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Abstract
Background: Studying post-prandial fluctuations in blood glucose has high physiological and clinical relevance.
Physical exercise is known to influence this fluctuation.
Objectives: To determine the gender difference in glucose tolerance following physical exercise in a population of
university students.
Methods: A total of 146 students were randomly selected from the Olabisi Onabanjo University, Sagamu, Ogun State,
southwest Nigeria. Following overnight fast, Oral Glucose Tolerance Test (OGTT) was carried out. Pre-exercise, fasting
blood glucose (FBG) was measured at 0 mins, and after oral glucose load of 75 grams at 30 minutes intervals for 2
hours. The physical exercise involved cycling using a bicycle ergometer for an hour. Thereafter, OGTT was conducted
again 1 hour post-exercise.
Results: The ages of the subjects ranged from 20 years to 49 years. There were 73 (50.0%) females. The mean Body Mass
Index (BMI) of 23.5±1.1 kg/m2 for females was comparable to 22.8±0.3 kg/m2 for the males (p = 0.571). Seven (9.6%)
females were obese compared to 2 (2.7%) males. The mean post-prandial blood glucose increased from 71.6±1.6 mg/dl
to 90.8±1.8 mg/dl after oral glucose load and thereafter to 88.0±4.2 mg/dl at 120 minutes among males. The postexercise blood glucose patterns included a significant reduction in the mean FBS for males compared to females
(64.5±1.9 mg/dl vs. 71.7±1.9 mg/dl; p = 0.001)
Conclusions: Glucose tolerance with exercise is better in females than males. The clinical importance of physical
exercise lies in its effect on glucose tolerance.
Keywords: Bicycle Ergometer, Exercise, Glucose tolerance, Oral Glucose Tolerance Test.

Introduction
In Nigeria, the current prevalence rate of
Diabetes mellitus (DM) among adults aged 20–

69 years is reported to be 1.7%. [1] It is widely
perceived that prevalence figures reported by the
International Diabetes Foundation (IDF) grossly
under-reported the true burden of DM in Nigeria,
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given that the figures were derived through the
extrapolation of data from other countries.
Various researchers have reported prevalence
rates ranging from 2% to 12% across the country
in recent years. [2] The last time a nationwide
population estimate of DM was undertaken in
Nigeria was during the 1992 Nigerian National
Non-communicable Diseases (NCD) survey,
where DM was said to occur in 2.2% of the
population. [1]
Poor insulin sensitivity (IS or insulin resistance)
is the basic defect resulting in the development of
Type 2 Diabetes mellitus (T2D) and it is often
associated with a clustering of abnormalities such
as hyperinsulinemia, impaired glucose tolerance
(IGT), hypertension, and dyslipidaemia. [1]
Insulin resistance and IS can be measured
directly, [2] or estimated from the glucose and
insulin responses to an oral glucose tolerance test
(OGTT). [2] Elevated glucose and insulin
responses to OGTT reflect a diminution of
glucose tolerance and increased insulin
resistance, respectively.
It was recently shown that concentric exercise
(CE) (muscle shortening contractions) and
eccentric exercise (EE) (muscle lengthening
contractions) and endurance exercises (walking
uphill and downhill) are similarly effective in
improving glucose and lipid metabolism in
sedentary healthy subjects. [3] Although using
different training protocols, Pascalis, et al. [4]
demonstrated that EE positively modified insulin
resistance and glucose tolerance in both sexes.
When considering energy expenditure, these
adaptations to glucose tolerance seems superior
compared to those elicited by CE. [3, 5]
Nevertheless, the results remain controversial as
other studies failed to show equal or better effects
after on glucose metabolism EE compared to CE,
[4,6] and physiological explanations are, up till
now, missing. Therefore, studying postprandial
fluctuations in blood glucose levels has high
physiological and clinical relevance. Aerobic

