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Abstract

Aims—The aim of this study was to compare the strength of associations and discrimination

capability of body mass index (BMI), waist circumference (WC) and waist-to-hip ratio (WHR)

with cardiovascular disease risk in individuals with type-2-diabetes.

Methods and results—11,140 men and women were followed for a mean of 4.8 years. Cox

proportional hazard models were used to compute the hazard ratios (HR) and 95% confidence

intervals (95% CI) for one standard deviation (SD) increase in baseline BMI (SD: 5 kg/m2), WC

(SD: 13 cm) and WHR (SD: 0.08) with cardiovascular disease risk. After adjustment, HR (95%

CI) for WC were 1.10 (1.03-1.18) for cardiovascular events, 1.13 (1.03-1.24) for coronary events,

and 1.08 (0.98-1.19) for cardiovascular deaths. Estimates for WHR were 1.12 (1.05-1.19), 1.17

(1.08-1.28) and 1.19 (1.09-1.31). BMI was not related to any of these outcomes. While the

receiver operating characteristic curve could not differentiate between anthropometric variables

(p-values ≥ 0.24), the relative integrated discrimination improvement statistic showed an

enhancement in the discrimination capabilities of models using WHR for cardiovascular

outcomes, except for cerebrovascular events.

Address for reprint and correspondence: A/Prof. Sébastien Czernichow Unité de Recherche en Epidémiologie Nutritionnelle. Faculté
de médecine SMBH. 74, rue Marcel Cachin, 93017 Bobigny, France Tel: +33 1 48 38 89 53, Fax: +33 1 48 38 89 31
czernichow@uren.smbh.univ-paris13.fr.

Conflicts of Interest/Disclosures Statement John Chalmers holds research grants from Servier, administered through the University
of Sydney as Co-Principal Investigator for ADVANCE. John Chalmers, Bruce Neal, Mark Woodward and Sophia Zoungas have
received lecturing fees from Servier.

Europe PMC Funders Group
Author Manuscript
Eur J Cardiovasc Prev Rehabil. Author manuscript; available in PMC 2014 September 22.

Published in final edited form as:
Eur J Cardiovasc Prev Rehabil. 2011 April ; 18(2): 312–319. doi:10.1097/HJR.0b013e32833c1aa3.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Conclusion—Strengths of associations and discrimination statistics suggested that WHR was

the best predictor of cardiovascular events and mortality in patients with type-2-diabetes and BMI

the worst.

Keywords

body mass index; waist circumference; waist-to-hip ratio; type 2 diabetes; cardiovascular disease

Introduction

In the last two decades there have been marked secular increases in the prevalence of obesity

in the majority of countries worldwide [1]. More than 1.1 billion individuals meet current

definitions for overweight or obesity [2] which puts them at increased risk for number of

chronic diseases including cardiovascular diseases and type 2 diabetes.

In large scale observational studies, the degree of adiposity is typically assessed using the

following indicators: waist-to-hip ratio (WHR), waist circumference (WC), or, most

commonly, body mass index (BMI). In non-diabetic populations, the magnitude of the

association between obesity and cardiovascular disease is suggested to be stronger for WHR

than with either WC or BMI [3-6]. However, prospective cohort studies comparing the

associations in individuals with type 2 diabetes are sparse [7] and reveal inconsistent

findings [8-19].

To our knowledge, no study has prospectively assessed the relative discriminative capability

of a range of different anthropometric markers on the risk of cardiovascular disease in a

cohort of individuals with type-2-diabetes. Identifying the best clinical anthropometric

marker to predict this risk is critical in individuals with type-2-diabetes since it has been

suggested that modifications in body composition, especially in visceral adipose tissue, may

modify this association [20].

The primary objective of the present analyses was to assess the magnitude of association of

each anthropometric marker (BMI, WC and WHR) for cardiovascular disease risk among

participants in the ADVANCE trial (Action in Diabetes and Vascular disease: preterAx and

diamicroN-MR Controlled Evaluation) [21,22]. A secondary objective was to compare the

discrimination capability of these markers on the same risk.

