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EXECUTIVE SUMMARY 

 

Approximately 80% of adults worldwide with diabetes mellitus (DM) live in low-income and 

middle-income countries (LMICs) [1].  In LMICs less than 1 in 10 people with DM receive 

coverage of guideline-based comprehensive diabetes treatment [1]. Addressing cardiovascular 

risk factors such as hypertension (HPT) and obesity in DM are emergent global health 

priorities. In South Africa (SA), comorbid HPT in DM is common [2]. 

Studies suggest that visceral adiposity confers a greater risk for cardiovascular disease (CVD) 

than body mass index (BMI) [3,4]. Better control of blood pressure, glucose, cholesterol levels 

and body weight in people with DM could potentially reduce the risk of diabetes-related 

complications and increase life expectancy [5]. With the burden of HPT in PLWD expected to 

rise, identifying associations between anthropometry and HPT in a LMIC in which DM is 

endemic would provide knowledge on better screening strategies in our setting.  

The aim of this thesis is to identify and describe the associations between anthropometric 

indices and HPT. A review of studies from Sub-Saharan African (SSA) countries to identify 

the associations between HPT and anthropometric indices in PLWD. Most studies found a 

positive association between HPT and obesity using BMI, with limited evaluation of other 

anthropometric indices in PLWD. Therefore, this warranted research to find the best 

anthropometric index in predicting HPT in PLWD. 

We conducted a cross-sectional study among 957 PLWD attending a diabetic clinic in Harry 

Gwala Regional Hospital (formerly known as Edendale Regional Hospital) Pietermaritzburg, 

SA from 1 January 2019 to 31st December 2019. In this study, we found more than 85% of 

hypertensive PLWD that were overweight/obese, had an increased WC and abnormal WTHR. 

All anthropometry was found to be significantly associated with HPT. Overall, WTHR had the 

highest odds for predicting HPT in PLWD (AOR 4.81 [95% CI 2.05-11.31, p<0.001]).  

Although anthropometry may not replace a sphygmomanometer in our clinical setting, it can 

be used to identify patients who are at high risk of HPT. In addition, anthropometry detects 

patients who are obese or overweight that could be flagged for further monitoring.  We hope 

that the results of this study can motivate other researchers to conduct more research on 

anthropometric indices in various regions to establish a consensus on guidelines, especially in 

PLWD.   
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CHAPTER 1:  

INTRODUCTION 

Hypertension (HPT) and diabetes mellitus (DM) are components of metabolic syndrome; they 

coexist and affect each other’s courses. HPT, DM, dyslipidemia, obesity are all well 

documented modifiable cardiovascular risk factors [1]. The co-existence of HPT and DM is 

associated with a four-fold increase in mortality [2]. In individuals with DM and HPT, 

microvascular and macrovascular complications are significantly more common than in those 

without HPT [3].  Early detection with improved blood pressure control, glucose and 

cholesterol levels and body weight in people with type 2 diabetes mellitus (T2DM) can 

potentially reduce the risk of diabetes-related complications and increase life expectancy [3]. 

Obesity is an independent risk factor for cardiovascular disease [4][5]. Obesity also promotes 

insulin resistance and metabolic syndrome whose other components besides hyperglycemia are 

HPT, dyslipidemia, proinflammatory and a prothrombotic state [6]. The development of HPT 

in patients living with diabetes (PLWD) not only makes treatment strategy more complex and 

increases healthcare costs but also heightens the risk for macrovascular and microvascular 

complications considerably [7]. 

Weight loss is considered a key measure in the management of T2DM [8]. The World Health 

Organization (WHO) has estimated that globally there are more than 650 million people with 

obesity (BMI ≥30 kg/m2) [9]. Globally, studies have found that patients with excess visceral 

adiposity, irrespective of their BMI, had increased cardiovascular risk [10][11]. In LMICs, high 

BMI remained the leading risk factor for T2DM-related deaths [12]. Patients with T2DM tend 

to be more obese than general cohorts [8], therefore anthropometric indices and thresholds in 

general cohorts may not be comparable to PLWD. Due to genetic and environmental factors, 

the body mass composition of African individuals differs from western individuals and Asians 

[5]. This becomes even more relevant as the prevalence of HPT and obesity in Sub-Saharan 

Africa among T2DM is unprecedentedly high and continues to rise [13]. For example, 

environmental factors influencing obesity in low socioeconomic areas include intake of cheap, 

energy-dense, processed foods [14]. In South Africa (SA), many PLWD with comorbidities 

such as HPT are overweight or obese [15]. In addition, their non-diabetic family members were 

more likely to have abnormal BMI and abdominal obesity [15]. 
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There are various anthropometric indices to describe obesity [16]. Although BMI is widely 

utilised [9], the use of WC or WTHR is an alternative, acceptable method of measuring obesity 

[17][18]. Detecting obesity and identifying patients high at risk of HPT through use of 

anthropometry could be an important tool in clinical setting.  Although the diagnosis of HPT 

is dependent on the use of a reliable sphygmomanometer, it’s use can be challenging. These 

include human error, lack of protocol use, need for calibrated blood pressure monitors and 

multiple follow-ups are required for the diagnosis [19]. A recent study in 2021 showed in a 

general cohort of people that WTHR and WC measured were not inferior to BMI as a predictor 

of HPT. It was suggested that due to the low cost, simplicity of measurement and better ability 

to predict HPT, it may become a more usable metric in health facilities of LMICs [18]. 

However, it is important to consider that WC is sex, age, region and ethnic specific [21] [22]. 

This should be further investigated in African specific populations. We postulate that all 

indicators of obesity may not be equal predictors of HPT in PLWD.  

The thesis included two components: (1) a scoping review entitled “Scoping review: 

associations between anthropometric indices and hypertension in patients living with diabetes 

in low-middle income countries in Sub-Saharan Africa” which focused on the current evidence 

on this topic and (2) a cross-sectional study at a diabetes clinic Harry Gwala Regional Hospital 

(formerly known as Edendale Regional Hospital) in Pietermaritzburg, South Africa entitled 

“Waist circumference, waist-to height ratio, or body mass index: Are they all equal as 

predictors of hypertension in patients living with diabetes mellitus?”. The results of this and 

other studies can help the government make informed decisions on the most effective 

anthropometric strategy to identify patients at high risk of HPT.  
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CHAPTER 2:  

 

Scoping Review: Associations between Anthropometric Indices and 

Hypertension in Patients Living with Diabetes in Low-Middle Income 

Countries in Sub-Saharan Africa 

 

This chapter focuses on a scoping review to describes the association between anthropometry 

and HPT in PLWD in LMICs in SSA.  

This review found a positive association between HPT and anthropometry in most studies. BMI 

is a widely used anthropometric index and had a positive association with HPT in PLWD. 

Limited data was available comparing the different anthropometric indices.  
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Abstract 

Background  

Hypertension (HPT) in low and middle-income countries (LMICs) remains a leading 

preventable factor for death and disability.  Approximately 20-60% of patients living with 

diabetes (PLWD) have HPT which doubles the mortality risk and accelerates the progression 

of complications. Obesity is a well-known preventable risk factor for HPT. Despite this, 

countries in Sub-Saharan Africa (SSA) faces an increasing challenge of obesity. Current 

evidence on anthropometric indices as a predictor for HPT in PLWD remain unclear. 

Methods 

A scoping review was performed to determine the association between anthropometry and HPT 

in PLWD in LMICs in SSA, by using PubMed, Google, Scopus and Cochrane between 2011-

2021. A total of 4590 records were identified. The associations between body mass index 

(BMI), waist circumference (WC) or waist-to-height ratio (WTHR) in PLWD and HPT in 

LMICs in SSA were assessed.  

Results  

We analyzed 21 studies with 11 057 patients included in this review.  BMI was the most 

common anthropometric index used with more than 80% of studies suggesting a positive 

association with HPT. Varying associations between other anthropometric indices and HPT 

were found. 

Conclusions  

Our scoping review highlighted a positive association between HPT and anthropometry in most 

studies. Limited data was available comparing the different anthropometric indices. We found 

that additional studies are warranted to evaluate anthropometric indices in PLWD.  

Keywords: Diabetes, waist-height ratio, waist circumference, body mass index, adults, 

hypertension and low-to-middle income countries, Sub-Saharan Africa  
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Background 

Globally around 422 million people have diabetes mellitus (DM) with the majority living in 

low-and middle-income countries (LMICs) [1][2]. Most countries in Sub-Saharan Africa 

(SSA) are LMICs except for the Seychelles [3].  It is predicted that the number of adults with 

type 2 diabetes (T2DM) will increase faster (69% increase) in LMIC than in high-income 

countries (20%) by 2030 [4]. There is an added burden on healthcare to provide effective 

management [5]. The most common comorbidities among patients with T2DM in SSA were 

hypertension (HPT), hyperlipidaemia and obesity [6].  

HPT, DM, dyslipidemia, obesity and smoking are well documented modifiable risk factors for 

cardiovascular disease (CVD) [7]. HPT in LMICs remains largely undiagnosed and 

uncontrolled despite being a leading factor in preventable death and disability [8]. Between 20-

60% of individuals with T2DM will have concomitant HPT, and the co-morbidity varies with 

age, ethnicity, and body mass index [9]. HPT doubles the risk of all-cause mortality and stroke, 

triples the risk of coronary artery disease and accelerates the progression of diabetic 

nephropathy, retinopathy and neuropathy [9].  

 

Obesity was shown to be an independent risk factor for dyslipidemia and cardiovascular 

diseases and weight loss is considered a key measure in the management of T2DM [10]. A 

2022 review article found that weight loss of >15% can have a disease-modifying effect in 

people with T2DM, an outcome that may be superior to some blood glucose-lowering 

pharmacotherapy [11]. Management of obesity in SSA is particularly challenging as people in 

some African countries prefer being overweight or obese [12]. They often perceived obesity as 

a marker of wealth [12].  A cross-sectional study in 2016, found that South Africa (SA) had a 

statistically significant higher prevalence of obesity (54 %) compared to the other sites in SSA 

[13].  

Genetics plays a role in fat distribution. Asians have more visceral fat as compared to Africans 

and Europeans [14].  Therefore, Asians tend to be more susceptible to T2DM even with lower 

BMIs when compared with Europeans [14]. Environmental determinants such as unhealthy 

diets, physical inactivity, and tobacco and alcohol consumption were found to affect HPT [7]. 

These factors increased the risk of insulin resistance [15]. Healthcare professionals have been 

shown to misclassify individuals based on phenotypic appearance, therefore a standard 

measurement to obesity is preferred [16].  Fat accumulation can be described by various indices 

including: waist circumference (WC), Body mass index (BMI), waist-to-height ratio (WTHR) 
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and waist-to-hip ratio (WHPR) [17] [2]. BMI is a commonly used index of weight-for-height 

to classify obesity in adults [2].  

In addition to screening for obesity, identification of cardiovascular risk factors such as HPT 

has been documented in various studies with no consensus regarding the best anthropometric 

predictor for HPT.  Most studies have described anthropometry in general cohorts rather than 

in PLWD. For example, a study found BMI in men and WC in women were the best predictors 

of HPT in a general cohort [18]. Studies that focused on anthropometric indices as predictors 

of cardiovascular risk factors in PLWD also lack consensus. A 2019 study in Pakistan found 

that HPT was strongly associated with all the parameters of obesity (WC, WHPR, and BMI) 

[19], while in 2020 a study in Cameroon found that BMI was a non-significant risk factor for 

HPT in PLWD [20].  

