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ABSTRACT

Background: Obesity in Africa has remained a public health concern, which is been fueled by urbanization and its
attendant lifestyle changes which includes less energy demanding jobs, sedentary lifestyle and adopting detrimental
western eating habits. There are well established risk factors for stroke, however the association of obesity with that
of stroke is less clear.

Methods: This study was designed to determine whether abdominal obesity is independently associated with an
increased risk of ischaemic stroke. It is a case control study of 113 patients in which structured questionnaire was
administered to consecutive patients admitted into the medical wards. The controls were matched for age and sex
from a database with participants of the population-based cohort study. Statistical analysis of data was performed
using SAS software (SAS Institute) 9.4.

Results: In the study 85% of the patients had hypertension, 50.5% had hypercholesterolemia and 33.6% had diabetes.
The BMI was normal for most of the cases (23.3% vs. 76.7% p<0.0001) while the WHR was increased for most of
the cases (70.9% vs. 29.1% p<0.0001). The statistical significance shows that WHR was more sensitive in assessing
obesity than BMI. The logistic regression analysis, in model 1 unadjusted and model 2 adjusted for sex and age, BMI
showed a positive association with risk of stroke (OR 1.10; 95% CI, 1.04-1.17; p=0.002) this association lost its
significance in model 3 after adjusting for diabetes, hypertension and hypercholesterolemia (OR 1.04; 95% ClI, 0.96-
1.13; p=0.3751). The results of logistic regression analysis for WHR for model 1, model 2 and model 3 did not show
any significance before and after adjustment.

Conclusions: Abdominal obesity may increase the risk of ischemic stroke through conventional vascular risk factors,
but not as an independent risk factor.
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INTRODUCTION

Obesity has continued to play a significant role in the
public health space. The prevalence of overweight or
obesity in Africa has remained a public health concern,
which is been fueled by urbanization and its attendant
lifestyle changes which includes less energy demanding
jobs, sedentary lifestyle and adopting detrimental western
eating habits. Overweight is seen as a disorder of energy
metabolism involving excess adipose tissue stored, can be

described as the imbalance between energy intake and
expenditure such that energy is stored in fat cells.?
Several classifications and definitions of obesity are
available but the commonly adopted is the definition by
the world health organization (WHO), which defines
obesity as a body mass index (BMI) of 30 kg/m2 or
more.? A systematic review showed that the prevalence of
overweight and obesity in Nigeria ranged from 20.3%-
35.1%, and 8.1%-22.2%, respectively.® Stroke is the
rapidly developing loss of brain functions due to a
disturbance in the cerebral blood vessels. Despite
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information on the risk factors, stroke still remains a
neglected disease in Nigeria, as well as specific diagnosis
and treatment in the hospitals.® There are well established
risk factors for stroke, such as increased blood pressure,
increased blood cholesterol, cigarette smoking, carotid
stenosis, diabetes mellitus, atrial fibrillation and valvular
heart disease. The association between obesity with many
diseases such as type 2 diabetes mellitus, hypertension,
dyslipidemia, gall bladder disease, respiratory disease,
sleep apnea, and cancer has been well recognized.*®
Furthermore even though the association of obesity with
coronary heart disease and myocardial infarction is well
recognized, that of stroke is less clear.”0

The world health organization (WHQ) guidelines state
that alternative measures that reflect abdominal obesity
such as WC, WHR, and waist-to-height ratio (WHtR)
have been found to be superior to BMI.*! Previous studies
have demonstrated that abdominal obesity which is
measured by waist-to-hip ratio (WHR) is more strongly
associated with cardiovascular risk than body mass index
(BMI).1213 The WHO states that abdominal obesity is
defined as a waist-hip ratio above 0.90 for males and
above 0.85 for females.!* The purpose of this study was
to determine whether abdominal obesity is independently
associated with an increased risk of ischaemic stroke
among the patients.

