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Abstract 

Background In clinical practice, anthropometric measures other than BMI are rarely assessed yet may be more 
predictive of cardiovascular (CV) risk. We analyzed the placebo group of the REWIND CV Outcomes Trial to compare 
several anthropometric measures as baseline risk factors for cardiovascular disease (CVD)-related outcomes in partici-
pants with type 2 diabetes (T2D).

Methods Data from the REWIND trial placebo group (N = 4952) were analyzed. All participants had T2D, 
age ≥ 50 years, had either a previous CV event or CV risk factors, and a BMI of ≥ 23 kg/m2. Cox proportional hazard 
models were used to investigate if BMI, waist-to-hip ratio (WHR), and waist circumference (WC) were significant risk 
factors for major adverse CV events (MACE)-3, CVD-related mortality, all-cause mortality, and heart failure (HF) requir-
ing hospitalization. Models were adjusted for age, sex, and additional baseline factors selected by LASSO method. 
Results are presented for one standard deviation increase of the respective anthropometric factor.

Results Participants in the placebo group experienced 663 MACE-3 events, 346 CVD-related deaths, 592 all-cause 
deaths, and 226 events of HF requiring hospitalization during the median follow-up of 5.4 years. WHR and WC, but 
not BMI, were identified as independent risk factors of MACE-3 (hazard ratio [HR] for WHR: 1.11 [95% CI 1.03 to 1.21]; 
p = 0.009; HR for WC: 1.12 [95% CI 1.02 to 1.22]; p = 0.012). WC adjusted for hip circumference (HC) showed the strong-
est association with MACE-3 compared to WHR, WC, or BMI unadjusted for each other (HR: 1.26 [95% CI 1.09 to 1.46]; 
p = 0.002). Results for CVD-related mortality and all-cause mortality were similar. WC and BMI were risk factors for HF 
requiring hospitalization, but not WHR or WC adjusted for HC (HR for WC: 1.34 [95% CI 1.16 to 1.54]; p < 0.001; HR for 
BMI: 1.33 [95% CI 1.17 to 1.50]; p < 0.001). No significant interaction with sex was observed.

Conclusions In this post hoc analysis of the REWIND placebo group, WHR, WC and/or WC adjusted for HC were risk 
factors for MACE-3, CVD-related mortality, and all-cause mortality; while BMI was only a risk factor for HF requiring 
hospitalization. These findings indicate the need for anthropometric measures that consider body fat distribution 
when assessing CV risk.
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Background
Obesity, defined as excess adiposity that is detrimental 
to health, is a major risk factor for type 2 diabetes and 
other comorbidities [1]. Patients with type 2 diabetes 
and obesity have an increased risk for cardiovascular dis-
ease (CVD) [1]. Correspondingly, the American Diabetes 
Association recommends weight management strategies 
in addition to glycemic control for patients with type 2 
diabetes [2].

Obesity can be assessed using different measures. In 
the absence of imaging modalities, which are typically 
not used in routine clinical practice, BMI, waist-to-hip 
ratio (WHR), and waist circumference (WC) are com-
monly used clinical measures. BMI can be readily cal-
culated to estimate overall body fat, and WHR and WC 
can be measured during the office visit to estimate dis-
tribution of fat which may have varied pathophysiologi-
cal effects. BMI measures weight to height squared ratio 
and is inclusive of total body fat and lean mass. WC and 
WHR measure central adiposity: WC examines the cir-
cumference of the abdomen at the level of the umbilicus, 
and WHR is a ratio of the circumference of the waist to 
that of the hips with higher ratios indicating more central 
adiposity [3].

Different measures of obesity have been associated 
with CVD and all-cause mortality. While some studies 
indicate that measures of central adiposity are superior 
to BMI when evaluating patients’ risk of cardiovascular 
(CV) events [4–6], the Emerging Risk Factors Collabo-
ration showed no difference between BMI, WHR, and 
WC, in CVD risk prediction [7]. Similarly, while some 
studies suggest that WHR and WC are superior to BMI 
at predicting all-cause mortality risk [5], others indicate 
there is no difference between central and general adi-
posity measures [8–11]. Gender may also play a role in 
determining these relationships as WHR, but not BMI, 
was shown to independently predict major CV events 
(MACE) in female patients with coronary artery disease 
[12] and all-cause mortality in female patients with heart 
failure (HF) but not in male patients [13]. Superiority of 
BMI, WHR, or WC in predicting these events may also 
differ depending on the patient or population cohort.