 

The use of WC requires ethnic and sex-specific cut-off values in PLWD. For example, African 

women were found to have a high prevalence of obesity and the WC cut-off point 

recommended for the diagnosis of the metabolic syndrome (80.0 cm) should be increased to 

91.5 cm [21]. In 2020, Xing et al. described in a diabetic cohort that WC was not an adequate 

predictor of major cardiovascular adverse events in women as compared to men [22].  

 

WTHR values of 0.5 or above may indicate increased cardiovascular disease risk across sub-

populations [23]. WTHR has been described to be cheaper, lacks the need for a scale and 

calibration with easier boundaries that may be used from consumer-friendly charts as compared 

to BMI [23]. WTHR does however require a stadiometer and tape measure [23]. A 2022 study 

in China found that WTHR has a stronger association with cardio-cerebrovascular events in 

PLWD [24]. In a prospective study, WTHR was a more accurate tool for predicting HPT as 

compared to WHPR and BMI in PLWD [25]. 

 

Current evidence on anthropometric indices as a predictor for HPT remain unclear in PLWD. 

The purpose of this scoping review was to determine the associations between various 

anthropometric indices as a predictor for HPT in PLWD in LMICs in the context of SSA.  
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METHODS  

Study Design 

We performed a scoping review of literature using a systematic approach outlined by the 

Preferred Reporting Items for Systematic review and Meta-Analysis (PRISMA) guidelines 

[26]. The scoping review approach was used to cover the scope of literature and identify key 

characteristics or factors related to the topic.  

Search strategy  

The search was conducted using the following databases: PubMed, Scopus and Cochrane. 

Keywords used in the search included diabetes, waist-height ratio, waist circumference, body 

mass index, adults, hypertension, low-middle income countries and Sub-Saharan Africa 

countries. 

A brief google search was also performed to find articles related to the topic. Broader search 

terms were included: ‘BMI’, ‘waist-to-height ratio’, ‘waist circumference’, ‘hypertension’ 

‘diabetes’, ‘LMIC’ and ‘Sub-Saharan Africa’. From the results, articles were identified by title 

and read in full for possible associations. Articles that were found on other search engines were 

not read in the google search. An additional 15 articles met the inclusion criteria for screening.  

Only published journal articles were included in the study.  

PubMed Search String 

Waist-height ratio OR waist circumference OR body mass index OR obesity OR 

overweight OR anthropometry OR BMI OR WC OR WTHR AND  

In diabetes OR diabetes Mellitus OR Insulin-dependent diabetes mellitus OR non-

insulin-dependent diabetes mellitus OR NIDDM OR IDDM OR Type 2 diabetes 

mellitus OR Type 1 diabetes mellitus OR DM AND  

Hypertension OR high blood pressure OR systolic hypertension OR diastolic 

hypertension AND 

In adults AND  

Low-middle income countries OR low-income country OR middle-income country   

* as noted by the World Bank (6) AND 

Sub-Saharan Africa OR Africa, Sub-Saharan  
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Study selection and inclusion criteria 

Studies that were included in the review if they:  

(1) were in cohorts of PLWD  

(2) in non-pregnant adults (defined as 18 years or older); 

(3) stated an association between anthropometric indices and hypertension  

(4) were either cross-sectional, retrospective or prospective;  

(5) were in countries that were defined as lower middle-income in economies are those with a 

Gross National Income (GNI) per capita between $1,036 and $4,045 as listed by The World 

Bank in 2021 in SSA [3];  

(6) and were published between 2011 and 2021. 

  

We excluded articles that did not meet all six of the above criteria. 

 

The following definitions were utilised in the study:  

The definition of HPT was systolic blood pressure ≥140mmHg or diastolic blood pressure 

≥90mmHg [27], unless otherwise stated. Studies were utilised even if alternative cut-off values 

were used in local guidelines, provided that a diagnosis of HPT was made. BMI was defined 

as underweight (<18.5kg/m2), normal (18.5-24.9kg/m2), overweight (25-29.9kg/m2), obese 

(≥30kg/m2) [unless otherwise stated e.g. Asian criteria]. Abnormal WTHR, WHPR and WC 

were defined as stated by each study.  

 

Data extraction and synthesis 

All references were captured by each search engine and uploaded to Zotero. Duplicates were 

identified and subsequently removed.  The eligibility of the articles was assessed by the primary 

reviewer in two steps, the first step included a review of all titles and abstracts relevant to the 

research question. In the second step, relevant full texts were read to assess their eligibility for 

the review. The primary reviewer extracted all data from all eligible articles by using a standard 

data collection tool which including the following: author name, year of publication, country, 

region, study type, sex, participant’s characteristics, type of diabetes, associations between 

hypertension and WC, WTHR and BMI.  The secondary reviewer reviewed all the extractions. 

Finally, the next steps included recording the data appropriately using a table in Microsoft 

Word, summarizing and reporting of results. The results were reported using the PRISMA 

guidelines.  
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RESULTS 

Table 1: Summary of studies in the scoping review 

No.  Author name and year 

of publication 

Country No of 

PLWD 

% HPT 

 

 

Type of 

anthropometric 

index used 

Cut-off points for anthropometric 

index 

Association between HPT and 

anthropometry 

       BMI 
(kg/m2) 

WC 
(cm) 

WTHR WHPR 

1. Mwitha et al. 2019  

[28] 

Botswan

a 

500 80.8% BMI. WC. 

WHPR 

BMI* 

WHPR≥0.85 women ≥0.9 men 

WC - NR 

0 NR  0 

2. Kemche et al. 2020 [20] Cameroo

n 

109 86.2% # 

*** 

BMI  

WC  

WHPR 

BMI * 

WC (NR) 

WHPR (NR) 

0 +  + 

3. Abdissa et al. 2020 [29] Ethiopia 366 37.4% BMI BMI* +    

4. Akalu et al. 2020 [30] Ethiopia 378 59.5% # BMI BMI* +    

5. Azeez et al. 2021 [31] Ethiopia 67 NR # WHPR. BMI  

WTHR, WC 

WHPR >0.9 in men and >0.85 in 

women. 

BMI* ≥30.0 kg/m2  

WTHR >0.5 

WC >94CM men, 80cm women  

+SBP 

+DBP 

+DBP NR NR 

6. Migora et al. 2021 [32] Ethiopia 540 29.0%  BMI BMI* +    

7. Tsegaw et al. 2021 [33] Ethiopia 739 50.2% BMI BMI* +    

8. Ephraim et al. 2016 [34] Ghana 107 37.4% # BMI BMI* 0     

9. Chinedu et al. 2015 [35] Nigeria 244 57.4% BMI BMI* +    

10. Enikuomehin et al.  2020 

[36] 

Nigeria 400 NR # ** BMI 

WHPR 

WC 

 

 

 

 

BMI*  

WHPR >0.9 in men and >0.85 in women 

was defined as central obesity 

WC ≥94 cm in men and 

≥80cm in women.  

 

+ 

Women 

NR  NR 
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No. Author name and year 

of publication 

Country No of 

PLWD 

% HPT 

 

 

Type of 

anthropometric 

index used 

Cut-off points for anthropometric 

index 

Association between HPT and 

anthropometry 

       BMI 
(kg/m2) 

WC 
(cm) 

WTHR WHPR 

11. Gezawa et al. 2019 

[37] 

Nigeria 220 46.8% # BMI 

WHPR 

WC 

WTHR 

BMI* 

WC≥102 cm in men and ≥88 cm in 

women 

WHPR≥0.90 in men and ≥0.85 in 

women 

WTHR≥0.5 in both sex 

+SBP 

+DBP 

+SBP 

+DBP 

 

 

+SBP 

+DBP 

+SBP 

12. Ogundele et al. 2015 [38] Nigeria 150 79.0% 

**** 

BMI BMI* +    

13. Unadike et al. 2011 [39] Nigeria 450 54.2%  BMI 

WHPR 

BMI (Categories not stated) 

WHPR (Categories not stated) 

+   NR 

14. Adeniyi et al. 2016 [40] South 

Africa 

265 81.0% BMI BMI* +    

15. Kalk et al. 2011 [41] South 

Africa 

203 NR ** WC Men WC >90cm  +    

16. Abdelbagi et al. 2021 [42] Sudan 1973  45.6%  BMI BMI* +    

17. Ali et al. 2017 [43] Sudan 1337 39.7% BMI 

WC 

BMI* 

WC (>94 and >80cm for men and 

women respectively) 

+ 

women 

+ 

women 

  

18. Mwitha et al. 2012 44] Tanzania  150 54.7% BMI BMI* +    

19. Namusisi et al. 2011 [45] Uganda 1383  37.5%  BMI 

 

BMI* + 

women 

   

20. Muddu et al. 2018 [46] Uganda 201 61.9% BMI 

WHPR 

BMI* 

WHPR (NR) 

+   0 

21. Tino et al. 2020 [47] Uganda 1275 69.6% BMI BMI* +    

Key for Table 1 

* BMI was defined as underweight<18.5kg/m2. normal 18.5-24.9kg/m2; overweight 25-29.9kg/m2; obese≥30 kg/m2 

** Definition of HPT: BP≥130/85mmHg 

*** Definition of HPT: BP≥130/80mmHg 

****No definition of HPT recorded 

#: Appropriate cuff technique stated in study.  

NR: No record 

0: No association between anthropometry and HPT 

+  Positive association between overweight/obese or increased WC or increased WTHR or increased WHPR and HPT 

-  Negative association between overweight/obese or increased WC or increased WTHR or increased WHPR and HPT 
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Demographics of the different studies 

There were 21 studies that met our inclusion criteria (Table 1). A total of 11 057 patients were 

studied across 9 countries in the various regions across SSA. (Table 2) 

Table 2: Summary of origin of studies utilised in study 

Country Number of studies 

Ethiopia 5 

Nigeria 5 

Uganda 3 

South Africa 2 

Sudan 2 

Botswana 1 

Cameroon 1 

Ghana 1 

Tanzania 1 

     

Relationships between anthropometry and HPT 

There were varying associations found between HPT and anthropometry. Seventeen (17) 

studies (81%) found that HPT was positively associated with anthropometry in all categories 

that were commented on from the study.  Two (2) studies found no association [28][34], while 

2 studies found a mixed associations between anthropometric indices [20][46] e.g. WHPR 

offered no association while BMI was positively associated with HPT [46]. No studies found 

an inverse relationship between anthropometry and HPT. (Table 1) 

 

Anthropometric sub-analysis 

The most common anthropometric index used was BMI. It was positively associated with HPT 

in 17 studies while 3 studies found no association with HPT. Twelve studies (57.14%) 

commented solely on BMI as their anthropometric index. There was a positive association in 

all studies that recorded the association between WC and HPT. Only 1 study reported a positive 

association between WTHR and HPT. Mixed findings were found between studies that 

reported on WHPR. (Table 1) 
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Hypertension:  

The HPT prevalence in PLWD ranged from 29.0% to 86.2% throughout the various studies. 

Six (6) studies recorded that the appropriate cuff technique was used, while the other studies 

did not comment on this. (Table 1) 

 

DISCUSSION  

Our scoping review found that most studies utilised BMI as their anthropometric index of 

choice. Most studies in the review, regardless of demographics, found that anthropometry is 

positively associated with HPT. These findings concur with reports in PLWD in other LMICs 

[19] [48] [49].  