METHODS

The study protocol for ADVANCE has been reported in detail elsewhere.25-28 In brief,

ADVANCE was a 2×2 factorial randomised controlled trial of blood pressure and glucose

lowering on the incidence of microvascular and macrovascular events among individuals

with type-2-diabetes. A total of 11,140 patients were randomly allocated to a fixed

combination of perindopril and indapamide or matching placebo, and an intensive glicazide

modified release (MR)-based glucose control regimen or standard blood glucose control.

Mean duration of follow-up was 4.8 years.
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Baseline assessment

Data were collected on medical history, current medical treatment, and major risk factors

using standard protocols. The baseline anthropometric markers presented here are those

obtained at the initial registration visit. Height and weight were measured without shoes, and

without outdoor or heavy clothing. BMI was defined as weight (kg)/height (m2). WC was

measured midway between the inferior margin of the last rib and the crest of the ileum and

hip circumference (HC) around the pelvis at the point of maximum protrusion of the

buttocks, both in a horizontal plane, without compressing the soft tissues. WC and HC were

recorded to the nearest cm and WHR was defined as a ratio of WC to HC.

Ascertainment of cardiovascular disease outcomes

Outcomes were restricted to the first event recorded during follow-up. Major cardiovascular

disease was a composite of cardiovascular death, non-fatal myocardial infarction and non-

fatal stroke. Major coronary events included death from coronary heart disease, sudden

death and non-fatal myocardial infarction. Major cerebrovascular events included death

from cerebrovascular events and non-fatal stroke. Outcomes were coded according to the

10th revision of the International Classification of Diseases (ICD-10), and major events

(suspected myocardial infarction, suspected stroke and all deaths) were centrally validated

by an independent endpoint committee.

Statistical methods

Cox proportional hazard regression models were used to estimate the hazard ratio (HR) and

95% confidence interval (95% CI) for a one standard deviation (SD) increase in each

anthropometric risk factor in relation to cardiovascular disease outcomes. HRs (95% CI) for

the participants in the fifths of anthropometric variables distribution were compared and a

linear trend was computed. The corresponding confidence intervals were calculated by the

floating absolute risk method [23]. Models adjusted for age-, sex-, ethnicity-, current

smoking and treatment allocation as well as further adjusted for systolic blood pressure, total

cholesterol, HDL cholesterol, HbA1c and statin use, aspirin use, other antiplatelets and

blood pressure lowering medications classes (beta blockers, calcium channel blocker, ACE

inhibitors, ARA II, diuretics, others) (Supplementary Table 1) are presented. Interactions

between ethnicity, sex or randomised treatment group and each anthropometric variable

were tested for each outcome. Potential quadratic interaction terms for each anthropometric

variable with the same outcomes were also investigated.

The ability of anthropometric variables to discriminate between participants who developed

an event during follow-up and those who did not was assessed using area under the receiver

operating characteristic curves and the relative integrated discrimination improvement

(RIDI) which measures the percentage increased discrimination when an extra variable is

added to a prediction model [24-27]. Area under the receiver operating characteristic curve

(AUC) comparisons were examined with nonparametric methods [28]. Bootstrap methods

were used to derive the 95% CI for the RIDI estimates, which were based on 1000

replications. The likelihood ratio χ2 statistics for each event category were calculated by

comparing multivariate regression models with and without a single anthropometric variable

to assess improvement in model fit. Secondary analyses were conducted testing for the
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combination of anthropometric variables (BMI+WC or BMI+WHR) in Cox models. All

analyses used SAS software v.9.2 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Baseline characteristics of the study population are given in Table 1. Mean BMI was 28

kg/m2 (SD = 5), WC was 98 (13) cm and WHR was 0.93 (0.08). The Pearson correlation

coefficients for the anthropometric variables were: 0.83 (BMI vs. WC), 0.62 (WC vs.

WHR), 0.42 (BMI vs. WHR) in men, and 0.81 (BMI vs. WC), 0.44 (WC vs. WHR) and 0.11

(BMI vs. WHR) in women respectively. During follow-up (n, cumulative incidence %),

1147 major cardiovascular events (10.3%), 647 major coronary events (5.8%), 584 major

cerebrovascular events (4.3%) and 542 cardiovascular deaths (4.9%) were recorded.

