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Abstract 
 

Background 
Patients with type 2 diabetes have a high risk of cardiovascular disease (CVD). Central 

obesity has been particularly associated with this risk relationship. We aimed to evaluate 

waist to height ratio (WHtR) as a predictor of risk in such patients. 

Methods 
WHtR was evaluated as a predictor for the risk of CVD and mortality amongst 11 125 

participants with type 2 diabetes in the ADVANCE and ADVANCE-ON studies, and 

compared with body mass index (BMI), waist circumference and waist hip ratio (WHR). The 

primary outcome was a composite of death from CVD, nonfatal myocardial infarction or 

nonfatal stroke. Secondary outcomes were myocardial infarction, stroke, cardiovascular death 

and death from any cause. Cox models were used, with bootstrapping to compare 

associations between anthropometric measures for the primary outcome.  

Results 
Median follow-up time was 9.0 years. There was a positive association between WHtR and 

adverse outcomes. The hazard ratio (HR) (confidence interval), per SD higher WHtR, was 

1.16 (1.11 – 1.22) for the primary endpoint, with no heterogeneity by sex or region, but a 

stronger effect in people aged 66 years or older. The other three anthropometric 

measurements showed similar associations, although there was evidence that WHtR 

marginally outperformed BMI and WHR. Based on commonly used BMI cut points the 

equivalent WHtR cut points were estimated to be 0.55 and 0.6, with no evidence of a 

difference across subgroups. 
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Conclusions 
In patients with diabetes, WHtR is a useful indicator of future adverse risk, with similar 

effects in different population subgroups.  
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Introduction 
Overweight and obesity are strongly associated with cardiovascular disease and type 2 

diabetes (1-5). Several different anthropometrical measurements are used in the clinical 

setting to predict disease risk in relation to overweight and obesity. Body mass index (BMI) 

is well known and frequently used both in clinical practice and in the health and fitness 

industry. However, BMI is a measure of general adiposity which does not distinguish 

between visceral and central obesity. Although use of the same risk BMI cut points are 

recommended for all populations, different cut offs depending on ethnicity have also been 

suggested (1, 6-9). Waist circumference (WC) does measure central obesity, but the cut offs 

suggested for its clinical evaluation differ by sex and region (7). Waist to height ratio (WHtR) 

was suggested in the mid-1990s as an alternative anthropometric measurement (10) that may 

improve on WC because it takes body size into account (10, 11). It has been suggested that 

WHtR values of 0.5 or above may be used consistently to indicate increased cardiovascular 

disease risk across sub-populations defined by ethnicity, age and sex (12-15), as well as in 

children and adolescents (11, 16). An additional cut-point value of 0.6 has previously been 

suggested to predict substantial disease risk (10, 17), but this has not gained widespread use.  

Type 2 diabetes is a major risk factor for cardiovascular disease and preventive measures, 

both lifestyle and pharmacological, are essential to prevent complications (18). To assess 

disease risk a combination of parameters is addressed, including blood pressure, blood lipids 

and glycaemic control, all of which are causally related to overweight and obesity (19-21).  
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The aims of this study were to compare the strength and utility of WHtR with other 

anthropometric measures in terms of disease risk, and to consider the most appropriate cut 

point(s) for its use in patients with type 2 diabetes at high risk of cardiovascular disease, in a 

large international study with high-quality data: the Action in Diabetes and Vascular Disease: 

Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE) factorial trial 

and, in its post-trial follow-up, the ADVANCE-Observational Study (ADVANCE-ON).  

Methods 
Study design, characteristics of participants, and the main results of the ADVANCE trial and 

ADVANCE-ON study have previously been published (22, 23). In brief, participants from 20 

countries, 55 years or older at high risk of a cardiovascular event were randomly assigned to 

an intensive glucose-control regimen, aiming for an HbA1c-value d6.5 %, or to standard 

glucose control, with targets based on local guidelines. Participants were also randomly 

assigned to a fixed-dose combination of perindopril (4 mg) and indapamide (1.25 mg) or 

matching placebo (24). 8494 surviving participants were enrolled in ADVANCE-ON (23). 

Overall, the median follow-up time in ADVANCE plus ADVANCE-ON was 9.0 years.  

