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Abstract

Aims: Obesity is frequent in type 2 diabetic patients with myocardial infarction (M) or established cardiovascular
disease. Earlier studies suggest that elevated body mass index (BMI) is associated with a favorable prognosis for persons
with established vascular disease. We sought to analyse the associations between raised BMI and waist circumference
with the 2-year event rate in type 2 diabetic patients with established vascular disease.

Methods and results: Patients from the Reduction of Atherothrombosis for Continued Health (REACH) Registry, an
international, prospective cohort of patients at high risk of atherothrombosis, were selected if they were diabetic and had
established atherosclerotic arterial disease (n = 19,579). The main outcomes after 2-year follow-up were: all-cause death,
cardiovascular death, MI, stroke, cardiovascular death/Ml/stroke, and cardiovascular death/Ml/stroke/rehospitalization.
The rates of all-cause death, cardiovascular death, and cardiovascular death/Ml/stroke decreased across increasing BMI
quintile categories, whereas the same rates were stable across waist categories. The hazard ratios, adjusted for con-
founders, decreased significantly with increasing BMI for all-cause death (p < 0.0001), cardiovascular death (p =0.0009),
cardiovascular death/Ml/stroke (p =0.0004), and all events (p =0.002), but not for greater waist circumference.
Conclusion: There is an apparent obesity paradox (better outcome with increasing obesity) when obesity is measured
by BMI but not when measured by waist circumference in diabetic subjects.
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Introduction

Obesity is a risk factor for increased mortality and Cardiology Division, Emory University School of Medicine, Atlanta, GA,

cardiovascular disease in the general population.'?
In contrast, in patients with established vascular disease
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and those undergoing percutaneous coronary interven-
tion or after an acute coronary syndrome, raised body
mass index (BMI) appears to be associated with a
favorable prognosis: the so-called ‘obesity paradox’.**
A similar relationship is also reported in patients
with heart failure, hypertension, and end-stage renal
disease.””’

Type 2 diabetes is associated with increased coro-
nary artery disease (CAD) risk in the general popula-
tion.®? The intensity of this risk, however, has been a
matter of debate. One study reported that type 2 dia-
betic patients have the same risk of CAD death as non-
diabetic subjects with a history of myocardial infarction
(MI),'"*!! but this observation has not been confirmed
in other studies.'”'* Patients with diabetes have more
extensive atherosclerosis, accelerated plaque progres-
sion, and a markedly increased risk of adverse events
after MI or angioplasty.'®!” The mechanism of this
association is related to altered cardiovascular risk fac-
tors, as well as endothelial dysfunction, platelet aggre-
gation, and inflammatory processes.

Obesity is frequent in type 2 diabetic patients with
MI (reaching 54.8% in the USA) or established cardio-
vascular disease.'® To the best of our knowledge, the
prognostic impact of total and abdominal obesity on
recurrent events in diabetic patients with established
atherothrombosis is unknown. The goal of the present
study was to analyse the associations between raised
BMI and waist circumference with the 2-year event
rate in diabetic patients with established vascular
disease.

Methods

Full details of the rationale and design of the Reduction
of Atherothrombosis for Continued Health (REACH)
Registry have been described elsewhere.'”*® The
REACH Registry is a prospective, observational
study of more than 68,000 outpatients from approxi-
mately 5000 sites in 44 countries. The study design was
approved by the institutional review board in each par-
ticipating country, and participants provided written
informed consent to participate. Family and general
practitioners made up 44% of the recruiting physicians;
others were specialists in internal medicine (29%), car-
diology (13%), neurology (9%), endocrinology (2%),
general surgery (2%), and vascular disease (1%).">°

Subjects

Physician participating to the study diagnosed and
reported diabetes from their patients’ records. In the
present analysis, we considered all diabetic patients
with established vascular disease. Our final sample con-
sisted of 19,579 subjects. Patients enrolled were aged

>45 years with at least one of the following: (1) CAD
(angina, MI, coronary angioplasty, stent implantation,
or bypass surgery); (2) cerebrovascular disease (CVD)
(ischaemic stroke or transient ischaemic attack
(TTA)); or (3) peripheral arterial disease [PAD; histor-
ical or current intermittent claudication associated with
ankle-brachial index (ABI) <0.9]. Patients already in a
clinical trial, hospitalized patients, and those who might
have difficulty returning for a follow-up visit were
excluded. Patients were evaluated at baseline for a
range of demographic, medical, and laboratory charac-
teristics, before being re-evaluated annually for up to
48 months post baseline to ascertain whether they expe-
rienced any clinical events or hospitalizations.