BMI was not significantly related to any of the cardiovascular outcomes (all p-values > 0.16,

Figure 1), although there was some suggestion of an inverse association with

cerebrovascular events (p for linear trend = 0.04). A positive continuous association was

observed for WC with cardiovascular and coronary events (both p-values < 0.05). These

relationships were linear (both p values for linear trend < 0.05). A similar continuous

positive association was observed for WHR with cardiovascular, coronary events and

cardiovascular death (all p-values ≤ 0.001), but not with cerebrovascular events (p = 0.13),

with all associations being linear (p values for linear trend < 0.05).

The adjusted HRs (95% CI) for a one SD increment in BMI in the risk of cerebrovascular

events was 0.92 (0.83 - 1.03) (Figure 1). Multivariate HR (95% CI) associated with a one

higher SD for cardiovascular, coronary events and cardiovascular death were 1.10

(1.03-1.18), 1.13 (1.03-1.24) and 1.08 (0.98-1.19) for WC, respectively and 1.12

(1.05-1.19), 1.17 (1.08-1.28) and 1.19 (1.09-1.31) for WHR.

The difference in likelihood-ratio χ2 tests indicated that for every outcome, the association

was always stronger with WHR compared to WC or BMI. All the above associations were

similar when the fifths of the distribution of each anthropometric variable were compared

(Figure 2). Sensitivity analyses excluding patients with macrovascular disease at baseline

and with further adjustment did not materially alter these results (Supplementary Table 1).

There was no consistent interaction either between the three anthropometric variables and

sex, except for BMI and major cardiovascular events, due to opposite associations in men

and women, as follows: multivariate HR (95% CI) associated with a one higher SD were

1.08 (1.00-1.17) and 0.93 (0.82-1.05). Similarly, there was a significant interaction between

WHR and ethnicity for the risk of coronary events, resulting from a significant positive

association in non-Caucasians [HR (95%) for one SD higher WHR: 1.33 (1.16-1.51)] and a

borderline association in Caucasians, HR (95% CI): 1.11 (0.99-1.23). Further, there was no

significant interaction with randomised treatments (all p ≥ 0.45) and no consistent quadratic

interaction (BMI2, WC2 or WHR2) for major cardiovascular events (all p ≥ 0.17).

For prediction of any of the outcomes, there was no significant difference in the area under

the receiver operating characteristic curves between the three anthropometric variables (all

overall p-value for differences ≥ 0.24; Table 2). On the other hand, using the RIDI statistics
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(Table 3), a significant increase of 2.8% (major cardiovascular), 3.2% (major coronary) and

1.3% (cardiovascular death) of the RIDI was observed when baseline waist circumference

was used instead of baseline BMI. These results indicate an enhancement in the

discriminative capability of the models using waist circumference instead of body mass

index. A similar and stronger pattern was observed when using waist-to-hip ratio instead of

body mass index. Results for major cerebrovascular events indicated either a worsening in

the predictive value (-2.5% with WC vs. BMI) or a null effect (WHR vs. BMI). The

advantage of using WHR instead of WC was apparent for all outcomes (2.0 to 5.6%).

Models combining two anthropometric variables such as BMI and WC or BMI and WHR

provided some improvements in prediction of CVD. However, these combined models were

not superior to WHR alone, except for the prediction of cerebrovascular event where BMI +

WC did marginally better based on Akaike’s Information Criterion comparison and RIDI

analyses (Table 3).

DISCUSSION

We have presented a comparison of the ability of different anthropometric markers to

predict the risk of major cardiovascular diseases in individuals with type-2-diabetes.

Positive, linear and continuous associations were observed between WC and WHR and

cardiovascular outcomes. The relative magnitudes of the associations were systematically

higher when WHR was considered, in particular for cardiovascular death. By comparison,

BMI performed the least well out of all three measures at predicting vascular risk in this

population. Using the RIDI statistics, WHR exhibited enhanced predictive capability

compared to both body mass index and waist circumference.

Many studies in populations without diabetes have indicated a positive association between

markers of abdominal obesity, either WHR or WC, and cardiovascular disease events [4,5].

With the exception of one study [7], we are not aware of any other prospective cohort

studies of participants with diabetes in which the discrimination capabilities of different

markers of abdominal obesity to predict the risk of cardiovascular disease have been

compared.