Anthropometric measurements 
Besides WHtR, three other anthropometric measures were assessed as predictors of 

cardiovascular disease: body mass index (BMI), waist circumference (WC) and waist hip 

ratio (WHR). BMI was calculated as weight (kg) divided by the square of height (m), WHR 

was calculated as WC (cm) divided by hip circumference (cm) and WHtR was calculated as 

WC (cm) divided by height (cm).  
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Major outcomes 
The primary outcome was CVD, defined in ADVANCE as a major macrovascular event 

which is a composite endpoint of death from cardiovascular causes, nonfatal myocardial 

infarction or nonfatal stroke. Secondary outcomes were fatal or nonfatal myocardial 

infarction, fatal or nonfatal stroke, cardiovascular death and death from any cause.  

Statistical methods 
Categorical variables were summarized as the number of patients with corresponding 

percentage. Continuous variables were summarized as mean (SD) or, for those with a skewed 

distribution (25), median (interquartile range). WHtR values corresponding to BMI cut points 

defined by WHO (18.5, 25, 30, 35 and 40 kg/m2) (26) were estimated using linear regression 

analyses. The same approach was used to estimate WHtR values corresponding to sex and 

region specific WC cut points (7) (Asian men – 90 and 102 cm, non-Asian men – 94 and 102 

cm and women – 80 and 88 cm). Participants classified as Asian were of Asian domicile. The 

linearity of associations of each anthropometric variable with each outcome, on the log scale, 

were tested by fitting, and comparing, ordinal and categorical Cox proportional hazard 

regression models (27). To describe the association of the different anthropometric 

measurements with the primary outcome, and any other outcome that showed evidence of 

non-linearity, restricted cubic splines were used in Cox regressions with pre-specified 

adjustment for age, sex, current cigarette smoking, region (Asian/not), randomised blood 

pressure-lowering intervention and randomised glucose control intervention. Further adjusted 

Cox models were then fitted for each anthropometric variable – outcome relationship that 

was approximately linear on the log scale, for a one standard deviation (across all subjects) 

increase, and for non-linear relationships after dividing the anthropometric variable into its 
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constituent quarters. The proportional hazards assumption was explored through Schoenfeld 

residuals, showing results from associated tests. Bootstrapping (with 1000 repetitions) was 

then used to estimate the ratio of hazard ratios (and 95% confidence intervals) comparing 

pairs of anthropometric variables in relation to the primary outcome (27). Finally, participants 

were categorised into three groups according to WHtR cut points derived from the regression 

analyses against BMI done earlier (corresponding WHtR values of BMI cut points for normal 

weight, overweight and obesity), and adjusted Cox models fitted for all outcomes. Sensitivity 

analyses with additional adjustment of age at completion of highest level of formal education 

as well as history of macrovascular disease and duration of diabetes were also carried out. 

 

Results 
 

Of the 11 140 participants in ADVANCE, 15 who lacked baseline anthropometric 

measurements were excluded, so that data from 11 125 (42% female and 37% Asian) 

participants were used in these analyses (Table 1).  

Compared to women, men had more prior macrovascular disease than women at baseline, 

and were more frequently smokers. Women were more frequently treated with 

antihypertensive medications than men, but less frequently with statins. Men were heavier 

than women and had a greater median WHR as well as WC. Women, however, had a greater 

BMI and WHtR than men.  

Asian participants were younger than non-Asians at the diagnosis of diabetes, had more 

commonly had a previous stroke and were less often treated with antihypertensives or statins 
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than non-Asian participants. Asians weighed less than non-Asians, had a smaller WC, a lower 

BMI and a lower WHtR than non-Asians (Supplementary Table 1). Participants below and 

above median age were approximately the same weight, but the median WHtR was greater in 

participants younger than 66 years.   

Figure 1 and Supplementary Table 2a shows the estimated equivalent WHtR cut points to the 

recommended BMI cut points according to region. These cut points were consistent across 

subpopulations with values of 0.47 and 0.48 for Asian and non-Asian domicile corresponding 

to BMI 18.5 kg/m2; 0.55 and 0.56 corresponding to a BMI of 25 kg/m2; and 0.62 in both 

cases corresponding to a BMI of 30 kg/m2. Thus cut-points for WHtR of approximately 0.55 

and 0.6 would associate with the standard BMI cut-points of 25 and 30 kg/m2. Observed 

WHtR values were less consistent when compared to standard WC cut offs, with lower 

corresponding WHtR cut points in Asian and Non-Asian women compared to Asian and 

Non-Asian men (Supplementary Figure 1; Supplementary Table 2b).  