Variation in body habitus and the need for local guidelines is important to consider. In 5 studies 

that found WC to be positively associated with HPT, we found various cut-off points for WC 

being utilised. In males, Azeez et al. [31] found a positive association between HPT and WC 

of >94cm, while Kalk et al. [41] and Gezawa et al. [37] found this association at >90cm and 

≥102cm respectively. In females, both Azeez et al. [31] and Ali et al. [43] found a positive 

association at a WC≥80cm, while Gezawa et al. [37] used a higher cut-off of ≥88cm. In SSA, 

Crowther et al. [21] found that current WC for females is not appropriate for the diagnosis of 

metabolic syndrome (including HPT) and should be increased from 80cm to 91.5cm. The study 

highlights the inappropriate use of guidelines derived from non-African study cohorts for the 

diagnosis of diseases within Africa. This highlights that variation in body habitus according to 

sex, ethnicity and region should be considered when assessing anthropometry.  

Research shows that comorbid diseases, such as T2DM and HPT, occur at lower BMI levels in 

Asian populations than in the white populations [50]. Asian obesity criteria utilise different 

cut-off values to define BMI. For example, in China (LMIC), Chen et al. defines obesity as 

BMI≥28kg/m2 and overweight as BMI of 24-28kg/m2 [51]. This contrasts the standard 

definition of overweight/obesity with the standard ‘overweight’ classification now being 

defined as ‘obese’. Although there are fewer Asian people in Africa, this example illustrates 

the importance of interpreting anthropometry with local protocols considering demographics 

or ethnicity.  

Central obesity as compared to BMI has been associated with increased cardiovascular risk and 

mortality in PLWD [52]. We focused on three indices in this review (BMI, WC and WTHR), 
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however some studies mentioned WHPR which was important to note. In terms of WHPR, 

there were few studies noted with no consensus between studies found regarding its ability to 

predict HPT in PLWD. Despite using the same cut-off values for WHPR, Mwitha et al. 2019 

[44] and Gezawa et al. [37] found conflicting associations with regards to HPT.  In another 

LMIC, Chaudhary et al. [19] found a positive association with a WHPR of > 0.9 and > 0.8 in 

men and women. This shows its potential value of being utilised in PLWD; however, further 

studies are needed for comparison.  

WTHR has been proposed as a superior screening tool than both WC and BMI for adult 

cardiometabolic risk factors [23]. The reason proposed by Ashwell et al. is due to it being a 

sensitive test utilising the same values among different ethic groups [23]. In our study, there 

were limited associations of WTHR with only one study examining this association in PLWD. 

Globally, however, other studies conducted in LMIC (Iran and China) outside of SSA have 

also determined that WTHR is the preferred index for anthropometry in PLWD [24] [25]. This 

serves to highlight that not all anthropometric indices are equal and more attention ought to be 

given to determine the best anthropometric index in cohorts of PLWD. This is worthwhile to 

determine as obesity is a key modifiable risk factor.  In our scoping review only one study 

commented on the association of WTHR on HPT in the context of DM [37], while most studies 

utilised BMI as their choice of anthropometry. In terms of WHPR and WC, varying results 

were also present with some find positive association vs negative association vs no association. 

 

LIMITATIONS 

Our results may be susceptible to the bias related to the search being restricted to three 

electronic databases and journals written in the English language only. However, PubMed is 

one of the largest medical search engines available. Grey literature was not included, only 

published journals. Journal articles that were not retrievable due to lack of access were 

excluded. The author was a single reviewer in the manuscript selection stage; however, 

screening and extraction included a second reviewer. Due to variation in studies, there were 

different cut-off values for anthropometry in different locations. The ethnic and cultural impact 

on anthropometry can be further explored. The studies focus on HPT prevalence rather than 

incidence.  
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CONCLUSION  

Our scoping review highlighted a positive association between HPT and anthropometry in most 

studies. Limited data was available comparing the different anthropometric indices. We found 

that additional studies are warranted to evaluate anthropometric indices in PLWD. 
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CHAPTER 3:  

 

WAIST CIRCUMFERENCE, WAIST-TO HEIGHT RATIO, OR BODY 

MASS INDEX: ARE THEY ALL EQUAL AS PREDICTORS OF 

HYPERTENSION IN PATIENTS LIVING WITH DIABETES 

MELLITUS?  

 

THE RESEARCH ARTICLE 
 

 

 

This chapter focuses on original cross-sectional study research describing the associations 

between three anthropometric indices and HPT in patients visiting the Harry Gwala Regional 

Hospital (formerly known as Edendale Regional Hospital) diabetes clinic situated in 

Pietermaritzburg, KwaZulu-Natal.  
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ABSTRACT 

Background: Obesity is a well-documented risk factor for hypertension (HPT) with increasing 

evidence to suggest visceral adiposity as a greater risk factor for cardiovascular disease (CVD) 

than body mass index (BMI). Current evidence on anthropometric indices as a predictor for 

HPT remain unclear in patients living with diabetes mellitus (PLWD).   

Objectives: To determine the association between HPT and anthropometry indices [BMI, 

waist circumference (WC) and waist-to-height ratio (WTHR)] in PLWD. 

Methods: A cross-sectional study analysed data captured from standardised clinic sheets from 

the DM clinic at the Harry Gwala Regional Hospital, Pietermaritzburg, South Africa, from 1 

January 2019 to 31 December 2019. Data was analysed using Statistical Package for Social 

Sciences (SPSS). Chi-square test was used to calculate associations where a p-value of < 0.05 

was considered statistically significant. Logistic regression was performed using HPT as a 

dependant variable and coded anthropometric indices (categorical) as independent variables. 

Results:  

Data from 957 PLWD was used for the study, majority having type 2 diabetes mellitus (T2DM) 

[811; 86.2%]. We found that over three-quarters (77%) of PLWD had HPT. About 55% of the 

population was obese. Women with DM and HPT were significantly more obese, older and 

had a longer duration of DM as compared to men. More than 85% of hypertensive PLWD that 

were overweight or obese, had an increased WC and abnormal WTHR. All anthropometry was 

found to be significantly associated with HPT. Overall, WTHR had the highest adjusted odds 

for predicting HPT in PLWD (AOR 4.81 [95% CI 2.05-11.31, p<0.001]). Approximately 15% 

of the study cohort was HIV-infected.  However, in our multivariate analysis, HIV status did 

not play a significant role in the association of anthropometry and HPT. 

Conclusion: Our study found that all anthropometric indices were significantly associated with 

HPT. WTHR had the highest odds in the association of HPT in PLWD. Although 

anthropometry may not replace a sphygmomanometer in any clinical setting, we found that it 

may help identify patients at high risk of developing HPT. In addition, the use of anthropometry 

can help detect patients that are overweight or obese for flag them for further monitoring. We 

advocate for more research on local guidance of anthropometric thresholds in PLWD.   
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Background 

T2DM is associated with a life expectancy loss of 6 years as compared to people without T2DM 

at the age of 50 [1]. Better control of blood pressure, glucose and cholesterol levels and body 

weight in people with T2DM can potentially reduce the risk of diabetes-related complications 

and increase life expectancy [2]. Patients with T2DM are generally more obese as compared to 

patients without T2DM [3]. Weight loss is considered an important management goal in T2DM 

[4]. Anthropometry is a commonly used tool to detect obesity; however, its uses can be 

multifaceted including predicting cardiovascular risk factors such as HPT [5]. A study in Iran 

showed in a general cohort that BMI in men and WC in women were the best predictors of 

incident HPT [6].  Currently, there is no consensus on anthropometric index of choice to predict 

HPT in PLWD.  

Obesity can be described by various anthropometric indices some of which include waist 

circumference (WC), body mass index (BMI) and waist-to-height ratio (WTHR) [7]. BMI is a 

standard index of weight-for-height used to classify obesity in adults [8]. Patients with T2DM 

tend to be more obese, therefore predictions of cardiovascular risk from general cohorts may 

not be comparable with PLWD [9]. There is increasing evidence suggests that visceral 

adiposity is a greater risk for CVD than BMI [10]. Detecting obesity and cardiovascular risk 

factors through the use of anthropometry adds to its importance as its rightful purpose of 

identifying metabolic syndrome. Considering low-to-middle-income countries (LMICs), the 

use of WC or WTHR is an alternative, acceptable method of measuring obesity [11, 12]. A 

simple tape measure and stadiometer could provide vital information that can risk stratify 

people.  

 

The diagnosis of HPT is dependent on the use of a reliable sphygmomanometer which doesn’t 

come without its challenges. A 2021 study in Uganda found blood pressure (BP) machines are 

often not available, not calibrated and difficult to access. It is also affected by cuff size, anxiety 

and substances. For example, white coat hypertension is elevated BP in office settings that may 

unnecessarily lead to false diagnoses of HPT [13]. This is further supported by a 2020 review 

of “Human Errors in Automated Office Blood Pressure Measurement”. The review identified 

that failure to follow standard BP measuring protocols is a barrier to using automated BP 

machines [14]. Multiple readings are recommended for the diagnosis of HPT and patients may 

be lost to follow-up [14]. This could be difficult in some countries where attendance to follow-

up is already low. A study in Pakistan found attendance at follow-up visits was low among 
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patients with HPT which may have contributed to poor treatment outcomes in patients [15]. 

Considering this, an additional tool, may aid detection of HPT and add value to the uses of 

anthropometry.  

 

The purpose of this cross-sectional study was to determine if anthropometric indices viz. WC, 

WTHR, or BMI were equal predictors of HPT in PLWD.  

METHODS  

Study Design 

A cross-sectional study was performed using data collected from patients who attended a 

specialised diabetes clinic at the Harry Gwala Regional Hospital (formerly Edendale Regional 

Hospital) Pietermaritzburg, KwaZulu- Natal. The study sample included all patients who 

attended the clinic during the period of 1 January 2019 to 31 December 2019. Data of all first 

visit patients to the Edendale Diabetes Clinic that met inclusion criteria during the study period 

were utilised for the study. 

 

Patients were not invited to participate; rather the datasheets utilised were standardised practice 

in the Edendale Diabetes Clinic for every patient.  Database class approval at this clinic was 

authorised by both Harry Gwala Regional Hospital (formerly Edendale Regional Hospital) and 

the University of KwaZulu-Natal Biomedical Research and Ethics Committee (BREC 

BCA194/15). All patient details were taken anonymously to protect patients and maintain 

confidentiality. The data for this study included all patients 18 years or older. 

 

Patient demographics, family history of DM, glycated haemoglobin (HbA1c %), HIV status, 

type of DM (Type 1 or 2), total cholesterol (TC)(mmol/l), triglyceride level (mmol/l), high 

density lipoprotein (HDL)(mmol/l), low density lipoprotein (LDL) (mmol/l), blood pressure 

(mmHg), eGFR (estimated Glomerular Filtration Rate) (ml/min) and social factors (diet 

adherence, exercise) were recorded. The presence of microvascular complications of DM 

(nephropathy, peripheral neuropathy, proliferative and non-proliferative retinopathy) and 

macrovascular complications of DM (stroke or cerebrovascular accident (CVA), ischaemic 

heart disease (IHD), myocardial infarction (MI) were also recorded.  
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Weight, height, WC, WTHR and BMI were calculated by trained healthcare workers following 

standardised protocols, as set by the World Health Organization (WHO) [8]. To perform height, 

weight and BMI calculations, the Adam® Equipment MDW-300L scale was used. The 

patient’s WC was taken at the end of normal expiration with a measuring tape at a point midway 

between the lower ribcage and the superior iliac crest in the midaxillary line. BMI was 

calculated as weight in kilograms divided by the square of height in meters. WTHR was 

calculated as WC (cm) divided by height (cm).  