Definition of cardiovascular risk factors

Data were collected using a standardized international
case report form, which was completed at the study
visit. Baseline height, weight, waist circumference, sys-
tolic and diastolic blood pressure, and available fasting
glucose and cholesterol levels were obtained. From
these data, baseline demographic and risk factor char-
acteristics were analysed. Current smoking was defined
as >5 cigarettes/day on average within the month
before entry into the REACH Registry.

Follow-up

Follow-up data (at 24 months) were collected from
participating physicians from medical records, and
included clinical outcomes, treatment, and physical or
biological data.>' Although events were not adjudi-
cated, reports of ischaemic stroke and TIA had to be
sourced from a neurologist or hospital to ensure a reli-
able diagnosis. Endpoint definitions were: (a) all-cause
death; (b) cardiovascular death, including fatal stroke,
fatal MI, and other cardiovascular death (including
other death of cardiac origin; pulmonary embolism;
any sudden death; death following a vascular opera-
tion, vascular procedure, or amputation (except for
trauma or malignancy); death attributed to heart fail-
ure; death following a visceral or limb infarction, and
any other death that could not be attributed definitely
to a non-vascular cause or haemorrhage); (c) non-fatal
MI; (d) non-fatal stroke; (e) cardiovascular death/
MI/stroke; and (f) cardiovascular death/MI/stroke/
rehospitalization for an atherothrombotic event.

Statistical analysis

Continuous variables are expressed as mean+
standard  deviation. Categorical variables are
expressed as frequencies and percentages. Patients
were separated into quintiles of BMI and waist
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circumference distribution. Age- and sex-related event
rates were computed for each quintile of distribution.
Multivariable hazard ratios (HRs) were calculated with
Cox regression using the second quintile as the refer-
ence group. Covariables were selected a priori and
included: age, sex, smoking, hypertension, hypercholes-
terolaemia, symptomatic disease, number of affected
vascular beds, physician’s medical specialty, lipid-low-
ering therapy, antihypertensive agents, antiplatelets,
beta-blockers, oral antidiabetic drugs, and insulin.
Trend analyses were performed using BMI or waist
categories as continuous variables. Statistical analyses
were conducted using SAS version 9.1 software (SAS
Institute Inc, Cary, NC).

Results
Baseline characteristics according to BMI

The baseline demographics, clinical characteristics, and
treatments of the 19,579 diabetic patients with estab-
lished vascular disease are presented in Table 1 by quin-
tile of BMI. The higher BMI quintiles had a lower
mean age (p <0.0001), but more women (p <0.0001),
Caucasians (p <0.0001), former smokers (p <0.0001),
and patients with a history of raised blood pressure
(» <0.0001). Mean systolic and diastolic blood pressure
levels (p <0.0001), and concentrations of triglycerides
(p <0.0001) and glycaemia (p =0.0005) (but not choles-
terol) were higher in the upper than the lower quintile
of BMI distribution. With respect to vascular disease,
there were more patients with CAD (p <0.0001) than
with stroke or PAD, and these patients less frequently
had multiple vascular bed disease (p <0.0028) in the
highest than lowest quintile of BMI distribution.
In general, patients in the higher BMI quintiles received
more medications than those in the lower BMI groups.
Fewer obese patients achieved target blood pressure,
triglycerides, and glycaemia goals, but cholesterol
levels were similar across quintiles.

Baseline characteristics according to waist
circumference

Baseline demographics, clinical characteristics and treat-
ments by quintile of waist circumference are also presented
in Table 1. The mean age was lower (p < 0.0001) and there
were more Caucasians (p <0.0001) and former smokers
(» <0.0001) in the higher quintiles of waist distribution.
In contrast, there were fewer women (p < 0.0001) in the
highest quintile than in the lowest. Increased waist circum-
ference was associated with a history of hypertension
(» < 0.0001). Mean blood pressure (p=0.0024), triglycer-
ides (p < 0.0001) and glycaemia (p < 0.0001), but not cho-
lesterol levels, were higher in the upper than in the lower

quintile of waist circumference distribution. With respect
to vascular disease, there were more patients with CAD
(»<0.0001) and fewer with stroke (p <0.0001) in the
highest quintiles of waist distribution. In contrast to
BMI, these patients more frequently had multiple vascular
bed disease (p < 0.0001) in the highest than in the lowest
quintile of waist distribution. Patients in the higher waist
quintiles received more medications than those in the lower
waist groups. Subjects with abdominal obesity were less
likely to achieve target blood pressure, triglycerides, and
glycaemia goals but more likely to reach cholesterol goals.

