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Background: Anthropometric measurements used to predict cardiovascular disease vary worldwide but are mostly derived from those
of Caucasian ancestry. We sought to undertake such measurements in the little studied Bangladeshi population.

Methods: The MAGPIE (Multidimensional Approach of Genotype and Phenotype in Stroke Etiology) study is a Bangladeshi stroke
case—control study that recruited nationwide between January 2022 and June 2024. The univariate analysis was utilised to curtail the
risk of independent variables, and a receiver operating characteristic (ROC) curve was employed to identify the cut-off values of Body
Mass Index (BMI), Waist Circumference (WC), and Hip Circumference (HC). Furthermore, a multivariate logistic regression (LR)
model demonstrated the risk of independent predictors of haemorrhagic stroke (HS) among sexes.

Results: Of a total of 1491 age- and sex-matched study population, 918 were haemorrhagic stroke (61.5%) with female predominance
(n=489; 53.3%) and significantly older than men (P=0.003). The BMI (22.9 +3.0 vs 21.3 +3.0; P<0.001), WC (84.0 7.3 vs 80.8 +7.3;
P<0.001) and HC (90.6 +£7.1 vs 85.5 £7.7; P<0.001) was significantly higher among women compared to men. A ROC curve
demonstrated that the cut-off values of BMI, WC, and HC are 20.6kg/m2, 78.8cm, and 84.6cm, respectively, in men and 21.1 kg/mz,
81.5cm, and 88.1cm, respectively, in women haemorrhagic stroke population. Furthermore, an age-adjusted multivariate LR model
identified a HC of >84.6 cm in men (OR 2.8, 95% CI 1.61-4.97; P <0.001) and a WC of >81.5cm in women (OR 1.6, 95% CI
1.01-2.37; P=0.001) as potential independent predictors of haemorrhagic stroke.

Conclusion: Bangladeshi men with a hip circumference of >84.6cm have about threefold, and women with a waist circumference of
>81.1cm have about twofold heightened risk of haemorrhagic stroke.
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Introduction

Haemorrhagic stroke (HS) is an important health issue worldwide due to its high incidence, prevalence, and mortality
rate."? Estimates suggest an incidence rate of approximately 68 per 100,000 individuals annually and the prevalence of
haemorrhagic strokes comprises about 20-30% of all stroke cases in Bangladesh, although this country has been little
studied.”* Haemorrhagic stroke shows a higher prevalence among males as they are more vulnerable due to risk factors
such as hypertension, smoking, and lifestyle differences, emphasising the need for targeted preventive measures to curtail
the long-term consequences.’  Furthermore, existing studies suggest that the prevalence of hypertension is 56%,’ 64%,"
65%,” and 1.10%-75.0%,'® among the Bangladeshi population, which is a strong independent predictor of haemorrhagic
stroke.>*° The high mortality rate of 40—50% within the first month of onset for haemorrhagic stroke in Bangladesh is

not helped by limited access to advanced medical care, inadequate stroke management facilities, and treatment delays.

Journal of Multidisciplinary Healthcare 2024:17 5941-5947 594]
Received: 5 November 2024 © 2024 Ranjan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 11 December 2024
Published: 14 December 2024

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-1927-5023
http://orcid.org/0000-0002-8551-7185
http://orcid.org/0000-0001-8732-6481
http://orcid.org/0000-0002-0795-4865
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Ranjan et al Dove