exercise is prescribed clinically for the prevention
and treatment of T2D because it improves
glycaemic control [7] and insulin sensitivity [8] in
obese and hyperglycaemic individuals.
There is a paucity of knowledge on the effect of
physical exercise using ergometer on glucose
tolerance concerning gender difference in
Nigeria. Most of the relevant previous studies
obtained by literature search were conducted in
the western world. There was none from the
African continent. Moreover, there has been no
accurate determination of the rate of endogenous
and exogenous glucose oxidation and the
subsequent effect of exercise using a bicycle
ergometer. Therefore, this study aimed to
determine the gender difference in glucose
tolerance following exercise in a population of
university students.

Methods
This was a cross-sectional study involving a total
of 146 students, aged 20 to 49 years who were
randomly selected at the Olabisi Onabanjo
University, Sagamu, Ogun State, southwest
Nigeria. Students with DM were excluded from
the study. The study was conducted between
June and November 2019.
Ethical considerations
Ethical clearance for the study was obtained from
the Health Research Ethics Committee (HREC) of
the Olabisi Onabanjo University Teaching
Hospital
(OOUTH),
Sagamu
(HREC/OOU/0020/2019).
Data collection
The bodyweight of each subject was recorded in
kilograms (to the nearest 1.0 kg) with only light
clothing on, using a calibrated bathroom
weighing scale (Soehnle Waagen GmbH and Co.
KG, D 71540 Murrhardt/Germany) positioned on
a firm horizontal surface. Height in meters was
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measured (to the nearest 0.1m) using a
stadiometer. Subjects stood erect, without shoes
and headgears, on a flat surface with the heels
and occiput in contact with the stadiometer
(Prestige HM0016D; India). The Body Mass
Index (BMI) was subsequently calculated using
the formula: weight (kg)/ height2 (metres2).
Using the BMI, the following categorization of
participants was adopted:
Underweight – BMI < 18.5kg/m2
Normal – BMI 18.5-24.9 kg/m2
Overweight – BMI 25.0-29.9 kg/m2
Obesity – BMI >30 kg/m2
The subjects fasted overnight before the
commencement of data collection. Female
subjects were subjected to exercise protocol
during menstrual period days (3-8 days) to
minimize potential gender differences viz the
influence of ovarian hormones (oestrogen and
progesterone) on glucose tolerance. The fingertip
of each participant was cleaned and pricked with
a lancet each time blood glucose was measured
using Accu-Check® Glucometer. After ingestion
of 75g glucose, serial measurement of blood
glucose was done immediately and at 30 minutes
interval for two hours before physical exercise.
All the participants were then subjected to one
hour of cycling exercise using Bicycle Ergometer
(Lode Corival, Netherland). On the same day,
serial measurement of blood glucose was done
immediately after the exercise and at 30 minutes
intervals for two hours thereafter.
Data analysis
The data were analysed using the Statistical
Programme for Social Sciences (SPSS) version
25.0. Categorical variables were described as
percentages and continuous variables as means
and standard deviations. The Student’s t-test was
used to compare the mean values of the variables.

Probability values less than 0.05 were considered
statistically significant.

Results
Demographics (Tables I and II)
A total of 146 students were studied. Their age
range was 20 to 49 years. The 20 to 29 years age
group constituted the largest (75.3%) in the
population of participants. There were 73 (50.0%)
males and females respectively.
Physical profile
The mean BMI for females was 23.5±1.14 kg/m2
compared to 22.8±0.37 kg/m2 for males but the
difference lacked statistical significance (p =
0.571). Table I shows that 9.6% of females were
obese compared to 2.7% of males.
The pattern of glucose tolerance
Comparison of pre-exercise blood glucose levels among
males and females (Table III)
0 minute: The mean FBS of males was
significantly lower than that of females (71.6±1.60
mg/dl vs. 83.3±2.63 mg/dl (p = 0.000).
30 minutes: The mean blood glucose level was
significantly lower among males compared to
females (90.8±1.8 mg/dl vs. 101.8±3.33 mg/dl (p
= 0.001).
60 minutes: The mean blood glucose level of
males was significantly lower compared to the
mean level for females (91.4±3.3 mg/dl vs.
111.6±3.5 mg/dl (p = 0.000).
90 minutes: The mean blood glucose level of
males was comparable to that of females
(100.7±3.91 mg/dl vs. 100.2±3.10 mg/dl (p =
0.924).
120 minutes: The mean blood glucose levels of
males and females were comparable (88.0±4.22
mg/dl vs. 87.4±3.05 mg/dl (p = 0.920).
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Table I: Demographic and clinical characteristics of the study participants
Characteristics