Relationship between BMl/waist circumference
and event rates

Figure 1 shows the age- and sex-adjusted event rates
across quintiles of BMI and waist circumference. The
rates of all-cause death (p trend <0.005), non-fatal
stroke (p<0.008), and cardiovascular death/MI/
stroke (p < 0.002) decreased across increasing BMI cat-
egories. The rates of all events (including rehospitaliza-
tion) rose from the first quintile to the third and then
decreased. In contrast, the rates of all-cause death
(p trend <0.05) and all events (p < 0.0007) rose between
the lowest and highest quintile of waist distribution.
There were no other statistically significant trends.

Adjusted HRs of the relationship between BMI/waist
circumference and event rates

Compared with the second quintile of BMI distribution
(which was used as a reference; HR defined as 1),
patients in the lowest quintile of BMI distribution
had a higher risk of all-cause death, cardiovascular
death, and cardiovascular death/MI/stroke (Table 2).
Increasing BMI was associated with decreasing trends
in all-cause death, cardiovascular death, non-fatal MI,
cardiovascular death/MI/stroke and all events (includ-
ing rehospitalization). In contrast, there were no asso-
ciations between increasing waist circumference and
adjusted HRs of any of these events.

Subgroup analyses for cardiovascular death/MI/
stroke are presented in Figure 2. There was no evidence
for heterogeneity between sex, age, ethnicity, smoking,
hypertension, hypercholesterolaemia, raised triglycer-
ides, and affected vascular bed groups. Results for addi-
tional end-points are presented in the supplementary
material online appendix.

Discussion

In the present study, we have analysed the relationships
between BMI and waist circumference with 2-year rates
of death, cardiovascular events, and rehospitalization in
19,579 diabetic patients with established vascular disease.
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12.1

10.1

53.6 55.2 56.3 <0.0001
24.1

49.3

41.1

ACE inhibitors

57.2

48.9

399

0.001
<0.0001
<0.0001
<0.0001
<0.0001

28.0

26.4

24.6

24.3

Angiotensin Il blockers

14.1
90.3

12.6

1.6
88.3

9.2
86.5
23.1

9.2
85.8

8.8 10.1 1.1 12.6 14.5
88.4

85.5

Other antihypertensives

88.6

91.4

87.7

87.0

Antidiabetics

30.4 35.8

27.4

23.5

25.3 26.3 30.2 373

23.1

Insulin

424
41.1

3838 41.6

35.6
45.1

31.7

34.8 395 40.8 433

311

Biguanides

41.3

44.7

44.8

433 42.0 413 0.0006
<0.0001
<0.0001

44.7

45.5

Sulphonylureas

Thiazol

11.4 15.5 16.9 19.7

10.8

11.2 13.8 16.5 24.2
9.9

1.6

9.5

9.3 9.0

9.8

14.6

8.7

9.1

14.4

Other

Values are means = SD or %. CAD, coronary artery disease; DBP, diastolic blood pressure; HBP, high blood pressure; PAD, peripheral arterial disease; Q, quintile; SBP, systolic blood pressure.

Greater BMI was associated with better prognosis
for all-cause death, cardiovascular death, and compos-
ite end-points including rehospitalization. In contrast,
waist circumference, a marker of visceral adiposity,
showed no association with outcomes. These results
extend the observation of an ‘obesity paradox’ to
diabetic patients and show that waist circumference
measurement does not predict vascular outcomes
reliably in diabetic patients with established vascular
disease.