Primary outcome – major macrovascular event 
During follow-up, 2162 (19%) had a major macrovascular event. Figure 2 shows spline 

curves for the association of the primary outcome with all the anthropometric measurements 

tested, revealing approximately log-linear associations for all, but with a steeper slope for 

WHtR and WC. There was no evidence of non-linearity for any of the anthropometric 

variables (Supplementary Table 3). For the WHtR association there was a shallow slope 

between 0.5 and 0.55 but a steeper slope between 0.55 and 0.6, suggesting that 0.55 might be 

a more appropriate cut-point for WHtR in these diabetes data than the value of 0.5 suggested 

in the literature. This is in agreement with the findings of Figure 1. There was some evidence 
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of non-proportional hazards for BMI , which suggests that estimates for this variable should 

be viewed as averages over follow-up time (Supplementary Table 4; Supplementary Figure 

2). 

WHtR was equal to, and better than BMI and waist hip ratio across the entire range of values 

for these variables (Figure 3). The hazard ratio (HR) (confidence interval [CI]) for a major 

macrovascular event for a one standard deviation (SD) higher WHtR was 1.16 (1.11– 1.22). 

For BMI, WHR and WC the corresponding HR (CI) was 1.09 (1.04 – 1.14), 1.09 (1.04 – 

1.15) and 1.15 (1.09 – 1.21) respectively. Additional adjustments for education, history of 

macrovascular disease and duration of diabetes did not change the results (Supplementary 

Table 5). When the anthropometric measurements were compared by bootstrapping, WHtR 

and WC were significantly better than BMI and WHR, but there was no significant difference 

between WHtR and WC (Supplementary Figure 3). There was no interaction by age, sex or 

region for the association between WHtR and the primary outcome (Supplementary Table 6). 

 

Table 2 shows results for the primary outcome with participants divided into three categories 

depending on the WHtR cut points found from Figure 1. Relative to WHtR <0.55, the HR 

(CI) for a WHtR of 0.55-<0.6 was 1.27 (CI 1.13-1.42) and for a WHtR of e0.6, was 1.44 (CI 

1.29-1.61); p-value for trend <0.0001. There was no interaction between subgroups defined 

by sex and region, but there was a significantly greater effect of increasing WHtR in older, 

compared to younger, people.  
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Secondary outcomes 
During follow-up, 721 (7%) participants had a myocardial infarction, 966 (9%) had a stroke, 

987 (9%) died from cardiovascular causes and 2261 (20%) died from any cause. For all these 

secondary outcomes, except all-cause mortality (Supplementary Table 3; Supplementary 

Figure 4; Supplementary Table 7), there was no evidence of non-linearity. There was no 

evidence of non-proportionality of hazards, except for WC related to MI (Supplementary 

Table 4; Supplementary Figure 2). WHtR was positively associated with all secondary 

outcomes (Figure 3; Supplementary Table 4). Additional adjustments for education, history 

of macrovascular disease and duration of diabetes did not change the results (Supplementary 

Table 5). Compared to a WHtR of <0.55, participants with a WHtR of e0.6, but not 0.55-

<0.6, were at a significantly increased risk of myocardial infarction and stroke 

(Supplementary Table 8). The risk of cardiovascular death and all-cause death were 

significantly increased for both the other WHtR categories compared to the reference. WHtR 

was also associated with all secondary outcomes across subgroups, except stroke 

(Supplementary Table 6). 