The REWIND CV Outcomes Trial evaluated CVD-
related events, including MACE-3, CVD-related mortal-
ity, all-cause mortality, and HF requiring hospitalization, 
over a median of 5.4  years [14, 15]. Patients had type 2 
diabetes, were aged 50 years or older with CV risk factors 
or established CVD and had a baseline BMI of ≥ 23  kg/

m2. The placebo group of the REWIND trial provides 
data on the CV outcomes of patients with type 2 diabetes 
being treated with the standard of care.

The aim of the current study was to evaluate and con-
trast measures of general and central adiposity as poten-
tial risk factors for MACE-3, CVD-related mortality, 
all-cause mortality, and HF requiring hospitalization in 
the placebo group of the REWIND CV Outcomes Trial.

Methods
Study design and patients
Data from the placebo group of the REWIND trial were 
used for this analysis. Details of the REWIND trial are 
published elsewhere [14, 15]. In brief, the REWIND trial 
was a global, multi-center, randomized, double-blind, 
placebo-controlled clinical trial. Participants with type 
2 diabetes were aged ≥ 50  years with established CVD, 
aged ≥ 55 years with subclinical CVD, or aged ≥ 60 years 
with two or more CV risk factors. Participants (N = 9901) 
were randomized 1:1 to receive once-weekly subcutane-
ous injections of dulaglutide 1.5 mg or placebo in addi-
tion to the standard of care for diabetes and CVD of the 
specific country during the trial period of August 2011 to 
August 2018. Median follow-up was 5.4  years. All par-
ticipants provided written and informed consent and the 
trial was conducted in accordance with the International 
Conference on Harmonization Guidelines for Good Clin-
ical Practice and the Declaration of Helsinki.

Weight measurements were taken at baseline and 
throughout the trial annually as well as at the final study 
visit. Height, waist circumference, and hip circumference 
were measured at baseline and every 24 months through-
out the trial as well as at the final study visit. To calcu-
late BMI, body weight and height were measured. Body 
weight was measured using a calibrated scale (mechani-
cal or digital). BMI was calculated as weight in kilograms 
divided by the square of height in meters. WC and hip 
circumference (HC) measurements were obtained with 
the patient in the standing position. WC was measured 
immediately above the iliac crest and HC at the maxi-
mal circumference of the buttocks, both in centimeters. 
WHR was calculated by dividing WC by HC.

The current analysis examined obesity measures, 
measured at baseline, as potential risk factors for four 
outcomes: MACE-3 (non-fatal myocardial infarction, 
non-fatal stroke, or death from CV causes including 
unknown causes), CVD-related mortality, all-cause mor-
tality, and HF requiring hospitalization or urgent care. 
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Potential CV outcomes and all deaths were adjudicated 
by an independent clinical endpoint committee that was 
masked to treatment assignment. Further adjudication 
criteria are published elsewhere [15].

Statistical analyses
Analyses were conducted on all patients in the REWIND 
placebo group. Baseline demographic and other charac-
teristics are summarized as means and standard devia-
tions (SD) (continuous variables) and/or as counts and 
proportions (categorical variables).

Regression models were used to evaluate the relation-
ship between three baseline measures of obesity (BMI, 
WHR and WC) and incident outcomes as described 
below. To account for the possibility that both WC and 
HC contain some prognostic information that may be 
lost by estimating a fixed WHR for each participant, WC 
was also included in a model that adjusted for the HC.

Results for the obesity measures were analyzed as haz-
ard ratios (HR; 95% confidence intervals [CIs]) for one 
standard deviation (SD) increase. SD was 5.8  kg/m2 for 
BMI, 0.08 for WHR, 13.4  cm for WC, and 12.7  cm for 
HC.

Each obesity measure was assessed separately by first 
estimating its age and sex-adjusted hazard for each out-
come with the Cox proportional hazards (CPH) regres-
sion model. If the respective obesity measure was a 
statistically significant risk factor for the corresponding 
outcome (p < 0.05) in this minimally adjusted model, the 
prespecified risk factors listed in Table 1 were added to 
this model, which was run using LASSO Cox regression 
to select significant variables [16]. This fully adjusted 
model was then scrutinized to determine whether the 
obesity measure continued to be a significant risk factor 
for the outcome.