 

The values were categorised according to standardised guidelines. BMI (kg/m2) was calculated 

and defined as underweight <18.5kg/m2, normal weight 18.5-24.9kg/m2, overweight as 

>25kg/m2, 30-34.9kg/m2 (Class 1 obesity), 35-39.9kg/m2 (Class 2 obesity), ≥40kg/m2 (Class 3 

obesity) [8]. Abnormal WC was classified as >94cm for men and >80cm for women [16]. 

According to a systemic review, the mean boundary values for WTHR covering all 

cardiometabolic outcomes from studies in 14 different countries and including Caucasian, 

Asian, and Central American people were 0.5 for both men and women, hence was used in this 

study as a cut-off point for both men and women [17]. 

 

Good glycaemic control was defined as a HbA1c value <7% [16]. The Bio-Rad D-10 machine 

(Bio-Rad Laboratories, Hercules, CA, USA) was used for analysing the HbA1c values at the 

laboratory. Both the laboratory and the machines are NGSP (National Glycohemoglobin 

Standardization Program) accredited to maintain standardisation of HbA1c results. Blood 

pressure (BP) and pulse were recorded using a Mindray® VS-800 machine. BP was recorded, 

as described in the 2014 South African hypertension guidelines. HPT is defined as persistent 

elevated blood pressure ≥140/90mmHg [18]. BP was taken while the patient was in a sitting 

position, from the right arm after the patient rested for at least 5 minutes before measurement. 

Two readings using an appropriate standard adult cuff were taken at a 5 min interval, and the 

average of the two readings was reported. All patients that were known to be hypertensive 

irrespective of current blood pressure reading were included in the study. All patients classified 

as having HPT in the study were either on anti-hypertensive medication or not. No incident 

cases of HPT were recorded. Raised TC was defined as ≥4.5mmol/l, triglycerides ≥1.7mmol/l, 

LDL ≥1.8mmol/l. [16] Reduced HDL was recorded as <1mmol/l for men and <1.2mmol/l for 

women [16]. Abnormal eGFR <60ml/min was considered as chronic kidney disease (CKD) 

[19]. We followed basic recommendations that were made which constituted “following diet” 
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in our study. This included a minimum of 5 portions of fruit and vegetable a day and avoidance 

of sugars and processed foods. Calorie intake was not calculated [16]. Patients that performed 

at least 150 minutes of aerobic exercise a week were considered to be ‘following exercise’ [16] 

Peripheral sensory neuropathy was diagnosed both from a history of painful feet, paraesthesia 

and using monofilament testing [16]. 

 

This study was approved by the University of KwaZulu-Natal Biomedical Research and Ethics 

Committee (BREC) 3287/2021. 

 

Statistical analysis 

Statistical analysis was conducted with continuous data using Kruskal Wallis test or 

independent samples test with ANOVA corrections, while categorical data relationships were 

determined using either chi-square or Fisher’s exact tests. Z proportion tests were also used for 

cross-tabulations. A p-value <0.05 was used as indicator of significance. Data were analysed 

by Statistical Package for Social Science (SPSS) version 25 for Windows (IBM Corp, Armonk, 

NY, USA). We used standardised reporting of non-parametric data as median ± interquartile 

range (IQR). Logistic regression was done to determine odds ratios using HPT as a dependant 

variable and coded anthropometric indices (categorical) as independent variables. Adjustment 

variables were determined using bivariate analysis. Only significant variables were chosen as 

adjustment factors.  

RESULTS  

(A) Participant characteristics 

In our study of patients attending Edendale DM clinic, we found women with DM were 

significantly older than men (p<0.001). Women had a longer duration of DM as compared to 

men (p<0.001). More PLWD had T2DM than T1DM (85.89% vs 13.79%, respectively). 

Approximately eighty-five percent (85.12%) of PLWD had poor glycaemic control (HbA1C 

>7%). More than 77% of PLWD were hypertensive. The proportion of hypertensive patients 

did not differ significantly between men and women (p=0.272). The most common diabetic 

complications identified in this study population was chronic kidney disease (34.38%) and 

peripheral neuropathy (39.08%).  
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There were 146 PLWD who were HIV-infected (PLWDHIV) in the study population, of which 

more than 80% were on ART.  
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(B) Table 1: Characteristics of study population 

 Women  

n=664 (%) 

Men 

n=293 (%) 

Overall a 

N=957 (%) 

P value 

Age (years)* 57 (48-65) 50 (36-61) 56 (44-64) <0.001b 

Duration of DM (years)*a 

(n=954) 

9 (4-17) 6 (2-13) 8 (3-15) <0.001b 

T1DMa (n=954) 65 (9.79) 67(22.87) 132 (13.79) a 0.022c 

T2DMa (n=954) 596 (89.76) 226 (77.13) 822 (85.89) a 0.328c 

HIV-infected 96 (14.46) 50 (17.06) 146 (15.26) 0.643c 

On ART d 81 (84.38) d 48 (96.00) d 129 (88.36) d 0.387c 

Adherence to dietary 

recommendations a (n=951) 

558 (84.04) 249 (84.98) 807 (84.33) a 0.942c 

Adherence to exercise  

recommendations a (n=951) 

495 (74.55) 227 (77.47) 722 (75.44) a 0.813c 

HPT 545 (82.08) 201 (68.60) 746 (77.95) 0.272c 

HbA1ca >7% 539 (81.17) 222 (75.77) 761 (79.52) a 0.666c 

BMI Categories a (n=875)  

BMI <18.5 kg/m2 5 (0.75) 10 (3.41) 15 (1.57) a 0.192c 

BMI 18.5-24.9 kg/m2 56 (8.43) 80 (27.30) 136 (14.21) a 0.002c 

BMI 25-29.9 kg/m2 107(16.11)   85(29.01) 192 (20.06) a 0.055c 

BMI >30 kg/m2 437(65.81) 95(32.42) 532 (55.59) a <0.001c 
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 Women  

n=664 (%) 

Men 

n=293 (%) 

Overall a 

N=957 (%) 

P value 

WTHR a ≥0.5 (n=868) 572 (86.14)    189 (64.51) 761 (79.52) a 0.078c 

 

Elevated WC a (Men>94cm, 

Women>80cm) 

(n=862) 

 

574 (86.45) 

 

142(48.46) 

 

716 (74.82) a 

 

0.001c 

TC a ≥ 4.5mmol/l  (n=880) 328 (49.40) 108 (36.86) 436 (45.56) a 0.177c 

Triglycerides a>1.7 mmol/l 

(n=875) 

271 (40.81) 107 (36.52) 378 (39.50) a 0.626c 

LDL a >1.8mmol/l (n=874) 296 (44.58) 124 (42.32) 420 (43.89) a 0.808c 

HDL a<1.2 in women or <1.0 

in men, mmol/l (n=862) 

239 (35.99) 76 (25.94) 315 (32.92) a 0.202c 

 Diabetic complications  

CVA 21 (3.16) 11(3.75) 32 (3.34) 0.822c 

MI  3 (0.45) 3(1.02) 6 (0.63) 0.638c 

Angina 7 (1.05) 4(1.37) 11 (1.15) 0.837c 

CKD (eGFR<60) 251 (37.80) 78 (26.62) 329 (34.38) 0.164c 

Proliferative Retinopathy 19 (2.86) 4 (1.37) 23 (2.40) 0.469c 

Non-Proliferative Retinopathy 66(9.94) 18(6.14) 84 (8.78) 0.343c 

Peripheral Neuropathy  286 (43.07) 88 (30.03) 374 (39.08) 0.127c 
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Key for Table 1 

*Median (IQR) 

a Some information missing from sub-categories (% new n) 

b Calculated using the median values through the Independent samples ANOVA test  

c Percentage values between men vs women compared via Chi-Squared Test  

d Percentage totals of HIV-infected patients only 

Keywords: ART Anti-retroviral therapy BMI Body Mass Index CVA Cerebrovascular accident (Stroke) 

CKD Chronic Kidney Disease DM Diabetes Mellitus HBA1C Glycated Haemoglobin HDL High density 

lipoprotein HIV Human Immunodeficiency Virus HPT Hypertension IHD Ischaemic heart disease (angina) 

IQR Interquartile range LDL Low density lipoprotein MI Myocardial infarction T1DM Type 1 Diabetes 

Mellitus T2DM Type 2 Diabetes Mellitus TC Total Cholesterol WC Waist circumference WTHR Waist-to-

height ratio 

 

(C) Anthropometry  

Approximately 55% of the study population were obese by BMI classification [Table 1]. There 

was significant association between sex and BMI (p<0.001). More than 74% of PLWD had 

abnormal WC, while more than 79% had an abnormal WTHR [Table1]. More than 85% of 

hypertensive PLWD were overweight/obese, had an increased WC and abnormal WTHR 

[Table 2].  

(D) Sex 

Women with DM and HPT were significantly more obese than men (P=0.001), whereas with 

men the association was found in those with normal weight (P=0.004) and being overweight 

(P=0.010). A greater proportion of hypertensive women had an increased WC (p=0.006) and 

WTHR (p=0.384) as compared to men. By contrast, men with normal WC and WTHR were 

found to be significantly associated with HPT as compared to women (P<0.001) [Table 2].  

(E) HIV 

A greater proportion of HIV-uninfected patients with HPT had obesity, increased WC and 

abnormal WTHR; however, associations were found to be non-significant. Only HIV-infected 

patients with normal WC were significantly associated with HPT as compared to HIV-

uninfected patients (p=0.010) [Table 3].   
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Binary Logistic Regression  

Binary Logistic Regression (BLR) was performed on the data with HPT as the dependent 

variable and each of BMI, WC and WTHR as independent variables [Table 4].  

 

(A)  Overall analysis  

Table 4: Overall Bivariate and Multivariate analysis  

 
Bivariate Analysis Multivariate Analysis 

Variable Unadjusted 

OR 

CI Pearson 

Chi-

Square 

Value 

p-value Adjusted 

OR 

CI p-value 

BMI 3.60 2.49 - 5.23 49.50 < 0.001  2.97  1.53-

5.79 

 0.001 

WC 4.63 3.18 - 6.76 79.69 < 0.001  3.67   1.66-

8.14 

 0.001 

WTHR 7.58 4.83 - 11.91 95.82 < 0.001  4.81  2.05-

11.31 

 <0.001 

 

A Chi-square test of independence was done for the bivariate analysis. Each of the independent 

conditions were significantly related to HPT (p<0.001) [Table 4]. All anthropometric indices 

were significantly associated with HPT in the bivariate and multivariate analysis. Overall, 

WTHR had the highest odds for predicting HPT in PLWD (p<0.001). All adjustment variables 

that were significant in the bivariate analysis were included in the model.  We adjusted for the 

following variables: Sex, CVA (Stroke), Peripheral Neuropathy (PN), HIV Status, total 

cholesterol, triglycerides, HDL, LDL, GFR, exercise and HbA1c. All anthropometric indices 

studied on was found to be significant in the multivariate analysis. No significant difference in 

overall multivariate analysis was found for HIV status (p=0.995). 