Discussion 
This study showed that WHtR was as effective as waist circumference and better than BMI 

and waist to hip ratio for CVD risk prediction in our study population with diabetes. A WHtR 

of 0.48 to 0.74 corresponded to a BMI of 18.5 to 40 m/kg2 and the association between 

WHtR and risk of a major macrovascular event was linear, with no suggestion of a J-shaped 

curve. WHtR was consistent across age, sex and region. We were not able to show clear 

evidence of the worth of the suggested cut point for WHtR of 0.5 (12, 13) for increased risk 

of cardiovascular disease in this cohort of patients with type 2 diabetes; indeed, our analyses 
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suggest that a value of 0.55 might be more appropriate. There was an increased risk for a 

major cardiovascular event, cardiovascular death and death from any cause in those with a 

WHtR of e0.55 compared to a WHtR <0.55, but not for myocardial infarction and stroke. A 

WHtR of e0.6 was associated to increased cardiovascular disease risk for all subgroups 

except for stroke in participants aged 66 years or above. 

 

WHtR has previously been found to align well across different age groups, genders and 

ethnicities (13, 28, 29), which is in alignment with our findings. A meta-analysis of elderly 

persons showed that WHtR was a better predictor for cardiovascular risk in younger elderly 

persons compared to older elderly persons (15). In ADVANCE-ON, participants had a 

median age of 66 and the 90th percentile was 74 years, thus there were few older elderly 

participants, and we were therefore unable to assess the cardiovascular risk for elderly type 2 

diabetes patients. In general, patients with type 2 diabetes, and hence all participants in 

ADVANCE-ON were at higher risk for a cardiovascular event compared to the general 

population.  

 

To date, there is limited evidence of the utility of WHtR to assess the risk of CVD in patients 

with type 2 diabetes. In the general population, WHtR has been found to better predict CVD 

compared to WC (13, 30) and BMI (13, 31), where BMI has been repeatedly shown to 

preform worse than WHtR and WC (13, 31-33). A suitable WHtR cut point for increased 

cardiometabolic risk in the general population approximates 0.5 in several previous studies 
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(12, 28, 31, 34).  In a study of Han and Uygur Chinese people with diabetes, the suggested 

cut point for increased cardio-metabolic risk was 0.6 for men and women in both ethnic 

groups (35). In a subsample of Australian indigenous study participants with diabetes, an 

optimal cut point for cardiometabolic risk was suggested to be 0.6 as well (36). Both these 

studies in patients with diabetes align well with our findings. 

 

WC is widely used and recommended for clinical practice (37). We could not show that 

WHtR was superior to WC in prediction of cardiovascular risk. WC is simpler than WHtR 

and requires only a tape measure and no calculations. However, for WC different suggested 

cut points have to be taken into account for different sexes, regions and ages, whereas 

pertinent cut points for WHtR appear to remain consistent across these subgroups for all 

outcomes tested here.  

 

In terms of stroke, the association between WHtR and stroke in patients with type 2 diabetes 

needs further study and could possibly be related to other risk factors, such as blood pressure 

and could vary with different stroke subtypes (38).  

 

The strengths of this study were the multi-ethnical study population, with patients with type 2 

diabetes participating from 20 countries, the size of the study population, as well as the 

follow-up time of over 9 years. Limitations were that the sample consisted of a trial study 

population which may not be representative of the general population; the study was limited 
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to patients with type 2 diabetes; and the ADVANCE protocol excluded patients aged less 

than 55 years whilst the most elderly patients, aged 80 years or more, were poorly 

represented in our study population. This paper takes no account of mediating factors in the 

causal pathway between anthropometry and outcomes, which would be an excellent topic for 

a future research. 

 

Conclusion 
Waist to height ratio is at least as effective as waist circumference, and preforms better than 

BMI and waist to hip ratio as a cardiovascular risk predictor in patients with type 2 diabetes 

at high risk of cardiovascular complications. Our findings are consistent across age, sex and 

region. WHtR is simple and easy to use, and has the advantage of the same suggested cut 

point across age, sex and region. For patients with type 2 diabetes the unofficial cut point of 

0.5, which has been suggested by some to be appropriate in general populations, may be too 

low to predict cardiovascular complications. There is some evidence to support a cut point of 

0.55 or 0.6 but this needs further evaluation. 
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Figure legends  
Figure 1. Scatter plot and fitted regression line relating waist to height ratio to body 
mass index in ADVANCE, by region. 

Established BMI cut points are 18.5 – normal weight, 25 – overweight, 30 – obesity class 1, 
35 – obesity class 2 and 40 – obesity class 3. Corresponding waist to height ratio are: 0.47, 
0.55, 0.62, 0.68 and 0.74 (Asia) and; 0.48, 0.56, 0.62, 0.67 and 0.73 (Non-Asia), respectively. 