Efforts to mitigate risk factors are ongoing, focusing on enhancing healthcare infrastructure, increasing public awareness,
and promoting preventive measures such as managing hypertension and making lifestyle adjustments.*!!
Anthropometric measurements such as body mass index (BMI), waist circumference (WC), and hip circumference
(HQC), are significantly correlated with the risk and severity of haemorrhagic stroke.'”'* Higher BMI is linked to
hypertension (HTN), a potential risk factor for haemorrhagic stroke. Furthermore, a higher WC is a more direct indicator
of visceral adiposity and correlates more strongly with stroke risk than BML'>"'® Although HC is less frequently studied
in isolation, a higher HC might indicate lower visceral fat, which can be protective against metabolic diseases.'*'>
However, the diversity in body measurements associated with hemorrhagic stroke varies globally. In Europe and
America, higher BMI and WC are linked to increased stroke risk due to lifestyle factors and higher obesity
prevalence.'*'"'® In Southeast Asia, despite lower BMI, higher WC significantly contributes to stroke risk due to
central obesity.'*'® Region-specific preventive strategies targeting abdominal obesity and specific cut-off values of
anthropometric measurements may help in assessing stroke risk across different populations and reducing the risk of
haemorrhagic stroke effectively.'*'®
This is the first study in Bangladesh to determine BMI, WC, and HC for predicting haemorrhagic stroke and observe

their distribution patterns in haemorrhagic stroke compared to the control population.

Patients and Methods

The MAGPIE Study
The Multidimensional Approach of Genotype and Phenotype In Stroke Etiology (MAGPIE) study is an age- and sex-

matched hospital-based case—control study conducted at the National Institute of Neuroscience and Hospital (NINS&H),
Bangladesh. The MAGPIE study recruited adult (age >18 years) participants from all eight geographical divisions of
Bangladesh between January 2023 and June 2024, whose protocol was published elsewhere.'® Neuroimaging (CT/MRI)
was used to confirm the diagnosis by two independent experts (a neurologist and an intervention radiologist). Ethical
clearance was obtained from the institutional review board of the National Institute of Neurosciences and Hospital,
Bangladesh (IRB/NINS/2024/358) and the study was conducted according to the Declaration of Helsinki. The study
participants provided informed consent, and data were encrypted.

The study population (case and control) was >18 years old, and study variables were age, gender, major
modifiable risk factors (hypertension, diabetes, smoking, high cholesterol), BMI, WC, and HC. We included all
HS cases, either mild to severe, including prior and recurrent stroke (aged >18 years) confirmed with CT/MRI brain
scans, in the study to avoid selective reporting bias. However, individuals with comorbidities such as neurological
disorders (eg, multiple sclerosis, brain tumours), advanced cancer, strokes from other conditions, or those on
medications that could significantly affect stroke risk, including experimental therapies, were excluded from the
study. Additionally, control subjects also include the adult population (aged >18 years) without a prior history of
stroke from similar geographic locations and socioeconomic backgrounds to ensure that controls are identical to

cases in terms of medication use.

BMI, WC, and HC Measuring Methods

Body circumferences were measured using tape, ideally on bare skin for men and over a single thin layer of clothing for
women.’ The tape should rest snugly against the skin without being so tight it creates an indentation. For accurate waist
and hip measurements, the individual should stand upright with shoulders relaxed, position the tape correctly, take a deep
breath followed by exhaling fully, relax the abdomen completely, and then record the measurement; perform measure-
ments twice to improve accuracy. To calculate BMI, weight was measured in kilograms using a standard calibrated
weighing scale, and height was recorded in centimetres with a measuring tape. To measure WC, we utilised a landmark
between the bottom of the ribs and the top of the hips, typically just above the umbilicus. For HC, we positioned the tape
measure around the widest part of the hips and stood upright with legs together. For both WC and HC measurements,
participants were instructed to exhale naturally before taking the measurements to ensure accuracy.
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Statistical Analysis

We used SPSS v28.0 (IBM SPSS Inc., NY, USA) software to analyse the data and summarised the results using
percentage and mean +SD for categorical and continuous variables, respectively. First, a univariate analysis using
appropriate statistical tests was used to curtail the risk patterns in the MAGPIE dataset. This was followed by
a receiver operating characteristic (ROC) curve to identify the cut-off values of BMI, WC, and HC in haemorrhagic
stroke patients. Furthermore, an age-adjusted multivariate logistic regression (LR) model considering the cut-off values
of BMI, WC, and HC demonstrated the likelihood of HS in men and women. A Little’s MCAR (Missing Completely At
Random) test evaluates missing datasets. We also checked for multicollinearity among independent variables using the
collinearity tolerance and variance inflation factor (VIF) value to observe the significant multicollinearity that needed to
be addressed.”' Statistical significance was considered a P value of <0.05.