Two different combinations of three obesity meas-
ures (BMI, WHR, and WC or BMI, WC, and HC) 
were assessed together with multivariable CPH mod-
els, adjusted for age and sex. In contrast to the models 
described above, the three obesity measures were added 
to the pool of risk factors that underwent the variable 
selection process. As a result, final models could retain 
none to all three of the obesity measures. Analyses for the 
latter combination (BMI, WC, and HC) were repeated 
where HC was forced into the model to explore its impact 
on WC.

All final models were repeated with additional interac-
tion factors for obesity measures and sex.

The proportional hazard assumption for the risk fac-
tors was checked visually as well as by testing whether 
their corresponding time dependent covariates were 
significant.

Collinearity of the four obesity measures (BMI, WHR, 
WC, and HC) was evaluated via calculating pairwise 
Pearson correlation coefficients and performing col-
linearity diagnostics following Belsley, Kuh, and Welsch 
[17]. WC was categorized into normal and obese, based 
on sex- and BMI-related thresholds [18], and cross-tabu-
lated versus BMI categories.

Results from the multivariable CPH models are pre-
sented with HR and associated 95% CIs as well as 
p-values. For continuous risk factors including obesity 
measures, HRs are given for one SD increase.

All analyses presented are exploratory in nature, and 
a p value < 0.05 was considered statistically significant. 
Analyses were performed using  SAS© version 9.4., 2017 
SAS Institute Inc., Cary, NC, USA.

Results
Baseline characteristics and demographics
There were 4952 participants in the REWIND placebo 
group. The average age was 66.2 years, 46.1% were female, 
and 75.6% were White (Table 1). At baseline, 31.4% had 
prior established CVD. Mean weight was 88.9  kg and 
BMI was 32.3  kg/m2. Mean WC was 110.8  cm for men 
and 106.6  cm for women. Mean HC was 108.5  cm for 
men and 113.0  cm for women and WHR was 1.02 for 
men and 0.95 for women.

Incidence of health outcomes
During follow-up in the placebo group, there were 663 
MACE-3 events, 346 CVD-related deaths, 592 all-cause 
deaths, and 226 events of HF requiring hospitalization or 
urgent care.

Association of obesity measures with health outcomes
The list of variables included in the Stepwise Vari-
able Selection can be found in Table  1 alongside the 
respective baseline values. There was a high correlation 
between BMI, HC, and WC (pairwise correlation coeffi-
cients: 0.78–0.83). WHR had a modest correlation with 
WC (correlation coefficient: 0.43), and only a minor or 
no apparent correlation with HC (correlation coeffi-
cient: -0.23) and BMI (correlation coefficient: 0.06). The 
majority of participants in the normal and obese WC 
categories fell within the overweight (25.7% and 34.6%, 
respectively), obesity Class I (37.5% and 30.9%, respec-
tively), and obesity Class II BMI categories (32.6% and 
25.9%, respectively) (Additional file 1: Fig. S1).

Additional file 1: Fig. S2 shows the results for all obe-
sity measures after adjustment for age and sex. After 
adjusting for additional variables identified as significant 
risk factors for the outcomes using the LASSO selection 
method and detailed in Additional file  1: Table  S1, the 
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Table 1 Baseline characteristics of the REWIND placebo group used as additional risk factors to adjust for obesity measures

Placebo group (N = 4952)

Age (years) 66.2 (6.5)

Female 2283 (46.1)

Race

 American Indian or Alaska Native 543 (11.0)

 Asian 218 (4.4)

 Black or African American 346 (7.0)

 Native Hawaiian or other Pacific Islander 22 (0.4)

 White 3744 (75.6)

BMI (kg/m2) 32.3 (5.8)

BMI categories (kg/m2)

 Normal (< 25 kg/m2) 355 (7.2)

 Overweight (25- < 30 kg/m2) 1566 (31.6)

 Class I (30- < 35 kg/m2) 1640 (33.1)

 Class II-III (≥ 35 kg/m2) 1391 (28.1)

Waist circumference (cm)

 Female 106.6 (13.0)