Categories

Age Group (Years)

20-29

Total
(n=146)
110 (75.3)

30-39
40-49
BMI
(kg/m2)

Group

Female
(n=73)
52 (71.2)

18 (12.3)
18 (12.3)

Male
(n=73)
58
(79.5)
6 (8.2)
9 (12.3)

Underweight

20 (13.7)

7 (9.6)

13 (17.8)

Normal weight

88 (60.3)

35 (47.9)

Overweight

29 (19.9)

Obesity

9 (6.2)

53
(72.6)
11
(15.1)
2 (2.7)

12 (16.4)
9 (12.3)

18 (24.7)
7 (9.6)

Table II: Comparison of the mean age, weight and BMI among males and females
Parameters
Age (years)
Weight (kg)
BMI (kg/m2)

Male
26.6±1.4
67.4±1.1
22.8±0.3

Female
26.1±1.5
65.6±3.2
23.5±1.1

t
0.209
0.526
0.567

p-value
0.835
0.599
0.571

Table III: Comparison of the pre-exercise mean blood glucose levels during Oral Glucose Tolerance Tests among
males and females
Time
(Minutes)
0
30
60
90
120

Blood Glucose Level (mg/dl)

t

p-value

Male (n = 73)
71.6±1.6
90.8±1.8
91.4±3.3
100.7±3.9
88.0±4.2

3.794
2.898
4.132
0.096
0.099

0.000*
0.004*
0.000*
0.924
0.920

Females (n = 73)
83.3±2.6
101.8±3.3
111.6±3.5
100.2±3.1
87.4±3.0

Comparison of post-exercise blood glucose levels
among males and females (Table IV)
0 minute: The mean FBS of males was
significantly lower compared to that of females
(64.5±1.9 mg/dl vs. 71.7±1.98 mg/dl (p = 0.001).
30 minutes: The mean blood glucose level of
males was significantly lower compared to the
value for females (80.5±1.6 mg/dl vs. 90.3±2.5
mg/dl (p = 0.002).
60 minutes: The mean blood glucose level of
males was significantly lower than the value for
females (84.4±3.02 mg/dl vs. 100.6±2.95 mg/dl (p
= 0.000).

90 minutes: The mean blood glucose level of
males was comparable to that of females
(93.9±3.47 mg/dl vs. 93.3±2.6 mg/dl (p = 0.893).
120 minutes: The mean blood glucose of males
was comparable to that of females (83.2±3.92
mg/dl vs. 83.0±2.93 mg/dl (p = 0.972).
Figure 1 shows the graphical representation of
glucose tolerance pre-exercise and 120 minutes
post-exercise. Glucose uptake was higher in
females compared to males, p = 0.000 postexercise.
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Table IV: Comparison of the post-exercise mean blood glucose levels during Oral Glucose Tolerance Tests among
males and females
Time
(Minutes)
0
30
60
90
120

Blood Glucose Level (mg/dl)

T

p-value

Male (n =73)
64.52±0.91
80.50±1.69
84.46±3.02
93.91±3.47
83.24±3.92

3.327
3.236
3.823
0.133
0.035

0.001*
0.002*
0.000*
0.893
0.972

Female (n = 73)
71.77±1.98
90.32±2.52
100.60±2.95
93.33±2.60
83.07±2.93

Figure 1: Glucose tolerance with Time and Gender differences of the study groups
○ Male- Before exercise; □ Male- After exercise; Х Female- Before exercise; ∆ female- After exercise