Results

The MAGPIE study recruited age and sex matched 1491 study population aged >18 years with haemorrhagic stroke
(n=918 (61.5%); women n=489; 53.3%). Hypertension was significantly higher (76.1% vs 65.6%; P<0.001), but BMI
(P=0.002), WC (P<0.001), HC (P<0.001), diabetes (P<0.001), smoking (P=0.004), and high total cholesterol (P<0.001)
were significantly lower among HS than control sample (Table 1). Furthermore, among the HS sample, women were
significantly older than men (58.8 £10.2 vs 56.5 +13.8; P=0.003) (Table 2). Nevertheless, the BMI (22.9 £3.0 vs 21.3
+3.0; P<0.001), WC (84.0 £7.3 vs 80.8 £7.3; P <0.001), and HC (90.6 £7.1 vs 85.5 £ 7.7; P<0.001) was significantly
higher among women compared to men in haemorrhagic stroke.

In men, a ROC curve demonstrated that the cut-off values of BMI, WC, and HC in HS samples are 20.6kg/m2,
78.8cm, and 84.6cm, respectively, with an AUROC curve of 0.43 (95% CI 0.38-0.46; P=0.001), 0.42 (95% CI
0.37-0.46; P<0.001), and 0.41 (95% CI 0.36-0.44; P<0.001), respectively (Figure 1). The sensitivity and specificity of
BMI, WC and HC were 60.5% and 35.3%, 60.0% and 32.9%, and 52.6% and 33.2%, respectively. Furthermore, the cut-
off values of BMI, WC, and HC in women with HS are 21.1kg/m2, 81.5cm, and 88.1cm, respectively, with an AUROC
curve of 0.48 (95% CI 0.43-0.52; P=0.41), 0.44 (95% CI 0.39-0.48; P=0.004), and 0.45 (95% CI 0.41-0.49; P=0.03),
respectively (Figure 1). The sensitivity and specificity of BMI, WC and HC were 72.1% and 30.7%, 61.1% and 33.9%,
and 58.2% and 35.4%, respectively.

Furthermore, an age-adjusted multivariate LR model identified HC >84.6 cm in men and WC >81.5 ¢cm in women as
a strong independent predictor of HS having an odds ratio of 2.8 (95% CI 1.61-4.97; P<0.001) and 1.6 (95% CI

Table | Baseline Characteristics of Study Population (N = 1491)

Variables Haemorrhagic Stroke (N= 918) | Control (N=573) | P value
Age (mean *SD) 57.7 £12.0 56.7 £14.9 0.17
Gender Men 428 (46.7%) 297 (51.8%) 0.053
Women 489 (53.3%) 276 (48.2%)
BMI (mean +SD) 22.2 #3.1 22.7 £3.5 0.002
Waist circumference (mean +SD) 82.5 7.5 84.9 9.1 <0.001
Hip circumference (mean +SD) 882 +7.8 90.5 +9.3 <0.001
Hypertension 698 (76.1%) 374 (65.6%) <0.001
Diabetes 128 (13.9%) 157 (27.5%) <0.001
Smoking 243 (22.4%) 155 (26.5%) 0.004
High total cholesterol 10 (1.1%) 34 (6.0%) <0.001

Notes: The P-value was reached from the independent t-test in continuous variables and the chi-square tests in categorical
variables. P <0.05 is considered significant.
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Table 2 Gender-Specific Distribution Baseline Characteristics of Study Population
Variables Haemorrhagic Stroke Control
Men (N= 437) | Women (N=643) | P value | Men (N=307) | Women (N=278) | P value