 

(B1) Anthropometry in Women 

All anthropometric indices were found to be significant in women in the multivariate 

regression. Abnormal WTHR was found to have the highest odds in predicting HPT in women 

(p<0.001) [Table 5].  
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Table 5: Bivariate and Multivariate analysis of women only 

 
Bivariate Analysis Multivariate Analysis 

Variable Unadjusted 

OR 

CI Pearson 

Chi-

Square 

Value 

p-value Adjusted 

OR 

CI p-

value 

BMI 3.01 1.71 - 5.30 15.78 < 0.001  2.91  1.33-6.38  0.008 

WC 14.57 5.18 - 41.03 42.10 < 0.001  17.98  4.00-80.86  0.001 

WTHR 22.60 7.48 - 68.26 58.48 < 0.001  22.30  5.06-98.31  0.001 

 

(B2) Anthropometry in Men 

In men, all anthropometric indices were significantly associated with HPT in men [Table 6]. 

Men with an abnormal WTHR were 3.83 times more likely to be hypertensive than with normal 

WTHR (p=0.002).  

Table 6: Bivariate and multivariate analysis of men only 

 Bivariate Analysis Multivariate Analysis 

Variable 
Unadjusted 

OR 
CI 

Pearson 

Chi-Square 

Value 

p-value 
Adjusted 

OR 
CI 

p-

value 

BMI 3.17 1.86 - 5.45 18.62 < 0.001  3.23  1.54-6.77  0.002 

WC 3.32 1.94 - 5.69 19.97 < 0.001  2.39  1.18-4.82  0.015 

WTHR 4.42 2.51 - 7.82 28.18 < 0.001  3.83  1.59-7.18  0.002 
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DISCUSSION 

We found that over three-quarter (77%) of PLWD had HPT while 55% of the population was 

obese by BMI classification. Women with DM and HPT were significantly more obese, older 

and had a longer duration of DM as compared to men. We found more than 85% of 

hypertensive PLWD that were overweight/obese, had an increased WC and abnormal WTHR. 

All anthropometry was found to be significantly associated with HPT. Overall, WTHR had the 

highest odds for HPT in PLWD.  

In South Africa, a recent 2021 study conducted by Goetjes et al. found that men were 11.32% 

less likely to be obese than women [20]. Our study concurred with the findings of men being 

less obese than women but found greater differences between sexes. Previous studies in 

America and Europe have also documented a higher BMI among women [21,22].Our study 

found a higher prevalence of obesity than a recent Ethiopian study conducted in 2022 (55.9% 

vs 18.8%, respectively) [23]. Similarly, to our study, women were more obese than men [23]. 

The Ethiopian study also had a lower prevalence of HPT in their DM cohort as compared to 

our study (40% vs 77%) [23]. We postulate that our findings could reflect the effects of longer 

duration of DM on the population, and a greater proportion of women with higher levels of 

obesity.  In South Africa, rapid urbanisation characterised by the adoption of unhealthy energy-

dense diets and physical inactivity have contributed to the steadily increasing obesity epidemic, 

with 69% of women and 39% of men being classified as overweight or obese [24]. A systematic 

review and meta-analysis in 2016 found that African women are affected more by DM than 

African men.  This may be as a result of women taking the position of unpaid caregiver roles 

for affected family members, which results in less attention being given to their own health 

e.g., taking care of their own health [25, 26].   

Among patients with T2DM, blood pressure lowering was associated with decreased mortality 

[27]. Globally, there is more CVD in men compared to women in patients of all ages without 

DM [28]. However, these CVD event rates are shown to be similar among those women and 

men living with diabetes [29]. Therefore, predicting cardiovascular risk in PLWD varies from 

general cohorts. Healthcare professionals have been shown to misclassify individuals based on 

phenotypic appearance, hence a missed opportunity for management [30]. Among PLWD who 

are either overweight or obese, modest and sustained weight loss has been shown to improve 

glycaemic control, blood pressure, and lipids [31]. Anthropometry does offer a potential add 

on benefit to assess the risk of HPT in PLWD. Despite not being able to replace the standard 
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blood pressure measurement, it does provide us with an association for HPT in high-risk 

populations such as PLWD when no sphygmomanometers are available or problematic [14]. 

BMI is the most widely accepted anthropometric index and is universally accepted [32]. In our 

study we found that BMI was positively associated with HPT, but had a lower adjusted odds 

ratio (AOR) than the other two anthropometric indices for predicting HPT. Although BMI is 

the most widely utilised index, it may not offer the most relevant association in this current 

cohort of patients. A 2021 prospective study conducted by Moosaie et al. also determined that 

BMI was sub-optimal in predicting HPT in PLWD [33]. Although BMI is relatively easy to 

perform, the other anthropometric indices also can be done with ease [11,12].   

Our study found that WTHR>0.5 provided the highest odds ratio associated with HPT. Similar 

results have been found in studies from Asia which support that WTHR>0.5 is a better 

associated with HPT as compared to other indices [34,35,36].  A recent prospective study in a 

diabetic cohort found WTHR and BMI were significantly associated with an increased 

incidence of HPT [33]. A recommendation to help clinicians would be to “keep one’s waist-

line half of one’s height. However, the use of WTHR could be region specific. Some earlier 

studies had suggested that using a cut-off point of 0.5 for WTHR may not be suitable for 

African blacks and the one-size fits all approach needs to be reviewed [37,38].  

WC is an easy to use, inexpensive measure of obesity [39]. Women have a higher proportion 

of total subcutaneous fat distribution compared to men [40]. This leads to the potential risk of 

misclassification of obesity. There is need to validate the WC≥94 cm for men and ≥80 cm for 

women observed in this present study for other Sub-Saharan African populations. Most studies 

in South Africa have demonstrated the need for different WC thresholds in local populations 

[41,42,43]. 

Interestingly in this study, there were 146 PLWDHIV in the study population. Both DM and 

Human Immunodeficiency Virus (HIV) infection are independently associated with an 

increased risk of atherosclerosis. [44, 45] In Africa, BMI was significantly associated with HPT 

in HIV-infected patients in Tanzania [46] and Cameroon [47]. However, in our multivariate 

analysis, HIV status did not play a significant role in the association of anthropometry and 

HPT. We postulate that smaller sample size may have impacted its effect.  

We have shown a positive association between HPT and all anthropometric indices. All 

indicators were not equal as WTHR had the highest odds associated with HPT in PLWD. We 
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advocate that more research on local guidance for anthropometric thresholds in PLWD. The 

diagnosis of HPT should be performed with a sphygmomanometer as intended; however, 

anthropometry can be an additional tool to alert the clinician on weight management and the 

risk of HPT in PLWD.  

STUDY LIMITATIONS 

• As this was a cross-sectional study no causal relationships could be determined; rather, 

associations were defined.  

• We had less than 10% of data that was missing for some variables which we found to 

be acceptable with minimal consequent bias.  

• Waist-to-hip ratio data was not recorded. 

 

CONCLUSION 

Our study found that all anthropometric indices are significantly associated with HPT. WTHR 

had the highest odds in the prediction of HPT in PLWD. Although anthropometry may not 

replace a sphygmomanometer in our clinical setting, we recommend that it can be an additional 

tool to identify HPT in PLWD. At the same time, flag patients that are overweight or obese for 

further monitoring. We advocate for more research on local guidance of anthropometric 

thresholds in PLWD. 

 

 

 

 

 

 

 

 

 

 



56 
 

ACKNOWLEDGEMENTS 

Acknowledgements – Mr D Singh is thanked for his help in generating statistical analyses for 

the study. The authors would also like to thank Sister Lungi Ndaba and her nursing team at the 

Harry Gwala Regional Hospital diabetes clinic. 

 

Competing interests -The authors have declared that no competing interests exist.  

Author contributions-The principal author (KDK) made substantial contributions to the 

conception and design of the work, writing of the paper and final approval and agrees to be 

accountable for all aspects of the research. The co-author SP made substantial contributions to 

the conception of the work, critically reviewing, and editing the draft paper and final approval 

and agree to be accountable for all aspects of the research. 

Compliance with ethical standards- ethics was obtained from the Biomedical Research Ethics 

Committee, University of KwaZulu-Natal number 3287/2021.  

Funding information -The author(s) received no financial support for the research, authorship, 

and/or publication of this article. 

Data availability statement-Data sharing is not applicable to this article, as no new data were 

created or analyzed in this study. 

Disclaimer-The views and opinions expressed in this article are those of authors and do not 

necessarily reflect the position of any affiliated agency of the authors. 

  



57 
 

REFERENCES 

1. Rao Kondapally Seshasai S, Kaptoge S, Thompson A, Di Angelantonio E, Gao P, 

Sarwar N, et al. Diabetes mellitus, fasting glucose, and risk of cause-specific death. 

New England Journal of Medicine. 2011; 364(9):829-841. doi: 

10.1056/nejmoa1008862. PMID: 21366474; PMCID: PMC4109980. 

 

2. Kianmehr H, Zhang P, Luo J, Guo J, Pavkov ME, Bullard KM, et al. Potential gains in 

life expectancy associated with achieving treatment goals in us adults with type 2 

diabetes. The Journal of the American Medical Association Network Open. 2022; 

5(4):e227705. doi: 10.1001/jamanetworkopen.2022.7705. PMID: 35435970. 

 

3. Sarwar N, Gao P, Seshasai SR, Gobin R, Kaptoge S, Di Angelantonio E, et al. Diabetes 

mellitus, fasting blood glucose concentration, and risk of vascular disease: a 

collaborative meta-analysis of 102 prospective studies. Lancet. 2010 Jun 

26;375(9733):2215-22. doi: 10.1016/S0140-6736(10)60484-9. PMID: 20609967; 

PMCID: PMC2904878. 

4. Wilding JP. The importance of weight management in type 2 diabetes mellitus. 

International Journal Clinical Practice. 2014; 68(6):682-91. doi: 10.1111/ijcp.12384. 

PMID: 24548654; PMCID: PMC4238418. 

5. Wang C, Ye D, Xie Z, Huang X, Wang Z, Shangguan H, et al. Assessment of 

cardiovascular risk factors and their interactions in the risk of coronary heart disease in 

patients with type 2 diabetes with different weight levels, 2013-2018. Diabetes, 

Metabolic Syndrome and Obesity. 2021; 14:4253-4262. doi: 10.2147/DMSO.S335017. 

PMID: 34703258; PMCID: PMC8523514. 

 

6. Sadeghi M, Talaei M, Gharipour M, Oveisgharan S, Nezafati P, Dianatkhah M, et al. 

Anthropometric indices predicting incident hypertension in an Iranian population: The 

Isfahan cohort study. Anatolian Journal of Cardiology. 2019; 22(1):33-43. doi: 

10.14744/anatoljcardiol.2019.10594. PMID: 31264654; PMCID: PMC6683211. 

 

7. Hu F. Measurements of adiposity and body composition. Obesity Epidemiology. 2008; 

53–83. doi.org/10.1093/acprof:oso/9780195312911.003.0005 



58 
 

 

8. World Health Organization. Obesity and overweight factsheet [Internet].  World Health 

Organization, 2021 [cited 13 August 2022]. Available from: 

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight 

 

9. Martín-Timón I, Sevillano-Collantes C, Segura-Galindo A, Del Cañizo-Gómez FJ. 

Type 2 diabetes and cardiovascular disease: have all risk factors the same strength? 