METHODS
Study location and data collection

The study was carried out at the university of Abuja
teaching hospital, a tertiary health centre, from March
2017 to July 2020. This a case control study in which
patient structured questionnaire were administered to
consecutive patients admitted into the medical wards who
met the inclusion criteria for the diagnosis of ischaemic
stroke in the neurology unit, department of medicine,
university of Abuja teaching hospital, Gwagawalada. A
total of one hundred and thirteen cases were recruited.
Detailed clinical records were incomplete for 10 patients,
who were therefore excluded from analysis. Each index
patient was matched with controls without a history of
cerebrovascular disease. All patients who satisfied the
WHO clinical criteria for ischemic stroke and had cranial
computed tomography or MRI were included in the study

The anthropometric measures BMI, waist circumference
(WC), waist-to-hip ratio (WHR) were documented for all
study participants. Cases and controls had waist and hip
circumference measurements done in supine position in
those cases that were wunable to stand. Waist
circumference was measured at the level of the
umbilicus, and hip circumference was measured at the
level of the bilateral greater trochanters. Height (in
inches) and weight (in kilograms) were measured with a
standard scale. About 12% of the patients were too sick
for weight measurements and there were no previous
medical records of weight for review.

According to international recommendations, BMI is
defined as weight in kilograms divided by height in
meters squared. In the BMI categories, we distinguished
between normal weight (BMI 25.0 kg/m2 and below) and
overweight (BMI 25.0 to 29.9 kg/m2) and obesity (BMI
>30 kg/m2).* WHR was measured as waist
circumference divided by hip circumference. Obese
women had WHR >0.85 and obese men WHR >0.95.
Threshold categories for waist circumference in men
were 94.0 cm (normal weight), 94.0 to 101.9 cm
(overweight) and >102.0 cm (obesity). In women they
were 80.0 cm, 80.0 to 87.9 cm and >88.0 cm,
respectively.’®

Diabetes, hypertension and hyperlipidemia information
were obtained from the medical record of subjects.
Diabetes was defined as fasting blood glucose >7mmol/I
or on anti-diabetic agents, while hypertension was
defined as systolic blood pressure >140 mmHg and/or
diastolic blood pressure > 90 mmHg and hyperlipidemia
was defined as total serum cholesterol level >5.18
mmol/l. The controls were matched for age and sex from
a database with participants of the population-based
cohort study. The questionnaire was structured to ask
questions about: demographic aspects (gender, age,
educational level and occupation), risk factors of a stroke
and anthropometric data.

Inclusion criteria

All patients who were admitted into the medical ward
with confirmed diagnosis of Ischaemic stroke. All
patients had full clinical assessment for stroke was
screened clinically by WHO criteria and verified
radiologically by cranial computer tomography scan from
March 2017 to July 2020 were included in the study.

Exclusion criteria

Patients who had space occupying lesion with
neurological deficits or metastatic brain disease and those
with human immunodeficiency virus with neurological
deficits were excluded from this study. Also excluded
from the study were those who were unconscious,
haemorrhagic stroke and those people who has other
causes of increased abdominal girth like ascites due to
any cause, females with pregnancy or any intra-
abdominal mass.

Data analysis

Statistical analysis of data collected was performed using
SAS software (SAS institute) 9.4. Data collected was
analysed by frequency, mean, standard deviation and chi-
square test. For all statistical tests, the threshold of
significance is fixed at 5%, p>0.05 indicates none
significant results and p<0.05 indicates significant results.
Multiple logistic regression models for matched case-
control data were used to calculate the odds ratio (OR)
and 95% confidence interval (Cl) for BMI and WHR and
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ischemic stroke. Adjusted ORs were calculated after
adjusting for potential confounding factors (clinical
history of hypertension, diabetes and hyper-
cholesterolemia) and age and sex were evaluated.

distribution of the study population (cases and control)
stratified by sex is shown in (Table 1). The
cardiovascular risk factors for stroke in cases is shown in
(Table 2).