Age (mean *SD) 56.5 +13.8 58.8 +10.2 0.003 56.3 143 57.2 155 0.48
BMI (mean +SD) 21.3 £3.0 22.9 3.0 <0.001 22.1 #3.3 23.3 £3.6 <0.001
Waist circumference (mean +SD) 80.8 £7.3 84.0 7.3 <0.001 83.4 9.0 86.4 9.0 <0.001
Hip circumference (mean +SD) 85.5 7.7 90.6 7.1 <0.001 88.8 9.2 92.3 9.1 <0.001
Hypertension 337 (78.7%) 360 (73.8%) 0.07 193 (65.4%) 181 (65.8%) 0.92
Diabetes 67 (15.7%) 61 (12.5%) 0.03 85 (28.7%) 72 (26.2%) 0.74
Smoking 160 (37.4%) 0 (0.0%) <0.001 84 (28.4%) 0 (0.0%) <0.001
High total cholesterol 5 (1.2%) 5 (1.0%) 0.83 21 (7.1%) 13 (4.7%) 0.23

Notes: The P-value was reached from the independent t-test in continuous variables and the chi-square tests in categorical variables. P <0.05 is considered significant.

1.01-2.37; P=0.001), respectively (Table 3). The goodness-of-fit of the prediction model demonstrated by the AUROC
curve, sensitivity and specificity are 0.634 (95% CI 0.59-0.67; P <0.001), 70.6% and 49.0%, respectively, in men (Figure
S1), and 0.586 (95% CI 0.54-0.62; P<0.001), 69.5% and 49.5%, respectively, in women (Figure S2). Nonetheless,
Little’s MCAR (Missing Completely At Random) test also observed a P-value of 0.85, indicating that the missing data
are completely random. Furthermore, the VIF value of the multicollinearity test demonstrated no significant correlation;
most VIF values were <2, except for WC and HC among independent variables. The maximum VIF and collinearity toler
ance were 2.3 and 0.44 for WC and 2.4 and 0.42 for HC, respectively.

Discussion
This is the first Bangladeshi study to determine the OR of anthropometric measurements on haemorrhagic stroke. The
cut-off values for predicting haemorrhagic stroke based on BMI, WC, and HC were 20.6 kg/m2, 78.8 cm, and 84.6 cm,
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Figure | The receiver operating characteristic curve observed the cut-off value for predicting haemorrhagic stroke in men and women.

5944 o= Journal of Multidisciplinary Healthcare 2024:17

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=502451.docx
https://www.dovepress.com/get_supplementary_file.php?f=502451.docx
https://www.dovepress.com/get_supplementary_file.php?f=502451.docx
https://www.dovepress.com
https://www.dovepress.com

Dove Ranjan et al

Table 3 Age-Adjusted Multivariate Logistic Regression Model Predicting
Haemorrhagic Stroke Among Sexes Based on the Observed Cut-off Values

Variables Odds Ratio | P value 95% CI
Lower | Upper

Men BMI 220.6kg/m? 0.92 0.67 0.63 1.34
Waist circumference 278.8cm 0.63 0.11 0.36 .11
Hip circumference 284.6cm 2.83 <0.001 1.61 4.97
Women BMI =21.1 kg/m? 0.74 0.12 0.50 1.08
Waist circumference 281.5cm 1.55 0.001 1.01 2.37
Hip circumference 288.1cm 1.07 0.72 0.71 1.62

Notes: Variables entered into model: Age, HTN, Diabetes, Smoking, BMI 220.6kg/m?, Waist circumference
278.8cm and Hip circumference 284.6cm for men; and Age, HTN, Diabetes, BMI ZZI.Ikg/mZ, Waist
circumference 281.5cm and Hip circumference 288.1cm for women.

respectively, for men and 21.1 kg/m2, 81.5 cm, and 88.1 cm, respectively, for women. Furthermore, men with a hip
circumference of >84.6cm have about 3 times higher risk of haemorrhagic stroke, while women with a waist circum-
ference of >81.5cm have about twice the risk compared to control subjects. Nevertheless, haemorrhagic stroke patients
are paradoxically associated with significantly lower BMI, WC and HC compared to control subjects.