 Male 110.8 (13.4)

Hip circumference (cm)

 Female 113.0 (13.6)

 Male 108.5 (11.4)

Waist-to-hip ratio

 Female 0.95 (0.07)

 Male 1.02 (0.07)

Baseline HbA1c (%) 7.4% (1.1)

Baseline eGFR (mL/min/1.73  m2)

 < 30 55 (1.1)

 30–59 1063 (21.5)

 60–89 2469 (49.9)

 ≥ 90 1238 (25.0)

Prior  CVDa 1554 (31.4)

History of myocardial infarction 798 (16.1)

History of myocardial ischemia by a stress test or with cardiac imaging 447 (9.0)

Ischemic stroke 253 (5.1)

Coronary, carotid or peripheral artery revascularization 886 (17.9)

Unstable angina 306 (6.2)

Hospitalization for unstable angina with ECG changes 590 (11.9)

Systolic blood pressure (mm Hg) 137.3 (17.0)

Diastolic blood pressure (mm Hg) 78.5 (9.9)

UACR (mg/mmol) 1.9 (0.70–7.38)

Total cholesterol (mmol/L) 4.5 (1.16)

LDL cholesterol (mmol/L) 2.6 (0.98)

HDL cholesterol (mmol/L) 1.2 (0.36)

Non-HDL cholesterol (mmol/L) 3.3 (1.11)

Triglycerides (mmol/L) 1.60 (1.20–2.25)

Current tobacco usage 713 (14.4)

Past tobacco usage 2409 (48.6)

Current alcohol consumption 1736 (35.1)

Antihypertensive agents 4654 (94.0)

Lipid lowering agents 3485 (70.4)
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relationship between obesity measures and outcomes 
varied by the outcome (Fig. 1).

For MACE-3, WHR was found to be a significant 
independent risk factor (HR = 1.11; 95% CI 1.03 to 1.21; 
p = 0.009), as was WC (HR = 1.12; 95% CI 1.02 to 1.22; 
p = 0.012) in the fully adjusted model. The analysis of 
WC adjusted for HC emerged as the strongest risk factor 
for MACE-3 (HR = 1.26; 95% CI 1.09 to 1.46; p = 0.002). 
When either BMI, WHR, and WC or BMI, WC, and HC 
were included together, the resulting multivariable mod-
els did not identify any obesity measure (including WC 
adjusted for HC) as being significantly associated with 
MACE-3.

For CVD-related mortality, WHR was identified as 
a significant risk factor (HR = 1.19; 95% CI 1.04 to 1.36; 
p = 0.010). WC was not significant when included alone 
(p = 0.057) but became significant when adjusted for 

HC, with the strongest association of the four measures 
for CVD-related mortality (HR = 1.33; 95% CI 1.08 to 
1.64; p = 0.007). In the model investigating BMI, WHR, 
and WC together, only WHR was included via the selec-
tion process, resulting in the same final model as the 
respective single model (HR = 1.19; 95%-CI 1.04 to 1.36; 
p = 0.010). In the model investigating BMI, WC, and HC 
together, none of the obesity measures were selected. 
However, when HC was forced into the model, WC 
was selected, resulting in the same final model as above 
(HR = 1.33; 95% CI 1.08 to 1.64; p = 0.007).

For all-cause mortality, WC emerged as a significant 
risk factor (HR = 1.10; 95% CI 1.00 to 1.20; p = 0.047) 
and remained significant when adjusted for HC, with the 
largest HR (HR = 1.17; 95% CI 1.00 to 1.38; p = 0.049). In 
both models investigating a combination of three obesity 
measures, none of them were included via the selection 

Table 1 (continued)

Placebo group (N = 4952)

Anticoagulant agents 2557 (51.6)

Antithrombotic agents 2909 (58.7)

Data are presented as mean (SD), n (%), or median (IQR)

BMI body mass index, CVD cardiovascular disease, ECG electrocardiogram, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, IQR interquartile 
range, LDL low-density lipoprotein, N number of patients in subgroup of population, n number of patients with stated characteristic, SD standard deviation, UACR  
urine albumin-to-creatinine ratio
a Prior CVD was defined as myocardial infarction, ischemic stroke, unstable angina with electrocardiogram changes, myocardial ischemia on imaging or stress test, or 
coronary, carotid, or peripheral revascularization

