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SUMMARY

Background: Creatinine (Cr) has been implicated as
an independent predictor of hypertension and exercise
has been reported as adjunct therapy for hypertension.
The purpose of the present study was to investigate the
effect of continuous training programme on blood pres-
sure and serum creatinine concentration in black Afri-
can subjects with hypertension.

Methods: Three hundred and fifty seven male patients
with mild to moderate (systolic blood pressure [SBP]
between 140-180 & diastolic blood pressure [DBP]
between 90-109 mmHg) essential hypertension were
age matched and randomly grouped into continuous &
control groups. The continuous group involved in an §
weeks continuous training (60-79% HR reserve) of
between 45minutes to 60 minutes, 3 times per week,
while the control group remain sedentary. SBP, DBP,
VO;max, serum Cr, body mass index (BMI), waist hip
ratio (WHR) and percent (%) body fat. Analysis of
covariance (ANCOVA) and Pearson correlation tests
were used in data analysis.

Results: Findings of the study revealed significant
decreased effects of continuous training programme on
SBP, DBP, Cr, BMI, WHR, % body fat and significant
increase in VO,max at p< 0.05. Serum Cr is signifi-
cantly and negatively correlated with SBP (-.335), DBP
(.194), BMI (.268), WHR (-.258) and % body fat (-
.190) at p<0.05.

Conclusion: The present study demonstrated a ra-
tionale bases for the adjunct therapeutic role of moder-
ate intensity continuous exercise training as a multi-
therapy in the down regulation of blood pressure, se-
rum Cr, body size and body fat in hypertension.

Key words: Hypertension; Blood pressure; Creatinine;
body size; body fat; Africa.
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INTRODUCTION

Hypertension is particularly prevalent among African
subjects, with 59% being affected. > Because of the
high and increasing prevalence of hypertension and its
concomitant risks of cardiovascular events (such as
stroke, kidney disease, decreased disability adjusted
and mortality), hypertension has been claimed to be a
major global health problem and public-health
challenge; demanding a vast proportion of health care
resources directly and indirectly.™

Hypertension can lead to kidney disease or exist as a
co-morbid condition of kidney disease and can
contribute to kidney disease progression. The relation-
ship between blood pressure and incidence of renal
disease has been shown to be positive and continuous
throughout the entire spectrum of blood pressure cate-
gories. However, serum creatinine concentration is
widely interpreted as a measure of the glomerular fil-
tration rate (GFR) and is used as an index of renal
function in clinical practice.

Hypertension can cause damage to the kidney's filtra-
tion ability; hypertension-associated renal dysfunction
is manifested primarily by increases in serum
creatinine level. However, genetics, ethnicity and inter-
racial differences in the development of hypertension,
kidney disease and serum creatinine concentration have
been reported and blacks are more prevalent to the de-
velopment of hypertension, kidney disease and elevat-
ed serum creatinine level than whites.”

It has also been postulated that the genetic factor in-
creasing the propensity of black people of sub-Saharan
African descent to develop high blood pressure is the
relatively high activity of creatine kinase, predominant-
ly in vascular and cardiac muscle tissue. Such greater
activity of creatine kinase has been reported in skeletal
muscle of black untrained subjects and has also been
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reported to be almost twice the activity found in white
subjects. Therefore, greater cellular activity of creatine
kinase might explain the greater hypertension risk and
the clinical characteristics of hypertensive disease ob-
served in the black population. '

To the best of our knowledge, there are few large ran-
domized controlled trials investigating the association
between exercise training and serum creatinine concen-
tration in hypertension, and of those few studies, none
has investigated these effects on pure black African
population. However, heredity'' and genetical'*'* fac-
tors have been implicated in the causative of hyperten-
sion and creatinine production. There is also the possi-
bility of the effects of genotypes in responses to exer-
cise and physical activity in hypertension.'* These in-
terpersonal and interracial differences clearly indicate
the needs for study on pure older black African popula-
tion. Therefore, the purpose of the present study was to
investigate the effect of continuous training programme
on blood pressure and serum creatinine concentration
in black African subjects with hypertension.