World Journal of Diabetes. 2014 Aug 15;5(4):444-70. doi: 10.4239/wjd.v5.i4.444. 

PMID: 25126392; PMCID: PMC4127581. 

10. Després JP. Body fat distribution and risk of cardiovascular disease: an update. 

Circulation. 2012;126(10):1301-13. doi: 10.1161/circulationaha.111.067264. PMID: 

22949540. 

 

11. Peer N, Lombard C, Steyn K, Levitt N. Waist-to-height ratio is a useful indicator of 

cardio-metabolic risk in South Africa. Family Practice. 2020 Feb 19;37(1):36-42. doi: 

10.1093/fampra/cmz044. PMID: 31504474. 

 

12. Shrestha R, Upadhyay SK, Khatri B, Bhattarai JR, Kayastha M, Upadhyay MP. BMI, 

waist to height ratio and waist circumference as a screening tool for hypertension in 

hospital outpatients: a cross-sectional, non-inferiority study. British Medical Journal 

Open. 2021 Nov 25;11(11):e050096. doi: 10.1136/bmjopen-2021-050096. PMID: 

34824112; PMCID: PMC8628118. 

 

13. Besigye IK, Okuuny V, Armstrong-Hough M, Katahoire AR, Sewankambo NK, Mash 

R, et al. Availability, functionality and access of blood pressure machines at the points 

of care in public primary care facilities in Tororo district, Uganda. South African 

Family Practice 2021; 63(1):e1-e6. doi: 10.4102/safp.v63i1.5118. PMID: 33567842; 

PMCID: PMC8294161. 

14. Elias MF, Goodell AL. Human errors in automated office blood pressure measurement: 

still room for improvement. Hypertension. 2021 Jan;77(1):6-15. doi: 

10.1161/hypertensionaha.120.16164. PMID: 33296246. 



59 
 

 

15. Mahmood S, Jalal Z, Hadi MA, Shah KU. Association between attendance at outpatient 

follow-up appointments and blood pressure control among patients with hypertension. 

BioMed Central Cardiovascular Disorders. 2020 Oct 21;20(1):458. doi: 

10.1186/s12872-020-01741-5. PMID: 33087065; PMCID: PMC7579965.  

 

16. The Society for Endocrinology, Metabolism and Diabetes of South Africa Type 2 

Diabetes Guidelines Expert Committee. The 2017 SEMDSA guideline for the 

management of type 2 diabetes guideline committee. Journal of Endocrinology, 

Metabolism and Diabetes of South Africa 2017; 21(1)(Supplement 1): S1-S196. (Last 

accessed on 23/02/2022) 

 

17. Browning LM, Hsieh SD, Ashwell M. A systematic review of waist-to-height ratio as 

a screening tool for the prediction of cardiovascular disease and diabetes: 0·5 could be 

a suitable global boundary value. Nutrition Research Reviews 2010; 23:247-69. 

 

18. Seedat YK, Rayner BL, Veriava Y. South African hypertension practice guideline 

2014. Cardiovascular Journal of Africa. 2014; 25(6):288-94. doi: 10.5830/CVJA-2014-

062. PMID: 25629715; PMCID: PMC4327181. 

 

19. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 

2012 clinical practice guideline for the evaluation and management of chronic kidney 

disease. Kidney International Supplements 2013; 3: 1–150 

 

20.  Goetjes E, Pavlova M, Hongoro C, Groot W. Socioeconomic inequalities and obesity 

in South Africa—a decomposition analysis. International Journal of Environmental 

Research and Public Health Public Health. 2021; 18: 9181. 

https://doi.org/10.3390/ijerph18179181 

 

21. Tauqeer Z, Gomez G, Stanford FC. Obesity in women: insights for the clinician. Journal 

of Women Health (Larchmt) 2018; 27:444–457.  

 



60 
 

22. Garawi F, Devries K, Thorogood N, Uauy R. Global differences between women and 

men in the prevalence of obesity: is there an association with gender inequality? 

European Journal of Clinical Nutrition. 2014;68(10):1101-6. doi: 

10.1038/ejcn.2014.86. PMID: 24918120. 

 

23. Bizuayehu T, Menjetta T, Mohammed M. Obesity among type 2 diabetes mellitus at 

Sidama Region, Southern Ethiopia. Public Library of Science One. 

2022;17(4):e0266716. doi: 10.1371/journal.pone.0266716. PMID: 35421153; PMCID: 

PMC9009681. 

 

24. Pheiffer C, Pillay-van Wyk V, Turawa E, Levitt N, Kengne AP, Bradshaw D. 

Prevalence of type 2 diabetes in South Africa: a systematic review and meta-analysis. 

International Journal of Environmental Research and Public Health. 2021 May 

30;18(11):5868. doi: 10.3390/ijerph18115868. PMID: 34070714; PMCID: 

PMC8199430. 

 

25. Chivese T, Werfalli MM, Magodoro I, Chinhoyi RL, Kengne AP, Norris SA, et al. 

Prevalence of type 2 diabetes mellitus in women of childbearing age in Africa during 

2000-2016: a systematic review and meta-analysis. British Medical Journal Open. 2019 

May 22;9(5):e024345. doi: 10.1136/bmjopen-2018-024345. PMID: 31122965; 

PMCID: PMC6538083. 

26. Committee on Family Caregiving for Older Adults; Board on Health Care Services; 

Health and Medicine Division; National Academies of Sciences, Engineering, and 

Medicine; Schulz R, Eden J, editors. Families caring for an aging America. 2016; 3. 

Family Caregiving Roles and Impacts. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK396398/ 

 

27. Emdin CA, Rahimi K, Neal B, Callender T, Perkovic V, Patel A. Blood pressure 

lowering in type 2 diabetes: a systematic review and meta-analysis. Journal of the 

American Medical Association. 2015;313(6):603-15. doi: 10.1001/jama.2014.18574. 

PMID: 25668264. 

 



61 
 

28. Prospective Studies Collaboration, Asia Pacific Cohort Studies Collaboration. Sex-

specific relevance of diabetes to occlusive vascular and other mortality: a collaborative 

meta-analysis of individual data from 980 793 adults from 68 prospective studies. 

Lancet Diabetes Endocrinology. 2018; 6(7):538–546. https://doi.org/10.1016/S2213-

8587(18)30079-2 

 

29. Kalyani RR, Lazo M, Ouyang P, Turkbey E, Chevalier K, Brancati F, et al. Sex 

differences in diabetes and risk of incident coronary artery disease in healthy young and 

middle-aged adults. Diabetes Care. 2014;37(3):830-8. doi: 10.2337/dc13-1755. PMID: 

24178997; PMCID: PMC3931379. 

 

30. Robinson E, Parretti H, Aveyard P. Visual identification of obesity by healthcare 

professionals: an experimental study of trainee and qualified GPs. British Journal of 

General Practice. 2014 Nov; 64(628):e703-8. doi: 10.3399/bjgp14X682285. PMID: 

25348994; PMCID: PMC4220236. 

 

31. American Diabetes Association Professional Practice Committee. Obesity and weight 

management for the prevention and treatment of type 2 diabetes: Standards of Medical 

Care in Diabetes—2022. Diabetes Care. 2022;45(Suppl. 1):S113–S124 

 

32. StatPearls [Internet]. Zierle-Ghosh A, Jan A. Physiology, Body Mass Index. [Updated 

2021 Jul 22]. Available from: https://www.ncbi.nlm.nih.gov/books/NBK535456/  

 

33. Moosaie F, Fatemi Abhari SM, Deravi N, Karimi Behnagh A, Esteghamati S, Dehghani 

Firouzabadi F, et al. Waist-To-Height ratio is a more accurate tool for predicting 

hypertension than waist-to-hip circumference and BMI in patients with type 2 diabetes: 

a prospective study. Front Public Health. 2021; 9:726288. doi: 

10.3389/fpubh.2021.726288. PMID: 34692623; PMCID: PMC8529190. 

 

34. Zeng Q, He Y, Dong S, Zhao X, Chen Z, Song Z, et al. Optimal cut-off values of BMI, 

waist circumference and waist: height ratio for defining obesity in Chinese adults. The 



62 
 

British Journal of Nutrition. 2014 Nov 28;112(10):1735-44. doi: 

10.1017/S0007114514002657. PMID: 25300318. 

 

35. Cai L, Liu A, Zhang Y, Wang P. Waist-to-height ratio and cardiovascular risk factors 

among Chinese adults in Beijing. Public Library of Science One. 2013 Jul 

12;8(7):e69298. doi: 10.1371/journal.pone.0069298. PMID: 23874938; PMCID: 

PMC3709905. 

 

36. Zhang Y, Gu Y, Wang N, Zhao Q, Ng N, Wang R, et al. Association between 

anthropometric indicators of obesity and cardiovascular risk factors among adults in 

Shanghai, China. BioMed Central Public Health. 2019;19(1):1035. doi: 

10.1186/s12889-019-7366-0. PMID: 31375086; PMCID: PMC6679475.  

 

37. Mabchour AE, Delisle H, Vilgrain C. Specific cut-off points for waist circumference 

and waist-to-height ratio as predictors of cardiometabolic risk in black subjects: a cross-

sectional study in Benin and Haiti. Diabetes, Metabolic Syndrome and Obesity. 2015; 

8: 513–523.  

 

38. Matsha TE, Kengne AP, Yako YY, Hon GM, Hassan MS, Erasmus RT. Optimal waist-

to-height ratio values for cardiometabolic risk screening in an ethnically diverse sample 

of South African urban and rural school boys and girls. Public Library of Science One. 

2013; 8: e71133. Link: https://bit.ly/3quRjBG 

 

39. Wang J. Waist circumference: a simple, inexpensive, and reliable tool that should be 

included as part of physical examinations in the doctor's office. The American Journal 

of Clinical Nutrition. 2003; 78: 902–903. doi.org/10.1093/ajcn/78.5.902 

 



63 
 

40. Schorr M, Dichtel LE, Gerweck AV, Valera RD, Torriani M, Miller KK, et al. Sex 

differences in body composition and association with cardiometabolic risk. Biology of 

Sex Differences. 2018; 9(1):28. doi: 10.1186/s13293-018-0189-3. PMID: 29950175; 

PMCID: PMC6022328. 

 

41. Motala AA, Esterhuizen T, Pirie FJ, Omar MA. The prevalence of metabolic syndrome 

and determination of the optimal waist circumference cutoff points in a rural South 

African community. Diabetes Care. 2011; 34(4):1032-7. doi: 10.2337/dc10-1921. 

PMID: 21330644; PMCID: PMC3064018. 

 

42. Crowther NJ, Norris SA. The current waist circumference cut point used for the 

diagnosis of metabolic syndrome in Sub-Saharan African women is not appropriate. 

Public Library of Science One. 2012;7(11):e48883. doi:  0.1371/journal.pone.0048883. 

PMID: 23145009; PMCID: PMC3493601. 

 

43. Kalk WJ, Joffe BI, Sumner AE. The waist circumference of risk in black South African 

men is lower than in men of European ancestry. Metabolic Syndrome and Related 

Disorders. 2011;9(6):491-5. doi: 10.1089/met.2011.0063. PMID: 21875336; PMCID: 

PMC3225062.  