 

 

Figure 2. Hazard ratios for the association between anthropometric measurements 
(body mass index, waist hip ratio, waist circumference and waist to height ratio) and 
major macrovascular event according to obesity indices. 

The circles represent the points at which knots were placed (5, 25, 50, 75, 95 percentiles). 
Shaded areas represent the 95% confidence intervals. Models were adjusted for age, sex, 
current smoking habit, Asian region, randomised blood pressure-lowering intervention and 
randomised glucose control intervention. Values were trimmed at less than 1st percentile and 
greater than 99th percentile of each obesity index. 

 

 

Figure 3.  Hazard ratios and 95% confidence intervals per one standard deviation 
higher body mass index, waist hip ratio, waist circumference and waist to height ratio, 
respectively. 

Models adjusted for age, sex, current smoking habit, Asian region, randomised blood 
pressure-lowering intervention, and randomised glucose control intervention. 

Myocardial infarction: fatal or nonfatal myocardial infarction. Stroke: fatal or nonfatal stroke. 

Note that all-cause mortality is omitted from this figure beacause its relationship is non-
linear. Supplementary Table 7 shows results for all-cause mortality by quarters of each 
anthropometric variable. 
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Figure 3. Hazard ratios and 95% confidence intervals for primary and secondary outcomes per one standard deviation higher body mass index, 
waist hip ratio, waist circumference and waist to height ratio, respectively. 
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Table 1.  Baseline characteristics for 11125 patients with anthropometric measures from the ADVANCE trial: overall and according to sex. 

 

 Total 
n= 11125 

Men 
n= 6397 

Women 
n= 4728 

Age, yr mean (SD)  66 (6) 66 (6) 66 (6) 
Age when diabetes first diagnosed, yr — mean (SD) 58 (9) 58 (9) 58 (9) 
Duration of diabetes, yr – mean (SD) 7.9 (6.4) 8.0 (6.5) 7.9 (6.2) 
Age at completion of highest education, yr – median 
(Q1;Q3) 

18 (7) 19 (7) 17 (7) 

 
Anthropometric measures 

   

weight - median (Q1;Q3)  76 (66; 88) 81 (71; 92) 70 (61; 81) 
WC, cm - Median (Q1;Q3)  98 (90; 106) 100 (92; 108) 95 (86; 103) 
BMI, - median (Q1;Q3)  28 (25; 31) 27 (25; 30) 28 (25; 32) 
WHR – median (Q1;Q3)  0.9 (0.9; 1.0) 1.0 (0.9; 1.0) 0.9 (0.8; 0.9) 
WHtR - median (Q1;Q3)  0.59 (0.54; 0.64) 0.58 (0.54; 0.63) 0.60 (0.55; 0.65) 
 
Previous vascular disease 

   

History of major macrovascular disease — no. /total no. 
(%) 

3583/ 11125 (32) 2369/ 6397 (37) 1214/ 4728 (26) 

Myocardial infarction — no. /total no. (%) 1329/ 11125 (12) 1005/ 6397 (16) 324/ 4728 (7) 
Stroke — no. /total no. (%) 1021/ 11125 (9) 617/ 6397 (10) 404/ 4728 (9) 
 
Blood-glucose control 

   

HbA1c level, % - median (Q1;Q3) 7.2 (6.5; 8.2) 7.2 (6.5; 8.1) 7.3 (6.5; 8.4) 
Fasting blood glucose, mmol/liter – median (Q1;Q3)  7.9 (6.6; 9.7) 7.9 (6.6; 9.6) 8.0 (6.6; 9.9) 
 
Other major risk factors 

   

Systolic blood pressure – mean (SD) 145 (22) 145 (21) 145 (22) 
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Diastolic blood pressure – mean (SD) 81 (11) 81 (11) 80 (11) 
Serum cholesterol, mmol/liter – median (Q1;Q3) 5.1 (4.4; 5.9) 4.8 (4.2; 5.6) 5.5 (4.7; 6.3) 
Low-density lipoprotein –  median (Q1;Q3) 3.0 (2.4; 3.7) 2.8 (2.3; 3.5) 3.2 (2.6; 4.0) 
High-density lipoprotein –  median (Q1;Q3) 1.2 (1.0; 1.4) 1.1 (1.0; 1.4) 1.3 (1.1; 1.5) 
Current smoking - no./total no. (%) 1549/ 11125 (14) 1115/ 6397 (17) 434/ 4728 (9) 
 