RESULTS In the study 85% of the patient had hypertension, 50.5%
had hypercholesterolemia and 33.6 % had diabetes. 22%
had a family history of a relative that has had a stroke.
The anthropometric characteristics of cases and control

stratified by gender is revealed in (Table 3).

A total of 113 patients with ischaemic stroke were
evaluated. Of these cases 53.1% were females and 46.9%
were males. The demographic characteristic and

Table 1: Sociodemographic characteristics of cases and control stratified by gender.

Women N (%) Men N (%)

Parameters

Conire! P value CrEas P value
59 (49.6) 60 (50.4) 52 (49.5) 53 (50.5)
Age group (years)
<30 4 (6.6) 3 (5.0) 0.9010 2 (3.9) 1(1.9) 0.4196
31-60 26 (44.1) 28 (46.7) 0.7759 23 (44.2) 18 (34.0) 0.2809
>60 29 (49.2) 29 (48.3) 0.9288 27 (51.9) 34 (64.2) 0.2042
Lifestyle
Cigarette smoking 0 (0.0) 3(5.1) 0.0819 2 (3.9) 10 (18.9) 0.0171
Alcohol intake 16 (27.6) 8 (13.3) 0.0545 23 (45.1) 26 (49.1) 0.6860
Marital status
Single 5 (8.5) 5(8.3) 0.9778 4 (7.7) 4 (7.7) 0.9999
Married 42 (71.2) 44 (73.3) 0.7937 46 (88.5) 44 (84.6) 0.5656
Separated/divorced 1(1.7) 1(1.7) 0.9904 1(1.9) 3(5.8) 0.9904
Widowed 11 (18.6) 10 (16.7) 0.7772 1(1.9) 1(1.9) 0.9999
Educational status
Uneducated 1(1.7) 4 (6.7) 0.1765 4 (7.7) 0 (0.0) 0.0395
Informal 19 (32.2) 2 (3.3) <0.0001 7 (13.5) 1(1.9) 0.0254
Primary 8 (13.6) 9 (15.0) 0.8223 8 (15.4) 0 (0.0) 0.0030
Secondary 14 (23.7) 19 (31.7) 0.3335 11 (21.2) 18 (34.0) 0.1422
Tertiary 17 (28.8) 23 (38.3) 0.2717 21 (40.4) 34 (64.2) 0.0148
Occupational status
Civil servant 7 (11.9) 14 (23.3) 0.1008 11 (22.5) 26 (49.1) 0.0052
Private servant 4 (6.8) 7(11.7) 0.3574 10 (20.4) 6 (11.3) 0.2074
Self-employed 37 (62.7) 15 (25.0) <0.0001 26 (53.1) 16 (30.2) 0.0190
Student 2 (3.4) 1(1.7) 0.5488 0 (0.0) 1(1.9) 0.3339
Unemployed 9 (15.3) 23 (38.3) 0.0045 2(4.1) 4 (7.6) 0.4574

Table 2: Cardiovascular risk factor for stroke in The mean waist circumference for control and cases

cases. (87.7£11.9 vs. 94.8+17.4 p=0.0005), while the hip
circumference (96.8+12.4 vs. 102.6£12.9 p=0.0011).
However the waist to hip ratio (WHR) did not show any
statistical significance among control and cases (0.9+0.1
vs. 0.9+0.1 p=0.5735), as well as BMI ( 25.3+6.3 vs.
26.8+4.8 p=0.0665). The result of the median waist
circumference for control and cases (87.0 vs. 93,5
p=0.0001), The hip circumference ( 98.0 vs. 101.1
p=0.0002). However the waist to hip ratio (WHR) did not

Parameters

53 (46.9) 60 (53.1)
21(19.1) 9(17.7) 12(20.3)
96 (85.0) 48 (90.6) 48 (80.0)