 

44. Grunfeld C, Delaney JA, Wanke C, Currier JS, Scherzer R, Biggs ML, et al. Preclinical 

atherosclerosis due to HIV infection: carotid intima-medial thickness measurements 

from the FRAM study. Acquired Immune Deficiency Syndrome. 2009; 23(14):1841-9. 

doi: 10.1097/QAD.0b013e32832d3b85. PMID: 19455012; PMCID: PMC3156613. 

 

45. Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased acute myocardial infarction 

rates and cardiovascular risk factors among patients with Human Immunodeficiency 

Virus. Journal of Clinical Endocrinology and Metabolism. 2007;92(7):2506-12. doi: 



64 
 

10.1210/jc.2006-2190. PMID: 17456578; PMCID: PMC2763385. 

 

46. Kagaruki GB, Mayige MT, Ngadaya ES, Kimaro GD, Kalinga AK, Kilale AM, et al. 

Magnitude and risk factors of non-communicable diseases among people living with 

HIV in Tanzania: A cross sectional study from Mbeya and Dar es Salaam regions. 

BioMed Central Public Health. 2014;14(1):904. https://doi.org/10.1186/1471-2458-14-

904 

 

47. Dimala CA, Atashili J, Mbuagbaw JC, Wilfred A, Monekosso GL. Prevalence of 

hypertension in HIV/AIDS patients on highly active antiretroviral therapy (HAART) 

compared with HAART-naïve patients at the Limbe Regional Hospital, Cameroon. 

Public Library of Science One. 2016;11(2):e0148100. doi: 

10.1371/journal.pone.0148100. PMID: 26862763; PMCID: PMC4749660. 

 

 

 

 

 

 

 

 

 

 



65 
 

CHAPTER 4: CONCLUSION 

 

It is known that PLWD are more obese than general cohorts [1].  Obesity is a well-known 

preventable risk factor for HPT [2]. Despite this, LMICs face an increasing trend of people 

being obese or overweight [3]. In addition to identifying obesity, studies have shown that 

anthropometry has been used to predict HPT in general cohorts [4], however studies in DM 

cohorts are limited.  

 

This thesis by publication included two components addressing two primary aims: (1) a scoping 

review on the current evidence on this topic and (2) a cross-sectional study to describe the 

associations between HPT and anthropometric indices.  Our scoping review highlighted a 

positive association between HPT and anthropometry in most studies. Limited data was 

available comparing the different anthropometric indices. We found that additional studies are 

warranted to evaluate which anthropometric index would be better in PLWD. We addressed 

this gap in research in our cross-sectional study which could offer more insight in PLWD within 

the context of LMICs in SSA.  

 

Our research article found that all anthropometry was found to be significantly associated with 

HPT. Overall, WTHR had the highest odds for predicting HPT in PLWD (AOR 4.81 [95% CI 

2.05-11.31, p<0.001]). This finding was not found in any previous diabetic cohort in SSA. This 

study unique to its setting, included 146 PLWDHIV. Although HIV status did not play a 

significant role in the association of anthropometry and HPT, however more research can be 

done to explore this association.  

 

The number of people with T2DM is expected to increase faster (69% increase) in LMIC than 

in high-income countries (20%) by 2030 [5]. There is an added pressure on healthcare to 

provide effective healthcare strategies [6]. Considering this, an additional tool to identify a 

known cardiovascular risk factor like HPT, can be useful in LMICs. Although anthropometry 

may not replace a sphygmomanometer in any clinical setting, we found that it may help identify 

patients at high risk of developing HPT. In addition, the use of anthropometry can help detect 

patients that are overweight or obese for flag them for further monitoring. We advocate that 

future prospective studies investigate on local guidance on anthropometric thresholds in 

PLWD.  
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EXECUTIVE SUMMARY 

 

Diabetes Mellitus (DM) is a chronic, metabolic illness diagnosed by elevated levels of blood glucose. 

Globally about 422 million people have DM with the majority living in low-and middle-income 

countries (LMICs).  By 2030, the number of adults with type 2 diabetes (T2DM) is expected to increase 

faster in LMIC (69% increase) than in high-income countries (20%).  

 

It is known that T2DM is associated with increased cardiovascular morbidity and mortality. The 

challenge in LMICs is to establish effective and affordable interventions to prevent the development 

T2DM and its complications.  

 

Obesity is a well-documented risk factor for CVD, with increasing evidence to suggest visceral 

adiposity as a greater risk for CVD than body mass. Current evidence on anthropometric indices as a 

predictor for cardiovascular risk remain unclear in patients living with diabetes (PLWD). Most studies 

have described these indices in non-diabetic patients which is not amenable to the PLWD profile.  This 

scoping review, complemented by a retrospective study that will be conducted in a diabetes clinic in 

Pietermaritzburg, Kwa-Zulu Natal in South Africa, a LMIC and a place endemic to HIV and diabetes. 

The results of this study can help the government to implement cost-effective strategies to improve 

current diabetes care in patients in LMIC. 
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1. BACKGROUND AND LITERATURE REVIEW 

1.1 Defining the Clinical Problem 

Diabetes Mellitus (DM) is a chronic, metabolic illness diagnosed by elevated levels of blood glucose. 

Globally about 422 million people have DM with the majority living in low-and middle-income 

countries (LMICs). By 2030, the number of adults with type 2 diabetes (T2DM) is expected to increase 

faster in LMIC (69% increase) than in high-income countries (20%) 

It is known that T2DM is associated with increased cardiovascular morbidity and mortality. Obesity 

was shown to be an independent risk factor for dyslipidemia and cardiovascular diseases and weight 

loss is considered a key measure to the management of T2DM. Obesity is a well-documented risk factor 

for CVD, with increasing evidence to suggest visceral adiposity as a greater risk for CVD than body 

mass. Current evidence on anthropometric indices as a predictor for cardiovascular risk remain unclear 

in PLWD. Most studies have described these indices in non-diabetic patients which is not amenable to 

the PLWD profile.  

This scoping review, complemented by a retrospective study that will be conducted in a diabetes clinic 

in Pietermaritzburg, Kwa-Zulu Natal in South Africa, a LMIC and a place endemic to HIV and diabetes. 

The results of this study can help the government to implement cost-effective strategies to improve 

current diabetes care in patients in LMIC. 

 

1.2 The literature review  

 

Cardiovascular disease (CVD) is the leading cause of death worldwide. Patients with T2DM have a 

two- to four-fold increase in risk of incident coronary heart disease, ischemic stroke and mortality. HPT, 

DM, dyslipidaemia, obesity are well documented modifiable risk factors for CVD.   

 

Obesity is an independent risk factor for CVD. Patients with T2DM tend to be more obese and have 

more cardiovascular risk factors when compared with patients without T2DM. 

 

Fat accumulation can be described by four indices: waist circumference (WC), Body mass index (BMI), 

waist-to-height ratio (WTHR), and waist-to-hip ratio (WHPR). BMI is a commonly used index of 

weight-for-height that is commonly used to classify obesity in adults. Globally, studies have found that 

patients with excess visceral adiposity, irrespective of their BMI, had increased cardiovascular risk. In 



70 
 

LMICs, the relationship between BMI and CVD display vast heterogenicity as a result of genetic and 

biological factors.  Despite its limitations, BMI has been adopted as a simple tool to categorise patients 

into risk groups. 

Both DM and Human Immunodeficiency Virus (HIV) infection are independently associated with an 

increased risk of atherosclerosis. Whether HIV infection is associated with increased DM risk, relative 

to uninfected controls, has been debated. Among large cohort studies, some have found an association 

of HIV with a higher risk of DM while others have reported a similar or even lower risk  compared to 

those who are uninfected. It is proposed that the combined effects of chronic inflammation milleu 

caused by the HIV and the associated metabolic effects of antiretroviral (ART) can increase 

cardiovascular risk. 

 

When compared with BMI, studies have shown that WC is a more effective measure of body fat 

distribution. However, WC remain uncertain in certain populations.  In 2020, Xing et al described that 

WC was not a sufficient predictor of major cardiovascular adverse events in female T2DM patients as 

compared to male counterparts. Patients with T2DM tend to be more obese, hence research from non-

diabetic populations may not compare well in patients with T2DM.  

 

WTHR values of 0.5 or above may indicate increased cardiovascular disease risk across sub-

populations.   WTHR has been described to be cheaper, lacks the need for a scale and calibration with 

easier boundaries that may be used from consumer-friendly charts as compared to BMI.  

 

Obesity is a well-documented risk factor for CVD, with increasing evidence to suggest visceral 

adiposity as a greater risk for CVD than body mass. Current evidence on anthropometric indices as a 

predictor for cardiovascular risk remain unclear in PLWD. Most studies have described these indices 

in non-diabetic patients which is not amenable to the PLWD profile.  The scoping review will be 

complemented by a retrospective study that will be conducted in a diabetes clinic in Pietermaritzburg, 

Kwa-Zulu Natal in South Africa, a LMIC and a place endemic to HIV and diabetes. The results of this 

study can help the government to implement cost-effective strategies to improve current diabetes care 

in patients in LMIC. 

1.3 The Research Question (or hypothesis)  

 

The following question has been hypothesised: 



71 
 

• What is the association between waist circumference (WC), waist-to height ratio (WTHR), 

body mass index (BMI) and cardiovascular risk factors in patients living with diabetes mellitus 

(PLWD) in LMIC? 

• What is the association between WC, WTHR, BMI and cardiovascular risk factors in patients 

living with diabetes mellitus and HIV (PLWHD) IN LMIC? 

 

2. AIMS AND OBJECTIVES 

Aim:  

● To perform a scoping review of what is currently known on WC, WTHR, BMI as predictors of 

cardiovascular risk in PLWD in LMICs. 

● To identify any significant associations in PLWD between WC, WTHR, BMI and the following 

variables:   

o Glycaemic control (HbA1c and random blood glucose) 

o Dyslipidaemia (Total Cholesterol, Triglyceride, HDL and LDL- Cholesterol) 

o Blood pressure (mmHg) 

o HIV (Human Immunodeficiency) status 

o Demographics (Sex/Family History of Diabetes) 

o Type of DM (Type 1 and Type 2 DM) 

o Kidney function (Glomerular Filtration Rate-GFR) 

o Thyroid function (TSH) 

o Electrolytes (Calcium, Magnesium, Phosphate) 

o Social factors (diet adherence, exercise and home glucose monitoring) 

o Microvascular complications of DM (nephropathy, neuropathy, retinopathy) 

o Macrovascular complications of DM (Stroke, IHD, MI) 

● If any, to postulate why these associations occur.  

● To identify if these associations also occur in PLWHD. 

● To postulate if these associations are similar or different to results of studies conducted in other 

parts of the world in comparison to LMICs. 

 

Objectives:  

To achieve the above aims, the following steps will be followed:   

● Conduct a scoping review of relevant literature using electronic search engines of what is 

currently known on the association between WC, WTHR and BMI and cardiovascular risk in 

PLWD. 
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● Capture clinical and biochemical variables from the Harry Gwala Regional Hospital diabetes 

datasheet for all patients consulted between 1 January 2019 to 31 December 2019. 