MATERIALS AND METHODS

Study design

In the present study, age-matched randomized inde-
pendent pretest--posttest--control group design was
used to determine the influence of the continuous train-
ing programme on blood pressure and serum creatinine
concentration.

Subjects

The population for the study was male essential hyper-
tensive subjects attending the hypertensive clinic of
Murtala Muhammed Specialist Hospital Kano Nigeria.
Subjects were fully informed about the experimental
procedures, risk, and protocol, after which they gave
their informed consent.

Inclusion criteria

Only those who volunteered to participate in the study
were recruited. Subjects between the age range of 50
and 70 years with chronic mild to moderate and stable
(> 1 year duration) hypertension (systolic blood pres-
sure [SBP] between 140-179 & diastolic blood pressure
[DBP] between 90-109 mmHg) were selected. Only
those who had stopped taking antihypertensive drugs or
on a single antihypertensive medication were recruited.
13 They were sedentary and have no history of psychia-
try or psychological disorders or abnormalities.

Exclusion criteria

Underweight and obese (BMI < 18.5 & > 30 kg/m’
respectively), smokers, alcoholic, diabetic, other cardi-
ac, renal, respiratory disease patients were excluded.
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Those involved in vigorous physical activities and
above averagely physically fit (VO,max >27 and >33
ml/kg.min for over 60 and 50 years old respectively)
were also excluded.

Randomization of subjects

Subjects’ age were arranged in ascending order (50 to
70 years) and then assigned to continuous and control
groups in an alternating pattern (age matched).

Intervention

Outcome measures: The study outcome measures in-
cluded the SBP, DBP, and VO,max and serum creati-
nine concentration.

Procedures

Pretest procedure:

All subjects on antihypertensive drugs were asked to
stop all forms of medication and in replacement, were
given placebo tablets (consisted of mainly lactose and
inert substance) in a double blind method. '° Also sub-
jects including those not on any antihypertensive medi-
cations were placed on placebo tablets for one week (7
days); this is known as “Wash out period”. The pur-
pose of the wash out period was to get rid of the effects
of previously taken antihypertensive medications. Dur-
ing the wash out period all subjects were instructed to
report to the hypertensive clinic for daily blood pres-
sure monitoring and general observation. All pretest
procedures were conducted at the last day of the wash
out period. Subjects resting (pre training) heart rate
(HR), SBP, and DBP were monitored from the right
arm as described by Musa et al. 7 using an automated
digital electronic BP monitor (Omron digital BP moni-
tor, Medel 11 EM 403c; Tokyo Japan).

Anthropometric measurement: Subjects’ physical char-
acteristics (weight [kg] & height [m]) and body com-
position (body mass index [BMI] (kg/m?)) assessment
was done in accordance with standardized anthropo-
metric protocol. "*Blood Sample Collection (Venipunc-
ture Method): Pre-treatment venous blood samples
were obtained after about 12 hour overnight fast (fast-
ing blood sample). Five ml syringe was used for blood
sample collection, using the procedure described by
Bachorik. ' Serum creatinine concentrations: serum
creatinine concentration was determined using Colori-
metric method with deproteinization with the Randox
kit and manuals by Randox Laboratory, Antrim, United
Kingdom.

Pretest stress test:
The Young Men Christian Association (YMCA) sub-
maximal cycle ergometry test protocol was used to
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assess subject’s aerobic power (VO,max) as described
by ACSM.”

The stress test (pre & post training) was conducted
under the supervision of experts in basic life support
care and the emergency unit of the hospital was made
ready to accommodate any incident that might occur
during the stress test.