Fig. 1 Association of BMI, WHR, WC, and WC adjusted for HC with (A) MACE-3, (B) CVD-related mortality, (C) all-cause mortality, and (D) HF requiring 
hospitalization or urgent care. Results are estimated from Cox proportional hazard regression models. Results are presented per 1 SD increase (WHR 
0.08; BMI 5.8 kg/m2; WC 13.4 cm; HC 12.7 cm). All obesity measures were evaluated, after adjustment for age and sex (Step 1 of the statistical analysis 
approach). Those that were significant (p < 0.05) progressed to Step 2 (adjustment for age, sex, and selected baseline factors from the LASSO 
selection process), otherwise the process stopped after Step 1 (*). BMI body mass index, CI confidence interval, CVD cardiovascular disease, HC hip 
circumference, HF heart failure, HR hazard ratio; MACE = major adverse cardiovascular events, SD standard deviation; WC waist circumference, WHR 
waist-to-hip ratio
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process. This did not change in the latter model when HC 
was a forced factor.

BMI was a significant independent risk factor for HF 
requiring hospitalization (Fig.  1D; HR = 1.33; 95% CI 
1.17 to 1.50; p < 0.001). While WC alone was significant 
(HR = 1.34; 95% CI 1.16 to 1.54; p < 0.001), it became 
nonsignificant after adjusting for HC (p = 0.077). In both 
models investigating a combination of three obesity 
measures, only BMI was included via the selection pro-
cess, resulting in the same final model as the respective 
single model (HR = 1.33; 95% CI 1.17 to 1.50; p < 0.001).

In all models no significant interaction with sex was 
observed.

Discussion
This post hoc analysis of the placebo group of the 
REWIND CV Outcomes Trial showed that the  anthro-
pometric measures WHR and/or WC, but not BMI, 
were risk factors for MACE-3, CVD-related mortality, 
and all-cause mortality in patients with type 2 diabetes 
and CV risk factors or established CVD. BMI was a sig-
nificant risk factor only for HF requiring hospitalization. 
WHR and/or WC were risk factors for all four outcomes, 
with varying strengths of associations when analyzed in 
a combination model with other obesity measures. WC 
adjusted for HC was one of the strongest risk factors for 
MACE-3, CVD-related mortality, and all-cause mortality, 
indicating that both WC and HC have independent infor-
mation pertaining to CV risk which is not completely 
captured by WHR.

General adiposity poorly reflects the risk of CV outcomes
While used routinely in clinical practice, increasing BMI 
is not a reliable universal risk factor for CV-related out-
comes in patients with overweight or obesity. Data from 
the ORIGIN trial showed that obesity, categorized using 
BMI, had a U-shaped association with mortality and CV 
outcomes, and patients with overweight and moder-
ate obesity (BMI 25–35 kg/m2) had the lowest mortality 
risk [19]. Similarly, a meta-analysis showed that the BMI 
category associated with the lowest risk of mortality in 
patient groups with varying CV risk was the overweight 
category (BMI 25-29.9  kg/m2) [20]. Our results indi-
cate that in the REWIND placebo group, with an inclu-
sion criterion of ≥ 23  kg/m2 and a mean baseline BMI 
of 32 kg/m2, BMI was not a significant independent risk 
factor for MACE-3, CVD-related mortality, or all-cause 
mortality. BMI was significant for HF requiring hospitali-
zation. The relationship between BMI and HF has been 
documented previously [21, 22], including in patients 
with type 2 diabetes [23], and may be explained by the 
fact that fluid retention is a key contributor to the devel-
opment of HF [24]. Additionally, it is recommended to 

use BMI with caution in patients with Asian ancestry, 
older adults, and muscular adults [25], further limiting 
its usefulness in the clinical setting. Overall, with the 
exception of HF, BMI may not be an accurate measure of 
patients’ risk of cardiovascular outcomes.