Data on the relationship between BMI and coronary disease outcomes in populations

without diabetes are numerous and largely in agreement [29,30], whereas reports of the

association between BMI and stroke risk are conflicting [30-33]. In the two largest European

surveys, BMI was variously unrelated to cerebrovascular disease mortality [5], inversely

related in the lower range or positively related in the upper range of BMI [34]. The true

nature of the association between BMI and the risk of stroke remains unclear.

Few prospective cohort studies have investigated these associations in populations with

type-2-diabetes and these have yielded inconsistent findings. In some, BMI was associated

with increased risk of cardiovascular disease or total mortality in a variety of sub-groups

[8-13], whereas others have not found such an association [14-17]. The association of body

mass index with the risk of stroke remains unclear in cohorts with type-2-diabetes [18,19].
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The role of anthropometric markers in predicting CVD risk in individuals with or without

diabetes may not have the same strength of association. Premature stiffening of arteries,

release of pro-inflammatory markers or even modification in body composition could

modify these associations [20,35,36]. Other studies have also shown that visceral fat is more

closely related to WHR or even WC than to BMI [37], and as a consequence may have a

stronger influence on cardiovascular disease risk [20,38,39]. Furthermore, relationships

between BMI and CVD risk may be attributable to the relationship between BMI and

diabetes. In individuals with established diabetes, the predictive value of BMI may add little

additional information, whereas measures of central obesity that are more closely related to

other metabolic abnormalities, such as blood lipids may remain predictive. In a cross-

sectional study of subjects with type 2 diabetes, higher cholesterol VLDL and LDL particle

number, larger VLDL particles and smaller LDL and HDL particles were associated with

higher visceral adipose tissue [40]. This study emphasizes the heterogeneity of the

phenotype of type 2 diabetes patients, in terms of metabolic profile, as shown before for the

difference in the adipose tissue repartition in diabetic individuals versus healthy controls

[36].

In conclusion, this was the first cohort study to assess the relative importance of different

adiposity markers in predicting cardiovascular disease risk in a large population of

individuals with type 2 diabetes. Using the RIDI statistics, but not the AUC/ROC approach,

there was a suggestion that markers of abdominal obesity, particularly WHR, were the best

predictor of future CVD events.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Adjusted hazard ratios and 95% confidence intervals (95% CI) for major cardiovascular

outcomes per standard deviation increment in anthropometric variables

All analyses were adjusted by age, gender, smoking status, treatment allocation and

ethnicity. Boxes are for the point estimates (hazard ratios) and the horizontal bars represent

the 95% confidence intervals. The size of the box is proportional to the inverse variance of

the natural logarithm of the hazard ratio.

Delta likelihood Ratio χ2 = difference in the likelihood ratio χ2 statistics for each event

category calculated by comparing multivariate regression models without and with a single

anthropometric variable to assess improvement in model fit.

BMI = body mass index, WC = waist circumference, WHR = waist-to-hip ratio. Standard

deviations are 5 kg/m2 for BMI, 13 cm for WC and 0.08 for WHR.
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Figure 2.
Adjusted hazard ratios and 95% confidence interval (95% CI) for major cardiovascular

outcomes comparing the fifths for each anthropometric variable.

All analyses were adjusted by age, gender, smoking status, treatment allocation and

ethnicity. Boxes are for the point estimates (hazard ratios) and the horizontal bars represent

the 95% confidence intervals. The size of the box is proportional to the inverse variance of

the natural logarithm of the hazard ratio.

BMI = body mass index, WC = waist circumference, WHR = waist-to-hip ratio.
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Table 1

Baseline characteristics of the population (n=11,140)

Variables

Age (years), mean (SD) 65.8 (6.4)

Women, (%) 42.5%

Body mass index (kg/m2), mean (SD) 28 (5)

Waist circumference (cm), mean (SD) 98 (13)

Waist to hip ratio, mean (SD) 0.93 (0.08)

Blood pressure (mmHg), mean (SD)

  Systolic blood pressure 145 (22)

  Diastolic blood pressure 81 (11)

Known duration of diabetes (years)* 7 (3-11)

Total cholesterol (mmol/L), mean (SD) 5.2 (1.2)

Current smoker, (%) 14%

Use of statins, (%) 28%

Caucasians, (%) 63%

History of major macrovascular disease, (%) 32%

*
Median (25-75th percentiles)
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