Test (training) procedure

Training programme: Following stress test and prior to
the exercise training, all subjects in both control and
continuous groups were re-assessed by the physician
and were prescribed with antihypertensive drug; me-
thyldopa as necessary . Methyldopa was preferred be-
cause it does not alter normal haemodynamic responses
to exercise > and it is a well-tolerated antihypertensive
drug in Africa ** and mostly prescribed in the northern
part (Kano) of Nigeria where the study was conducted
and useful in the treatment of mild to moderately se-
vere hypertension. ** Subjects maintain these prescrip-
tions with regular medical consultation and observation
through-out the period of exercise training.

Intervention

The exercise group (group 1): Subjects in the exercise
group exercised on a bicycle ergometer at a low inten-
sity of between 60-79% of their HR reserve as recom-
mended by ACSM.** The starting workload was 100
kgm (17 watts) at a pedal speed of 50rpm; the work-
load was later increased to obtain a HR reserve of 60%.
This was increased in the first two weeks to and lev-
elled up at 79% HR reserve throughout the remaining
part of the training period. The exercise session was
increased from 45 minutes in the first two weeks of
training to and leveled up at 60 minutes throughout the
remaining part of the training. Exercise session of three
times per week was maintained throughout the 8 weeks
training period for continuous group.

The control group (group 2): Subjects in the control
group were advised not to undertake or involve in any
organized sports or structured exercise programme
during the 8weeks period of study.

Posttest procedure

Posttest wash out Period: At the end of the 8 weeks
training period, all subjects were asked to stop methyl-
dopa and subjects were prescribed placebo tablets for
one week as in pretest procedure. Posttest SBP, DBP,
VO2max and serum creatinine concentration and post-
test stress test were conducted as earlier described in
the pretest procedures using standardized protocols,
techniques and methods. All posttest procedures were
conducted at the last day of the posttest wash out peri-
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od. A total of 323 chronic and stable, essential mild to
moderate male hypertensive patients satisfied the nec-
essary study criteria. Subjects were aged matched and
randomly grouped into exercise (162) and control (161)
groups. Two hundred and seventeen subjects (112 from
exercise, and 105 from control group) completed the
eight weeks training program. One hundred and six
subjects (50 from exercise and 56 from control group)
had dropped out because of non-compliance, unfavora-
ble responses to methyldopa and exercise training or
had incomplete data; therefore, the data of 217 subjects
(exercise [112] and control [105]) were used in the
statistical analysis (Figure 1).
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WHR= -258* BMI=.268* % Fat= -.190*, SBP=.335%*,
DBP=.194*

Statistical analysis

Following data collection, the measured and derived
variables were statistically analyzed. The descriptive
statistics (Means and standard deviations) of the sub-
jects’ physical characteristics, estimated VO, max,
CRP, psychosocial status, and cardiovascular parame-
ters were determined. Analysis of covariance (AN-
COVA) was used to assess treatment outcomes; in the
ANCOVA, the post-test values were the outcome vari-
ables and pretest values as covariates. Pearson product
moment correlation test were computed for the varia-
bles of interest. In the correlation test, changed score
(the difference between subjects post-training and pre-
training measurements) were used as dependent
measures. All statistical analyses were performed on a
Toshiba compatible microcomputer using the statistical
package for the social science (SPSS), (Version 16.0
Chicago IL, USA). The probability level for all the
above tests was set at 0.05 to indicate significance.

¢ WHR
BMI

A %Fat

X SBP
DBP
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for eligibility (N=838)

Subjects with hypertension &5 ess5ed

Patients exduded for not meeting

the inclusioncriteria(n=515)

Patients randomized (N=323)

Allocated tocontinuous group (n=162)

Allocated tocontrolgroup (n=161)

Dis continued intervention
- Due tononfavourableresponses
to exercisetraining (n=20)

- Due to nonfavourableresponses
to methyl-dopai(n=30)

Analyzed(n=112)

RESULTS

The subjects’ age ranged between 50 and 70years.
Mean age, height and weight: of subjects in exercise
group were (58.63+7.22years, 1.73+6.97m and
67.49+10.16kg) respectively while for the Control
group Mean age, height and weight were (58.27
+6.24years, 1.68+5.31m, & 68.47£17.07 kg) respec-
tively. There was no significant difference in age (t=
215, p= .697), SBP (t=.540, p=.597), DBP (t=.530,
p=-597) and VOpmax (t=-.406, p= .685) between
groups. The physical characteristics of the subjects are
comparable (Table 1).