Central adiposity measures as recommended risk factors 
for CV outcomes
Our results showed that either WHR or WC were risk 
factors for MACE-3, CVD-related mortality, and all-
cause mortality. Given that different measures of obe-
sity indicate general adiposity versus specific areas of fat 
depots, such as central fat, this may translate to different 
physiological effects and therefore varied associations 
with different outcomes. Although reports differ, most 
studies suggest that central obesity, measured by WHR or 
WC, is a risk factor for CVD [4], myocardial infarction 
[6], and CVD-related mortality [5]. Additionally, WC is a 
principal risk factor for a high metabolic syndrome score 
[26], and central obesity is associated with an increased 
risk of HF hospitalization or death in patients with type 1 
diabetes [27]and type 2 diabetes [28]. In addition, multi-
variable Mendelian randomization analyses suggest that 
the risk of BMI on hospital admission rates is attenuated 
by WHR [29]. Higher central fat deposition increases the 
risk for CV events compared to subcutaneous fat depo-
sition which is potentially caused by the impairment of 
CV mechanics by visceral adipose tissue; data which 
are captured by WC or WHR measures but not BMI or 
skinfold thickness [30]. Additionally, fat depots, particu-
larly visceral and ectopic stores, are linked to increased 
levels of inflammatory mediators such as adipokines, 
which may drive decreased cardiac function in patients 
with central obesity anthropometric measures [31]. 
While some reports suggest that WC, WHR, and waist-
to-height ratio can be used to predict all-cause mortality 
[5], most indicate that there are no differences in risk pre-
diction by central and general obesity measures [8–11]. 
This divergence from the current results may be due to 
differences in study populations as the current study 
investigated patients aged ≥ 50  years with type 2 diabe-
tes. Waist-to-height ratio was not explored in the current 
study, however, a previous study suggests it may be a bet-
ter indicator than other central adiposity measurements 
for evaluating cardio-cerebrovascular events collectively 
[32]. Although sex has been to shown to play a role in 
some risk models [12, 13], we did not identify any inter-
action between sex and any of the obesity factors.

Given the strong evidence that central adiposity can 
inform patients’ risk of CV events, guidelines should 
include detail on collecting these measures in addition to 
weight and BMI. It is increasingly more widely acknowl-
edged that central adiposity can not only contribute to 
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CV risk but also  to type 2 diabetes pathology [33]. The 
American Diabetes Association recommends assess-
ing patients’ weight distribution to guide risk stratifica-
tion and treatment plans [2] and the American Heart 
Association (AHA) and American College of Cardiol-
ogy (ACC) have highlighted the importance of recording 
patients’ WC as well as BMI [25, 34, 35]. Patients should 
be individually treated according to both their BMI and 
WC category. Risk calculators such as the Framingham 
Risk Score and the ACC ASCVD calculator are valu-
able tools to assess CV risk and guide treatment strate-
gies and should include weight, height, WC, and HC to 
fully inform on risk. Due to the heterogenous nature of 
obesity, one anthropometric measure does not suffice to 
inform patients’ risk of different CV outcomes.

Strengths and limitations
This study had several strengths. The REWIND placebo 
group was a large cohort of patients with type 2 diabetes 
and CV risk factors or established CVD. The follow-up 
period was long (median 5.4 years). The REWIND study 
protocol did not prescribe interventions on body weight 
or weight change advice. The REWIND trial data pro-
vided detailed information such as general and central 
adiposity in addition to multiple risk factors which are 
not typically available in other settings.

This study also had limitations. This was a post hoc 
analysis that was not prespecified. Participants in the 
REWIND trial had a history of CVD or CV risk factors 
so results may not be generalizable to patients with no 
history or risk factors. Likewise, REWIND participants 
had type 2 diabetes which limits generalisability to other 
populations. The full spectrum of BMI was unlikely to be 
represented. Despite multivariable adjustments, some 
baseline differences may be unaccounted for which lim-
its conclusions. For outcomes other than MACE, the 
power is low since there were much fewer events. No 
causal inference can be concluded from the observed 
associations.

Conclusions
In a cohort of patients with type 2 diabetes with high 
risk for CVD, different general and central measures of 
obesity better reflected patients’ risk of CV events. There 
was no single obesity measure that was a risk factor for 
all outcomes (MACE-3, CVD-related or all-cause mortal-
ity, or HF requiring hospitalization), however WHR, WC 
and/or WC adjusted for HC were risk factors for most 
outcomes. Measuring BMI, WC, and HC collectively may 
be the most appropriate when assessing the risk of CV 
events in patients with type 2 diabetes and obesity.
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