54 (50.5) 25(50.0) 29 (50.9)

Heart disease
Hypertension
Hypercholester-

olemia ow the w
i 38(33.6) 15(28.3) 23(38.3 show any statistical significance among control and cases

E":‘?:ﬁtef‘ismr o — (383 (p=0.4105), while the BMI (24.0 vs. 26.0 p=0.0051).

of strgke Y 24(20) 12(245) 12(20.0)

The prevalence of obesity among cases with stroke is
shown in (Table 4). The BMI showed that most of the
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cases were normal (23.3% vs. 76.7% p<0.0001) while the
WHR showed that most of the cases were not normal
(70.9% vs. 29.1% p<0.0001). The statistical significance
shows that WHR was more sensitive in assessing obesity
than BMI.

Table 3: Anthropometric characteristics of cases and

control.
Parameters Control Cases P value
MeanzSD
Waist Cir 87.7£11.9 94.8+17.4 0.0005
Hip Cir 96.8+12.4 102.6+12.9 0.0011
BMI 25.3+6.3 26.8+4.8 0.0665
WHR 0.940.1 0.9+0.1 0.5735
Median (IQR) N (%0)
Waist Cir 87.0 (17.0) 93.5(17.0) 0.0001
Hip Cir 95.0 (18.0) 101.0(15.0) 0.0002
BMI 24.0(7.0) 26.0(5.9) 0.0051
WHR 0.9 (0.1) 0.9 (0.1) 0.4105
Table 4: Prevalence of obesity among cases with
stroke.
Parameters Fo;equency P value
(0]
BMI
BMI >30kg/m? 21(28.3)
_ <0.0001
(N=90) BMI 69 (76.7)
<30kg/m? '
Abnormal
WHR WHR 73(70.9)
_ <0.0001
(N=103) Normal 30 (29.1)
WHR '
; *Model 1
Abnarmal WHR® | : 0.71{0.29-1.73), p=0.4562 “Model 2
(Yes vs No) : *Model 3

Abnormal WHR'

(Yes vs No) | 0.83(0.45-1,53), p=0.5498.

Abnormal WHR*"

(Yes vs No) 0.94{0.52-1.71), p=0.8461

BMI(+1kgim?)* - - 1.04(0.96-1.13), p=0.3751
BMI(+1kglm?)’ - —_

1.10{1.04-1.17), p=0.0026

BMI(+1kgim’)" - 1.08(1.03-1.16), p=0.0048

0 1 2 3
Odds Ratio (95% CI)

Figure 1: Association of BMI and WHR with stroke;

model 1: unadjusted, model 2: adjusted for age and

sex and model 3: adjusted for diabetes, hypertension
and hypercholesterolemia.

The results of logistic regression analysis, in model 1
unadjusted and then model 2 adjusted for sex and age,
BMI showed a positive association with risk of stroke
(OR 1.10; 95% ClI, 1.04-1.17; p=0.002) this association

lost its significance in model 3 after adjusting for
diabetes, hypertension and hypercholesterolemia (OR
1.04; 95% CI, 0.96-1.13; p=0.3751) (Figure 1). The
results of logistic regression analysis for WHR for model
1, model 2 and model 3 did not show any significance
before and after adjustment.

DISCUSSION

This study assessed the relationship between obesity as a
risk factor for stroke among cases and controls. Previous
works done have demonstrated that there is an increased
atherosclerotic and cardiovascular risk in association of
abdominal obesity.’817  Furthermore an increased
prevalence of cardiovascular risk factors has been seen
with increase in abdominal obesity by other
researchers.’®22 In other studies obese people have been
found to have an increased risk of developing the
ischemic stroke with person with 100 cm waist size or
more having a risk of 10%.%3 Current study shows a slight
preponderance of females among the study population,
with total females among the patients as 53.1% while the
males were 46.9%. The prevalence of stroke was more in
age group greater than 60 years. The educational
characteristics shows 50.5 % of the patient had tertiary
education and 32.8 % had secondary education. Although
educational level and age has been reported to be
associated with knowledge of stroke risk factors,?2°It is
important to note that about 80% of the cases had at least
secondary education, which was a predictor of stroke
knowledge.