Discussion
In the present study, it was observed that there
were significant differences in glucose tolerance
between male and female participants up to 60
minutes. However, there was no significant
difference in the mean blood glucose levels for
both sexes at 120 minutes after glucose meal,
before and after physical exercises. This may be
attributed to the biological and genetic make-up

of the body of females vis- a- vis increase in both
the visceral and total body fats and greater
insulin resistance. It may also be hormonal in
nature, concerning the females. [5] The significant
changes in OGTT following physical exercise
agree with the report of the only other single-bout
of exercise study in which OGTT was measured.
[5]
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Although the focus of the present study
precluded the identification of specific
mechanisms underlying the exercise-induced
changes observed, it is reasonable to infer that the
reduced mean blood glucose after physical
exercise was most likely because of two factors. [9]
The primary sources of adenosine triphosphate
(ATP) during exercise are derived from highenergy phosphagen breakdown, glycogenolysis,
and lipolysis of intramyocellular lipids.
Depletion of intramuscular energy substrates has
a beneficial effect on glucose uptake. The greater
improvements observed after physical exercise
suggest greater substrate use. Secondly, the
increase in glucose uptake most likely resulted
from a protracted post-exercise increase in IS that
may persist for approximately 48 hours after
exercise. [9] In summary, this is the first study to
examine the effects of a single bout of one hour of
exercise on OGTT responses relative to a higher
volume exercise protocol of like intensity.
Glucose tolerance significantly improved only
after exercise. Although the data from this study
confirmed previous research findings that higher
doses of exercise tend to yield greater
improvements in glucoregulatory control, this
principle may be counterproductive in certain
populations who are untrained, obese, and have
a low exercise tolerance. However, program
adherence is a major obstacle for many
individuals who are obese and have never
participated in a structured exercise program.

progressively increase physical exercise for most
individuals seeking to improve glucoregulatory
control. Conversely, although a systematic
increase in total volume may tend to improve
glucose tolerance and IS in many individuals, an
alternative strategy may need to be considered
for individuals who are obese and have been
previously inactive. [9]

Therefore, it is essential to establish a prescription
for appropriate exercise volume that will be
sufficient to elicit improvements in glucose
regulation while minimizing the attrition rate in
these individuals. Based on the findings in the
present study, health fitness professionals, to
maximize both benefits and compliance, should
consider the following with respect to prescribing
exercise volume. Performing higher volumes of
exercise will typically maximize improvements
in glucose tolerance and IS. Therefore,
practitioners
should
typically
seek
to

Regardless of the characteristics of the sample
size and type of exercise deployed, glucose
tolerance reduced in the hour following an
exercise session. However, the reduction was
beneficial if the exercise was performed as a
preventive strategy and in physically active
individuals who were not yet on medications.
The study has reinforced the possibility that
exercise improves and has a beneficial role in
metabolic health. Based on the outcome of this
study, people with metabolic syndrome should
engage in exercise daily as it has been proven to

The improvement in glucose tolerance postexercise in the present study is similar to the
finding reported by Adeleke and Ayendegbara,
[10] where the effect of physical exercise,
appropriate diet and lifestyle modification was
reviewed. The findings in the present study with
regards to sex differences corroborated the report
of Prasanna, et al. [11] where it was stated that the
1-hour plasma glucose value during OGTT is a
good predictor of future dysglycaemia among
subjects with normal glucose tolerance. [11]
The inability to conduct the OGTT over a longer
period and the possibility of other underlying
health challenges in the subjects which were not
identified at the time of study may be limitations
to the study. These are interesting issues to be put
into consideration for future investigations.
Indeed, prospective studies to be conducted over
years are desirable.