BMI has a potential correlation with haemorrhagic stroke risk, which is higher in slimmer individuals compared to
overweight or obese individuals, supported our study findings.'?'***** Furthermore, a Nordic collaborative study?*
suggested that underweight individuals had an elevated risk for subarachnoid haemorrhage, especially in smokers and
hypertensive men, indicating a modifying effect of risk factors on the BMI-subarachnoid haemorrhage (SAH) associa-
tion. Furthermore, studies found that women with lower BMI levels have an increased risk of hemorrhagic stroke
compared to men, a finding discordance to current study results.'>'”**"** However, this study findings emphasised the
importance of weight management in reducing the risks of haemorrhagic strokes, highlighting the need for tailored risk
assessment based on the observed BMI cut-off points among the Bangladeshi population.

Although the optimal cut-off values of WC and HC for predicting haemorrhagic stroke are elusive, the cut-off values
for cardiovascular disease (CVD) risk vary across different populations.'>'®?* Studies have shown that the new WC cut-
off values for predicting atherosclerotic CVD for non-diabetic patients were 84cm and 76cm for non-obese men and
women, whereas WC was 93 and 87 cm for obese men and women.'>'® Furthermore, studies have shown disparities in
using American, European, and Asian cut-offs for Africans, suggesting the need for indigenous African-based cut-offs
predicting CVD.?® Nonetheless, an Iranian study suggests that locally defined WC values of 90cm for men and 97cm for
women are more accurate in predicting cardiovascular disease and metabolic syndrome than internationally recom-
mended cut-off values.”” Among Finnish participants, the hazard ratio (HR) was 1.2 in women with WC >87.5 cm and
1.4 in men with WC > 100.5 c¢m to predict haemorrhagic stroke.'> A recent study by Lopez-Lopez et al'® found that men
with a waist circumference of >89 cm had an HR of 1.8 for predicting cardiovascular morbidity and mortality, while
women with a waist circumference of >86 cm had an HR of 1.5 among Colombians. Furthermore, in predicting CVD,
women with a WC of >80 cm had an HR of 1.3 in the Arabian population,”® and an odds ratio (OR) of 1.78 among
Africans,” like our study findings. While risk prediction for hemorrhagic strokes is consistent across different ethnicities
worldwide, the cut-off values for waist circumference (WC) vary by gender and ethnicity, supporting our study findings.

The specific cutoff values for HC in haemorrhagic strokes were not directly provided in the context, but existing
studies found that larger HC is associated with an increased risk of hemorrhagic strokes. A hip circumference of >102cm
in men and >88cm in women is considered high and associated with increased CVD risks.'*'®*’ The observed variations
in WC and HC across different genders and ethnicities prompted an investigation to establish cut-off values that can
predict the risk of hemorrhagic strokes in the Bangladeshi population. Higher waist and hip circumferences indicate
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metabolically active excess visceral fat, increasing the risk of chronic inflammation, arterial stiffness, and cardiovascular
disease.'®*’° However, the differences in WC and HC among sexes in predicting haemorrhagic stroke in the current
study are due to anatomical differences in bone structure, as women generally have a wider pelvis than men, contributing
to a larger hip circumference.

Strength and Limitations

As with all studies, some limitations need to be acknowledged, especially the hospital-based observational nature of the
study; however, utilising an age- and sex-matched control reduces the risk of outcome bias. Furthermore, we only
evaluated adult haemorrhagic stroke patients from Bangladesh, so our results are not applicable to children or those of
other ancestries. Bangladesh is a diverse country with populations spread across rural and urban regions. Although the
current study included patients from all eight divisions within Bangladesh, representing a nationwide study, recruiting
from every narrower geographical setting is challenging. Finally, we do not have data on treatment outcomes or the
details of the brain lesions that prevent evaluating potential differences in mortality or morbidity among the study
population.

Conclusion

In Bangladesh, the cut-off values for predicting haemorrhagic stroke were 20.6 kg/m2 BMI, 78.8 cm WC, and 84.6 cm
HC for men and 21.1 kg/m2 BMI, 81.5 cm WC, and 88.1 cm HC for women. Additionally, men with a hip circumference
of >84.6 cm and women with a waist circumference of >81.1 cm have approximately three times and two times higher
risk of haemorrhagic stroke, respectively.

Disclosure
The authors report no conflicts of interest in this work.
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