High blood pressure was the most frequently identified
risk factor in our study as in other studies.?”?® Our study
found hypercholesterolemia and diabetes mellitus in 54%
and 38% respectively. This finding in our study agrees in
part previous works done in our center which showed a
prevalence of hypercholesterolemia to be 45% and
diabetes to be 33%.%° Current study therefore sought to
review prevalence of obesity among stroke patients.
Those with abnormal WHR constituted 70.9% (p<
0.0001). Abnormal BMI was found in twenty three
percent of the patients. This in supportive of previous
work done which had lower predictive value of different
markers of adiposity Where BMI and WHR were
compared as a risk factors among patient with stroke.*
Furthermore because of a loss of lean body mass with
age, weight or BMI can decreases with age.3%3! What this
means is that WHR may be a more useful method to
assess abdominal fat, however in clinical practice WHR
is a more difficult measure to standardize when compared
to measurement of BMI. Waist circumference which is an
indicator of abdominal obesity when used alone instead
of WHR has not been shown to be a good predictor of
stroke as demonstrated in previous works. %30

Abdominal obesity may increase the risk of ischemic
stroke through conventional vascular risk factors, but our
study did not demonstrate an effect independent of other
cofounders. The odds ratio of waist to hip ratio and BMI
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were 0.94 and 1.09 respectively. After the adjustment for
age and sex the p-value was still significant for BMI
(0.0026) however after adjustment for diabetes,
hypertension and hypercholesterinemia the significance
was lost. Our result does not support previous studies
which was associated with the risk of ischaemic stroke
with a p value of 0.01 (OR 1.57, Cl=1.28-1.94).%
However, in the case of waist to hip ratio after adjustment
for age and sex as well as diabetes, hypertension and
hypercholesterinemia the significance was lost. In some
cohort studies, WHR was no longer an independent risk
factor for stroke after adjustment for hypertension and
blood lipid levels or diabetes.®*3* In other studies there
was a significant relationship between abdominal obesity
and BMI ischemic stroke, with the probability of
abdominal obesity for ischemic stroke (1.75), and BMI
(0.794).3 Despite the loss in significance after adjustment
of more risk factors, available evidence suggests
thatthose markers still remain important as shown in
other studies.%

In current study we did not consider the pre-morbid
patient WHR or BMI which may in part be an
explanation for this finding in addition to the different
study designs applied and populations studied. It is also
important to note that abdominal obesity may indirectly
contribute to the incidence of ischemic stroke by
influencing other well recognized risk factors.
Furthermore, abdominal obesity may increase the risk of
ischemic stroke through other mechanisms like insulin
resistance or the metabolic syndrome. It is worth to note
that our study could not demonstrate an effect
independent of these mechanisms and other conventional
vascular risk factors. Available evidence suggests that
abdominal obesity is related not only to endothelial
dysfunction which may be early marker of
atherosclerosis, but also disturbances associated with
blood flow and atherogenesis, which includes
hyperviscosity of blood, hyperfibrinogenemia reduction
in erythrocyte aggregability and deformability, and
platelet activation.¥7-3°

Limitations

Limitations in current study were being single-centered
hospital-based study but still highlight the importance of
WHR as a determinant of obesity in stroke as a risk
factor. Despite these limitations, the argument still favors
adding WHR as a measurement to vascular risk
assessments.

CONCLUSION

In conclusion, current study highlights the need to
increase public awareness about stroke risk factors
including obesity. Even though abdominal obesity was
not found as an independent risk factor for stroke, it
contributes to the risk of stroke through the conventional
risk factors.
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