2DM to exercise, the T2DEEC is
recommended for use as a hands-on teaching
guide in physical exercise education for
patients with T2DM.

Acknowledgement:
The University of Ibadan is highly
appreciated for providing the grant (Senate

231



Adeniyi et al.

Research Grant: SRG/FCS/2010/1*) towards
the execution of this study. The authors are
also indebted to the participants who followed
through the curriculum.

Any conflict of interest:
Authors declare no conflict of interests.

REFERENCES:

1.

10.

11.

12.

Colberg SR, Sigal RJ, Fernhall BO, et al. The
American College of Sports Medicine and the
American Diabetes Association: joint position
statement. Diabetes Care. 2010; 33: e147-e167.
Morrato EH, Hill JO, Wyatt HR, Ghushchyan V,
Sullivan W. Are health care professionals advising
patients with diabetes or at risk for developing
diabetes to exercise more? Diabetes Care.2006;
29: 543-548.

Mullooly CA, Kemmis KL. Diabetes educators
and the exercise prescription. Diabetes
Spectr.2005; 18: 108-113.

Tudor-Locke CE, Myers AM, Rodger NW.
Development of a theory-based daily activity
intervention for individuals with type 2 diabetes.
Diabetes Educ.2001; 27: 85-93.

Rickheim PL, Weaver TW, Flader JL, Kendall
DM. Assessment of Group Versus Individual
Diabetes Education: A randomized study.
Diabetes Care.2002; 25: 269-274.

Knowles J, Waller H, Eiser C, et al. The
development of an innovative education
curriculum for 11-16 yr old children with type 1
diabetes mellitus (T1DM). Pediatr Diabetes. 2006;
7:322-328.

Bielamowicz MK, Pope P, Rice CA. Sustaining a
creative community-based diabetes education
program: motivating Texans with type 2 diabetes
to do well with diabetes control. Diabetes
Educ.2013; 39:119-127.

Warren G. Practical mamangement of neuropathic
feet. Trop Doct. 2002; 32: 201-205.

Brandon LJ, Gaasch Da, Boyette LW, Lloyd AM.
Effects of long-term resistance training on
mobility and streentgh in older adults with
dsiabetes. J Gerontol A BiolSci Med Sci. 2003; 58:
M740-M745.

Smith LL, Barnet SP, McNeil JD. Musculoskeletal
manisfestations of diabetes mellitus. Br J Sports
Med. 2003; 37: 30-35.

Marcus RL, Smith S, Morrell G, et al. Comparison
of combined aerobic and high-force eccentric
resistance exercise with aerobicexercise only for
people with type 2  diabetes mellitus.
PhysTher.2008; 88: 1345-1354.

Adeniyi AF, Fasanmade AA, Sanya AO, Borodo
M. Neuromusculoskeletal disorders in patients
with type 2 diabetes mellitus: outcome of a
twelve-week therapeutic exercise programme.
Niger J ClinPract. 2010; 13: 403-408.

© Sudan JMS Vol. 9, No.4. Dec 2014

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

232

Stepping Up Physical Exercise Among Nigerian Patients With Type 2 Diabetes

Chae JS, Kang R, Kwak JH, et al. Supervised
exercise program, BMI, and risk of type 2 diabetes
in subjects with normal or impaired fasting
glucose. Diabetes Care.2012; 35: 1680-1685.
Egger A, Niederseer D, Diem G, et al. Different
types of resistance training in type 2 diabetes
mellitus: effects on glycaemic control, muscle
mass and strength. Eur J
CardiovascPrevRehabil.2013; 20: 1051-1060.
Hall JG, Froster-Iskenius VG, Allanson JE.
Handbook of normal physiological
measurements. (1% Ed.). Oxford Publications. New
York 1989; 78-79.

Martin MV, Gomez GB, Antoranz GM, Fernandez
HS, Gomez DL, de Oya OM. Validation of the
Omron BF 300 monitor for measuring body fat by
bioelectric impedance. Aten Primaria. 2001; 28:
174-181.

Omron Manual. “Body fat monitor instruction
manual”, Omron Healthcare Company, Kyoto,
Japan 2004; 4-7.