Treatment at baseline 

   

On antihypertensive treatment - no./ total no. (%) 7645/ 11125 (69) 4198/ 6397 (66) 3447/ 4728 (73) 
Statin - no./ total no. (%) 3142/ 11125 (28) 2011/ 6397 (31) 1131/ 4728 (24) 
Other lipid-modifying drug - no./ total no. (%) 933/ 11125 (8) 513/ 6397 (8) 420/ 4728 (9) 
Aspirin - no./ total no. (%) 4889/ 11125 (44) 3056/ 6397 (48) 1833/ 4728 (39) 
Other antiplatelet agent - no./ total no. (%) 504/ 11125 (5) 328/ 6397 (5) 176/ 4728 (4) 
Oral anticoagulants - no./ total no. (%) 408/ 11125 (4) 255/ 6397 (4) 153/ 4728 (3) 
Number of glucose lowering agents - median (Q1:Q3) 1.0 (1.0; 2.0) 1.0 (1.0; 2.0) 1.0 (1.0; 2.0) 

Gliclazide (modified release) - no./ total no. (%) 865/ 11125 (8) 468/ 6397 (7) 397/ 4728 (8) 
Other sulfonurea - no./ total no. (%) 7078/ 11124 (64) 4138/ 6397 (65) 2940/ 4727 (62) 
Metformin - no./ total no. (%) 6747/ 11125 (61) 3847/ 6397 (60) 2900/ 4728 (61) 
Thiazolidinedione - no./ total no. (%) 405/ 11125 (4) 265/ 6397 (4) 140/ 4728 (3) 
Insulin - no./ total no. (%) 159/ 11125 (1) 66/ 6397 (1) 93/ 4728 (2) 

Data are n (%) for categorical variables, mean (SD) for normally distributed continuous variables or median (Q1:Q3) for non-normally distributed continuous 
variables. Distribution was checked by use of the Anderson-Darling test.  

WHR – waist hip ratio, BMI – body mass index, WC – waist circumference, WHtR – waist to height ratio 
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Table 2. Hazard ratios (95% confidence Interval) for major macrovascular event according to three 
waist to height ratio (WHtR) categories. 

 WHtR <0.55 WHtR 0.55-<0.6 WHtR >=0.6 p for interaction 
Participants - n (%)     
   Men 1945 (30) 1904 (30) 2548 (40)  
   Women 1225 (26) 1178 (25) 2325 (49)  
   Asian 1967 (47.6) 1291 (31.2) 874 (21.2)  
   Non-Asian 1203 (17.2) 1791 (25.6) 3999 (57.2)  
   Age <66 years 1620 (30.6) 1413 (26.7) 2258 (42.7)  
   Age >=66 years 1550 (26.6) 1669 (28.6) 2615 (44.8)  
   All 3170 (28) 3082 (28) 4873 (44)  
Major macrovascular event   
   Men 1 (reference) 1.22 (1.06-1.40) 1.39 (1.20-1.60) 0.7668 
   Women 1 (reference) 1.35 (1.11-1.65) 1.53 (1.27-1.84)  
   Asian 1 (reference) 1.24 (1.07-1.44) 1.48 (1.25-1.74) 0.8045 
   Non-Asian 1 (reference) 1.30 (1.08-1.56) 1.45 (1.23-1.72)  
   Age <66 years 1 (reference) 1.09 (0.92-1.31) 1.18 (1.01-1.39) <0.0001 
   Age >=66 years 1 (reference) 1.25 (1.08-1.45) 1.27 (1.10-1.45)  
   All 1 (reference) 1.27 (1.13-1.42) 1.44 (1.29-1.61)  
Adjusted for age, sex, current cigarette smoking, region, randomised blood pressure-lowering 
intervention and randomised glucose control intervention. P for trend was significant for all 
participants as well as sex, region and age subgroups. P for interaction between subgroups and 
WHtR categories are shown. 
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