138

Dis continued intervention

- Dueto non favourable

res ponses tomethylkdopa
(n=25)

Lostto follow up

- Due to personal reas ons and
change of environment on
ground of proximity (n=31)

Analyied (n= 105)

Subjects’ pre and post treatment mean BP + SD
mmHg; serum creatinine and VO,max (mlkg".min™)
for the exercise and control groups are depicted in Ta-
ble 2. Groups changed score values and ANCOVA test
results (Table 3) indicated a significant effect in the
exercise groups over control in SBP, DBP, serum cre-
atinine, WHR, BMI, %body fat and VO, max at
p<0.05.
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Tablel Groups mean+ SD base line physical characteristics and Independent t-test (N=217)

* Significant, p< 0.05
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Variables Continuous group | Control group
pretest (n=112) pretest t-values p-values
X+SD (n=105)
X+SD
Age(years) 58.63+7.22 58.27+6.24 0.390 .697
SBP(mmHg) 170.45+15.57 160.87+13.23 0.540 .597
DBP(mmHg) 97.56+7.53 97.17+1.43 0.530 .597
VO,max(ml/kg/min) 20.69+12.49 21.23+5.76 0.406 .685
Weight (kg) 67.48+10.16 68.47+17.07 -0.514 .608
*Significant, p< 0.05
Table 2 Groups mean(X) and standard deviation (SD) pre and posttest values (N=217)
Variables Continuous Continuous Control pretest | Control posttest
pretest posttest X+SD X+SD
X+SD X+SD
SBP(mmHg) 170.45+15.57 157.82+23.91 160.87+13.23 163.47+14.88
DBP(mmHg) 97.56+7.53 94.83+7.21 97.17+£1.43 96.10+2.61
VO,;max (ml/kg/min) 20.69+12.49 28.68+13.60 21.23+5.76 22.82+7.44
Cr (mg/dl) 0.81£0.17 0.85+0.39 0.81+0.26 0.99+0.45
BMI (kg/m?) 22.48+2.89 22.41+£2.95 24.16+4.91 24.30+5.01
WHR (cm) 0.98+0.16 0.88+0.08 0.92+0.14 0.93+0.07
Body fat (%) 11.90+5.30 10.89+5.80 22.2749.82 22.2549.82
Table 3 Groups changed scores mean(X) + standard deviation (SD) and ANCOVA test (F) values (N =217)
Changed score values
X+SD
Variables F-values p-values
Continuous group Control group
n=112 n= 105
SBP(mmHg) -13.94+ 6.95 2.61+7.85 514.611 .000*
DBP(mmHg) -7.41£ 6.26 -1.07£1.76 488.715 .000*
VO,max(ml/kg/min) 7.99+ 6.62 1.59+3.52 135.488 .000*
Cr (mg/dl) 0.08+0.41 0.17+0.35 16.192 0.000*
BMI (kg/m?) -0.07+0.32 0.14+0.40 4746.008 .000*
WHR (cm) -0.08+0.13 0.02+0.13 49.589 .000*
Body fat (%) -1.01£1.02 -0.02+0.07 8609.141 .000*
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There was a significant positive correlation between
changes in serum Cr and BMI (r= 0.268), SBP (0.355),
DBP (0.194) and serum Cr negatively correlated with
WHR (-0.258) and %body fat (-0.190) at p<0.01 (Fig-
ure 2).
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Figure 2 Correlation between training changes in se-
rum creatinine and other variables (WHR, BMI, %fat,
SBP & DBP) of interest (N=112)

DISCUSSION

Findings of the present study indicated significant re-
duction in SBP, DBP and significant increase in
VO,max as a result of continuous exercise training;
several previous studies™?’ have reported similar find-
ings. The present study also demonstrated a significant
reduction in creatinine production in the exercise group
over the control group. A contradictory finding was
reported by Lo et al ** who examined the effects of a
12-week exercise program on blood biochemistry in
13 patients undergoing continuous ambulatory perito-
neal dialysis (CAPD; Thirteen subjects (men 6 & 7
women) with mean age of 46.5 + 12.8 years.