Wilmore JH, Costill DL, “Physiology of sport and
exercise”. (3 Ed).  Human Kinetics,
Champaign 2004; 665-697.

Tulloch-Reid MK, Williams DE, Looker HC,
Hanson RL, Knowler WC. Do measures of
bodyfat distribution provide information on the
risk of type 2 diabetes in addition to measures of
general obesity?: comparison of anthropometric
predictors of type 2 diabetes in Pima Indians.
Diabetes Care.2003; 26: 2556-2561.
Koh-Banerjee P, Wang Y, Hu FB, Spiegelman D,
Willett WC, Rimm EB. Changes in body weight
and bodyfat distribution as risk factors for clinical
diabetes in US men. Am J Epidemiol.2004; 159:
1150-1159.

Fujimoto WY, Jablonski KA, Bray GA, et al. for
the Diabetes Prevention Program Research Group.
Body size and shape changes and the risk of
diabetes in the Diabetes Prevention Program.
Diabetes. 2007; 56: 1680 - 1685.

Vazquez G, Duval S, Jacobs Jr. DR, Silventoinen
K. Comparison of body mass index,
waistcircumference, and waist/hip ratio in
predicting incident diabetes: a meta-analysis.
Epidemiol Rev.2007; 29: 115-128.

Friedl KE. Waistcircumference threshold values
for type 2 diabetes risk. J DiabetesSci Technol.
2009; 3: 761-769.

Sigal RJ, Kenny GP, Wasserman DH, Castaneda-
Sceppa C. Physicalactivity/exercise and type 2
diabetes. Diabetes Care. 2004; 27: 2518-2539.
Adeniyi AF, Sanya AO, Fasanmade AA, Uloko
AE. Increase in adiposity of type 2 diabetes
patients following withdrawal from therapeutic
exercise. African Journal of Physiotherapy and
Rehabilitation Sciences. 2009; 1: 12-17.

Adeniyi AF, Adeleye JO, Adeniyi CY. Diabetes,
sexual dysfunction and therapeutic exercise: a 20
year review. Curr Diabetes Rev. 2010; 6: 201-206.



Adeniyi et al.

27.

28.

29.

deMoura BP, Natali AJ, Marins JCB, Amorim
PRS. Different approaches of physical training
used in the management of type 2 diabetes: a brief
systematic review of randomised clinical trials. Br
J Diabetes Vasc Dis. 2011; 11: 210-216.
Geirsdottir OG, Arnarson A, Briem K, Ramel A,
Jonsson PV, Thorsdottir I. Effect of 12-week
resistance exercise program on body composition,
muscle strength, physical function, and glucose
metabolism in healthy, insulin-resistant, and
diabetic elderly Icelanders. J Gerontol A BiolSci
Med Sci. 2012; 67: 1259-1265.

Adeniyi AF, Uloko AE, Ogwumike OO, Sanya
AOQ, Fasanmade AA. Time course of improvement
of metabolic parameters after a 12 week physical
exercise programme in patients with type 2
diabetes: the influence of gender in a Nigerian
population. Biomed Res Int. 2013;
doi.org/10.1155/2013/310574

© Sudan JMS Vol. 9, No.4. Dec 2014

30.

31.

32.

33.

233

Stepping Up Physical Exercise Among Nigerian Patients With Type 2 Diabetes

Albright A, Franz M, Hornsby G, et al. American
College of Sports Medicine Position Stand:
exercise and type 2 diabetes. Med Sci Sports
Exerc. 2000; 32: 1345-1360.

Jakicic JM, Clark K, Coleman E, et al. American
College of Sports Medicine position stand:
Appropriate intervention strategies for weight loss
and prevention of weight regain for adults.MedSci
Sports and Exerc. 2001; 33: 2145-2156.

Safford MM, Russell L, Dong-Churl S, Roan S,
Pogach L. How much time do patients with
diabetes spend on self-care? J Am Board
FamPract. 2005; 18: 262-270.

Maiorana A, O'Driscoll G, Goodman C, Taylor R,
Green D. Combined aerobic and resistance
exercise improves glycemic control and fitness in
type 2 diabetes. Diabetes Res ClinPract. 2002; 56:
115-123.