Conclusion
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A weekly bout of eccentric exercise is sufficient
to induce health-promoting effects. Med Sci
Sports Exerc. 2011; 43: 64–73.

improve metabolic health. The clinical
importance of physical exercise may be a useful
intervention.

Acknowledgement: The authors hereby acknowledge
the intellectual support of all the adjunct staff of
Olabisi Onabanjo University, Sagamu, Nigeria during
the data analysis and drafting of the manuscript. All
the students who volunteered to participate in the
study are also appreciated.
Authors’ Contributions: TEO conceived and designed
the study and drafted the manuscript. TEO did the
literature review, data analysis and interpretation.
TLO participated in drafting the manuscript. Both
authors approved the final version of the manuscript.
Conflict of Interest: None declared.
Funding: Self-funded.
Publication History: Submitted 05 August 2020;
Accepted 24 October 2020.

5.

Jensen TE, Richter EA. Regulation of glucose
and glycogen metabolism during and after
exercise. J Physiol 2012; 590: 1069–1076.

6.

Cook MD, Myers SD, Kelly JS, Willems ME.
Acute Post-Exercise Effects of Concentric and
Eccentric Exercise on Glucose Tolerance. Int J
Sport Nutr Exerc Metab 2015; 25: 14–19.

7.

Church TS, Blair SN, Cocreham S, Johannsen N,
Johnson W, Kramer K, et al. Effects of aerobic
and resistance training on hemoglobin A1c
levels in patients with Type 2 Diabetes: a
randomized controlled trial. JAMA 2010; 304:
2253-2262.

8.

Slentz CA, Bateman LA, Willis LH, Shields AT,
Tanner CJ, Piner LW, et al. Effects of aerobic vs.
resistance training on visceral and liver fat
stores, liver enzymes, and insulin resistance by
HOMA in overweight adults from STRRIDE
AT/RT. Am J Physiol Endocrinol Metab 2011;
301: E1033-1039.

9.

Hales D. An invitation to Health, 2009-2010
Edition. Boston, MA: Wadsworth Cengage
Learning; 2009.

References
1.

2.

International Diabetes Federation. Diabetes
Atlas. 8th Edition. Brussels: International
Diabetes Federation; 2017.
Bertram MY, Lim SS, Barendregt JJ, Vos T.
Assessing the cost-effectiveness of drug and
lifestyle intervention following opportunistic
screening for pre-diabetes in primary care.
Diabetologia 2010; 53: 875–881.
https://doi.org/10.1007/s00125-010-1661-8.

3.

Zeppetzauer M, Drexel H, Vonbank A, Rein P,
Aczel S, Saely CH. Eccentric endurance exercise
economically improves metabolic and
inflammatory risk factors. Eur J Prev
Cardiol 2013; 20: 577–584.

4.

Paschalis V, Nikolaidis MG, Theodorou AA,
Panayiotou G, Fatouros IG, Koutedakis Y, et al.

10. Adeleke OR, Ayenigbara GO. Preventing
Diabetes Mellitus in Nigeria: Effect of Physical
Exercise, Appropriate Diet, and Lifestyle
Modification. Int J Diabetes Metabolism 2019;
25: 85-89. https://doi.org/10.1159/000502006.
11. Prasanna NS, Amutha A, Pramodkumar TA,
Anjana RM, Venkatesan U, Priya M, et al. The 1
h post glucose value best predicts future
dysglycemia among normal glucose tolerance
subjects. J Diabetes Complications 2017; 31:
1592-1596.
https://doi.org/10.1016/j.jdiacomp.2017.07.01
7.

This is an Open Access document licensed for distribution under the terms and conditions of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by-nc/4.0). This permits
unrestricted, non-commercial use, reproduction and distribution in any medium provided the original
source is adequately cited and credited.

Annals of Health Research. Volume 6, Issue No 4, 2020_________________________438