● Use this data to describe any associations that may exist between WC, WTHR, BMI and these 

variables. 

o Mean HbA1c (%) 

o Mean Random Blood Glucose (mmol/l) 

o HIV status (positive or negative) 

o CD4 count (cells/mm3) 

o Duration of HIV diagnosis (years) 

o Duration of antiretrovirals (ARVs) in years 

o Names of ARVs  

o Family History of Diabetes Mellitus 

▪ Maternal 

▪ Paternal 

▪ Grandmother 

▪ Grandfather 

▪ Brother 

▪ Sister 

o Sex (male/female) 

o BMI (mass/height2) 

o Type of DM (Type 1 or Type 2) 

o Duration of DM (years) 

o Mean Total Cholesterol (mmol/l) 

o Mean Triglyceride (mmol/l) 

o Mean HDL (mmol/l) 

o Mean LDL (mmol/l) 

o Mean systolic blood pressure (mmHg) 

o Mean systolic diastolic blood pressure (mmHg) 

o GFR (ml/minute/1.73m2) 

o Creatinine (mmol/L) 

o Urine dipstick 

o TSH (mIU/L) 

o Calcium (mmol/L) 

o Magnesium (mmol/L) 

o Phosphate (mmol/L) 

o Diet control (yes or no) 
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o Exercise (yes or no)  

o Home Glucose Monitoring (yes or no)  

o Sensory-neuro examination (intact or not) 

o Glaucoma (yes or no) 

o Cataract (yes or no) 

o Non-proliferative retinopathy (yes or no) 

o Proliferative retinopathy (yes or no) 

o Cerebral Vascular Event (yes or no) 

o Ischemic Heart Disease (yes or no) 

o Myocardial Infarction (yes or no) 

 

3. METHODS 

 

3.1 PART 1: SCOPING REVIEW  

3.1.1 Study Design 

A scoping review of literature using a systematic approach outlined by Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) will be conducted.   

3.1.2.  Search strategy  

The search will be conducted using the following databases: PubMed, Scopus and Cochrane. Keywords 

used in the search included waist circumference, waist-to-height ratio, body mass index, diabetes, 

cardiovascular risk, and low-middle-income countries. 

Table 1: PubMed Search String 

Waist circumference OR waist length OR waist-to-height ratio OR body mass index OR obesity OR 

overweight OR WC OR BMI OR WTHR  

Diabetes OR Diabetes Mellitus OR Insulin-dependent diabetes mellitus OR non-insulin-dependent 

diabetes mellitus OR NIDDM OR IDDM OR Type 2 diabetes mellitus OR Type 1 diabetes mellitus 

OR DM OR HIV-infected and diabetes OR HIV-positive and diabetes 

In adults 
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Cardiovascular risk OR cardiovascular risk factors OR smoking OR smoker OR non-smoker OR 

Hypertension OR high blood pressure OR systolic hypertension OR diastolic hypertension OR 

dyslipidaemia OR increased lipids OR hyperlipidaemia  

Low-middle income countries OR LMIC OR low-income country OR middle-income country  

 

3.1.3. Study selection and inclusion criteria 

 

Studies will be included in the review if they: (1) reported on PLWD (2) and in adults; (3) and 

relationship between BMI, WC or WTHR; (4) and cardiovascular risk; (5) and reported in observational 

and experimental methods with primary data within randomised controlled trials (RCTs), cross-

sectional or cohort (prospective and retrospective) designs; (6) in countries that will be defined as lower 

middle-income economies are those with a Gross National Income (GNI) per capita between $1,036 

and $4,045 as listed by The World Bank in 2021.  

 

Eligible studies will include only published journal articles. We excluded articles that did not meet all 

six criteria from the review. Studies that reported on pregnant and breastfeeding women, children 

younger than ten years old were excluded from the review.  

3.1.4. Data collection and extraction  

All references captured by each search engine will be uploaded to Zotero and duplicates will be 

identified and removed.  The eligibility of the articles will be assessed by the primary reviewer in two 

steps, the first step included all titles and abstracts relevant to the research question. In the second step, 

relevant full texts will read to assess their eligibility for the review. The primary reviewer will extract 

all data from all eligible articles by using a standard data collection tool which including the following: 

author name, year of publication, country, region, study type, sex, participant’s characteristics, type of 

diabetes, associations between cardiovascular risk and WC, WHTR and BMI.  

 

The secondary reviewer will review all the extractions. Finally, the next steps include recording the data 

appropriately using a table on Microsoft Word, summarizing and reporting of results. The results were 

reported using the PRISMA guidelines for scoping reviews.  
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3.2 PART 2: RETROSPECTIVE STUDY 

 

3.2.1 Study design 

A retrospective, quantitative, observational, analytical cohort study will be performed.  

3.2.2 Setting 

This study will be conducted at the diabetes clinic at Harry Gwala Regional Hospital (HGR) which is a 

regional hospital based in Pietermaritzburg, Kwa-Zulu Natal (KZN).   

3.2.3 Participant selection and sampling strategy 

Inclusion criteria 

● Data for all patients 18 years or older who attended the diabetes clinic at HGR between 1 

January 2019 to 31 December 2019 will be used in the study. 

Exclusion criteria 

● Patients under 18 years of age 

● Incomplete or missing information on datasheets. 

The HGR diabetes clinic uses a comprehensive diabetes datasheet for all patients consulted in this clinic. 

This datasheet has been approved by the University of KwaZulu-Natal Biomedical Ethics and Research 

Committee BREC – BCA Number 194/15. The data will be accessed from this datasheet and captured 

on an excel document.  

3.2.4 Measurements 

All data will be captured from the Harry Gwala Regional diabetes datasheet. Any datasheets with 

missing information will be omitted from the analysis.  

3.2.5. Data Collection and statistical analysis 

The data will be collected and inserted into an excel datasheet by using patients’ identifiers to maintain 

confidentiality.  Continuous variables will be documented as mean values ± standard deviations (SD). 

Numbers (n) and percentages (%) will be expressed for categorical variables. Numerical data will be 

compared using Anova, whilst categorical data relationships will be determined using either Chi-square 

or Fisher’s Exact tests. A p-value < 0.05 will be used as indicator of significance. Data will be analysed 
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by Statistical Package for Social Science (SPSS) version 25 for windows (SPSS Inc., Chicago, IL, 

USA).  

When analysing data, the following parameters to assess good cardiovascular risk will be used:  

Dyslipidaemia  

• Total cholesterol <4.5mmol/l 

• Low density lipoprotein (LDL) cholesterol <1.8 mmol/l 

• High density lipoprotein (HDL) cholesterol > 1 mmol/l (men) and >1.2 mmol/l (women) 

• Triglycerides <1.7 mmol/l 

Smoking 

• Non-smoker  

Obesity  

• Waist circumference (WC) <94cm (men); <80cm (women) 

• Body mass index (BMI) <25kg/m2 

• Waist-height ratio (WTHR) <0.5  

Hypertension 

• Systolic blood pressure < 140mmHg 

• Diastolic blood pressure <90mmHg 

 Thereafter, within each group, the HIV status will be investigated to determine if there is a statistically 

significant relationship between HIV status (positive or negative) on WC, WHR, BMI and 

cardiovascular risk.  

3.2.6 Sample size, statistical power and variable selection 

Data of all patients who meet inclusion criteria will be captured for the study time period 1 January 

2019 till 31 December 2019. 
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 4.  ETHICAL CONSIDERATIONS 

This study will follow all ethical standards of research without direct contact with human or animal 

subjects. 

4.1 Community participation  

Gatekeeper permission will be required from HGR and the Department of Health to use data from their 

diabetes clinic (see below for Gatekeeper permission) 

4.2 Social Value  

Anthropometry is a cheap cost-effective method to predict cardiovascular risk and is a sustainable tool 

to be used in low-middle income countries. A local study can contribute to the existing knowledge of 

cardiovascular risk in diabetes in a South African context which can help improve local policies and 

diabetes care programmes.  

4.3 Scientific validity  

The datasheets will be analysed, and it will be subjected to statistical analysis aligned to the aims of the 

study. 

4.4 Fair selection of participants  

All patients who meet the inclusion criteria will be included in the study.  

4.5. Risk/benefit balance  

Biologically, there will be no risk of harm to any patients that will result from this study.  

Psychologically, no intimidation, anxiety or fear will be experienced by patients as this is a retrospective 

study.  

Socially, patient identifiers will be used when capturing data thereby maintaining confidentiality of 

patients’ details.  

4.6 Independent ethic review 

Ethics approval will be obtained from BREC prior to conducting the study.  

4.7 Informed consent 

No informed consent will be required as the data required will be retrospective and taken from 

datasheets 
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4.8 Ongoing respect for participants 

Data will be processed without using the patients’ name or details which can identify them to protect 

their confidentiality. 

5. METHODOLOGICAL CHALLENGES AND STUDY LIMITATIONS  

Electronic search engines for scoping review: the scoping review will be limited to three search engines, 

however PubMed containing the most significant number of medical journals. Missing data or 

information from journals will be excluded from the review. 

Managing missing data from datasheets: Not all sheets will have all data filled in. Due to this, those 

which are incompletely filled will be excluded from the study.  

Adequate sample size: The study will use the datasheet, approved by BREC, which is used for all 

patients who attended the HGR diabetes clinic. It will sample a 12-month period which should offer an 

adequate representation and sample size of the population.  

Retrospective study: findings are associations, not causation, however, will still be relevant in this 

setting. 

6. FEASIBILITY 

6.1. Time lines and project management 

Tasks Time period 

Topic and literature review 08 June 2021 – 18 June 2021 

Protocol  18 June 2021-25 July 2021 

Scoping review  26 June- 20 July 2021 

BREC approval 25 July – 25 August 2021 

Permission from HGR 15 August – 15 September 2021 

Data capturing 21 September -28 October 2021 

Statistical analysis 28 November– 15 December 2021 

Results and Discussion 15 – 30 December 2021 
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6.2. Study team, contributors and authorship.  

Name Department Contribution Author  

acknowledgement 

KD Konar 2nd year Intern, 

Mahatma Gandhi 

Memorial Hospital, 

KZN 

Literature Review and 

Protocol  

BREC approval 

Permission from HGR 

Results and Discussion 

Author 

Professor S Pillay Department of Internal 

Medicine at King 

Edward Hospital 

(KEH), Clinical 

Lecturer NRM SCM 

UKZN 

Literature Review and 

Protocol 

BREC approval 

Permission from HGR 

Results and Discussion 

Supervisor   

6.3. Participating Centres 

Diabetes clinic, HGR  

 

6.4. Study Funding and Progress 

ITEM DESCRIPTION COST 

Registration fee R4000 

Data capturer R5000 

Statistician  R5000 

Stationery (pens, paper, printing costs) R200 

Transport costs  R500 

Publication costs if published R10 000 

TOTAL COST R24700 
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7. STUDY SIGNIFICANCE 

Cardiovascular disease is a significant contributor to morbidity and mortality in PLWD, obesity being 

a major risk factor. Anthrometric are a cheap tool to predict cardiovascular risk, however many studies 

internationally focus on traditional risk factors in non-diabetic patients, with limited studies in PLWD 

and especially in LMICs. Furthermore, there is a gap in research addressing cardiovascular risk factors 

in HIV-infected PLWD. This study will offer insight into glycaemic control and aid in the prediction 

of cardiovascular disease in these patients.  This will contribute meaningfully to cost-effective strategies 

that could be used in diabetes care interventions locally and internationally.  
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APPENDIX 2: DATASHEET 

  