The patients underwent exercise training on treadmill,
bike, and arm ergometers thrice weekly; they reported
no significant changes in serum creatinine. Similar
non-significant effect of aerobic training on creatine
kinase (CK) was reported by Rahnma et al.*’ In their
study, twenty male students were randomly assigned
into either a control (n=10) or aerobic training (10)
groups. They reported no significant effect of aerobic
training on serum CK levels at rest and after exercise to
exhaustion. The study of Johnson et al * investigated
the effects of a combined functional and aerobic exer-
cise program on aerobic capacity and serum creatine
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kinase level on 7 participants with sporadic IBM before
and after a 12-week exercise program. They reported
no significant change in the serum creatine kinase level
after the exercise period. Peng et al’' investigated if
swimming exercise training was supposed to be benefi-
cial to its recovery. In their study, Doxorubicin-induced
CKD (DRCKD) rat model was performed. Swimming
training was programmed three days per week, 30 or
60 min per day for a total period of 11 weeks. They
reported slight elevation of serum creatinine, the levels
raised to 1.0-1.1 mg/dL at week 11. Swimming exer-
cise did not show any effect on its restoration when
referring to the normal serum creatinine range for SD
rats 0.2—0.8 mg/dL.

The mechanism for reduction in serum creatinine fol-
lowing aerobic training could be related to the theoreti-
cal and empirical reports that creatinine concentration
is positively associated with BMI, body fat and fat dis-
tribution.”® However, it has been reported that cratine
(creatinine, the end product of creatinine metabolism)
may potentially reduce the amount of stress placed on
the cardiovascular system during aerobic activities thus
improving the cardiovascular endurance by slowing the
burning of oxygen in the muscles when active. *> °
The causes of elevated serum creatinine levels are tis-
sue damage as a result of vigorous exercise and chronic
kidney disease (CKD) and sedentary (physical inactivi-
ty) lifestyle.” However, low to moderate aerobic train-
ing appeared to reduce and prevent tissue damage by
the reduction in BMI, body fat and fat distribution as
reported in the present study.

Though, all studies including the present study demon-
strated that aerobic exercise slow down the rate of cre-
atinine production compared to control but dispersed at
the level of significance. However, disparity in findings
could be related to methodology differences, types of
subjects recruited for the studies and differences in
exercise parameters in terms of exercise mode, dura-
tion and intensity.

CONCLUSION

The results of this study suggest that regular, moderate
intensity aerobic training is an effective adjunct means
of blood pressure reduction and a non-pharmacologic
intervention to protect and attenuate tissue damage
through creatinine production.

Clinical Implication

The possibility that reduction in creatinine level as a
result of moderate intensity reflected the protection of
such training programme on subclinical muscle dam-
age cannot be excluded.
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This also reflects the positive association between
blood pressure and serum creatinine in the present
study. The correlation between blood pressure and se-
rum creatinine level provides evidence that the level of
creatine kinase (CK) activity may modulate the func-
tion and dysfunction of cardiovascular tissue; particu-
larly in resistant arteries, a small increase in CK activi-
ty may markedly increase contractility, with a poten-
tially large impact on blood pressure levels. It has also
been reported that high activity of creatine kinase, the
central regulatory enzyme of energy metabolism, facili-
tates the development of high blood pressure.*

Clinical application

The study demonstrated a rationale for the adjunct
therapeutic role of moderate intensity continuous train-
ing in the down regulation of blood pressure and serum
creatinine. Therefore, specialists and other profession-
als in hypertension management should feel confident
in the use of this mode of training in the non-
pharmacological adjunct multi-therapy of hypertension.
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