BMI was inversely associated with age- and sex-
adjusted crude rates of death and cardiovascular
events (Figure 1). Adjustment for confounders attenu-
ated this association, suggesting that covariables such
as age, sex, smoking, risk factors, and treatment con-
tribute to the paradoxical prognosis in obese diabetic
subjects. Indeed, the characteristics of the subjects in
the highest quintiles of BMI distribution differed
greatly from those of the subjects in the lowest quin-

tiles. Similar differences between obese and lean
Two-year eventrate by BMI quintiles
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Figure |. Two-year event rates adjusted for age and sex
according to body mass index (A) and waist circumference
(B) quintiles in symptomatic and diabetic patients

CV, cardiovascular; Ml, myocardial infarction.
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Table 2. Hazard ratios and 95% Cl of events according to body mass index and waist circumference quintiles adjusted for age, sex, geographic area, smoking, hypertension,

hypercholesterolaemia, symptomatic, number of vascular beds, specialty, lipid-lowering agents, antihypertensive agents, antiplatelets, beta-blockers, oral antidiabetic agents, and insulin

for symptomatic and diabetic patients

Waist circumference quintiles (cm)?

Body mass index quintiles (kg/m?)

Q5

Q4

©8.1- Q3

96.0)

Q2

Ql

Q5

Q4

(2433- Q3
26.93)

Q2

Ql

(trend)

(111.9)

(103.1-111.8)

(96.1-103.0)

(88.0)

(29.44-33.06)  (33.07) (trend)

(26.94-29.43)

(24.32)

3623

3637

3821

3519

3886

3910

3912

3914

3931

3912

1.07 (0.88-1.30) 1.07 (0.88—1.31) 0.54

113 (0.93-1.36)

118 (0.97—1.43)
1.10 (0.86-1.39)
137 (1.00-1.88)

091 (0.71-1.18)

0.96 (0.80—1.15) 0.92 (0.76—1.11) 0.86 (0.71-1.05) <0.0001

0.96 (0.77-1.20) 0.84 (0.66—1.06) 0.97 (0.77-1.23)

138 (1.16-1.63)
1.35 (1.09-1.67)

All-cause death
CV death

1.00 (0.79-1.27) 0.87

1.04 (0.83-1.31) 0.96 (0.76-1.22)

1.07 (0.78—1.47)

0.0009
0.017
0.45

117 (0.86-1.60) 0.86 (0.62—1.21) 0.060

0.93 (0.69-1.25) 0.98 (0.73-1.30) 0.70 (0.51—1.95)

122 (0.91-1.63)
0.93 (0.72-1.21)

0.97 (0.75-1.24)

Non-fatal Ml

0.85 (0.65-1.12) 0.9 (0.76-1.30) 0.94 (0.71-1.25) 0.77

1,00 (0.86-1.17)

1,02 (0.79-1.33) 0.79 (0.59—1.06)

Non-fatal stroke

1.10 (0.86~1.18) 0.93 (0.79-1.10) 0.53

1.08 (0.92-1.27)
1.06 (0.96-1.17)

0.0004
0.002

0.92 (0.79-1.07) 0.89 (0.76-1.04) 0.82 (0.70-0.97)
0.96 (0.87-1.05) 0.92 (0.83-1.01) 0.83 (0.75-0.92)

117 (1.01-1.35)

CV death/Ml/stroke

0.99 (0.90-1.09) 0.97 (0.88-1.08) 0.90 (0.81-1.00) 0.061

1.01 (0.92-1.11)

CV death/Ml/stroke/

hospitalization
(all events)

Values are hazard ratios (95% Cl). CV, cardiovascular; HR, hazard ratio; MI, myocardial infarction; Q, quintile. *Missing data for waist circumference for 1093 patients.

patients have been reported in other databases report-
ing a paradoxical association between BMI and out-
comes in patients with established CAD.**** Overall,
our findings in diabetic patients do not differ markedly
from those of earlier studies in patients with hyperten-
sion® or in non-selected CAD patients.>* In the latter
studies, diabetes was an important confounder associ-
ated with both obesity and prognosis. Our results sug-
gest that diabetes is not likely to affect the relationship
in CAD patients.

Waist circumference is strongly correlated with
intra-abdominal adipose tissue and metabolic disorders
and, in the general population, is associated with CAD
events occurrence.”® In the present study, waist circum-
ference showed neither an inverse relationship with car-
diovascular event rates nor a positive relationship,
despite being associated with metabolic disorders such
as hypertriglyceridaemia, dyslipidaemia, and hyperten-
sion. Earlier studies that assessed the prognosis of CAD
patients in relation to waist girth or waist-to-hip ratio
have found mixed results: no associations were found
between waist girth and outcomes in some®”** but not
all?*-*" studies.

Several hypotheses have been proposed to explain
the inverse association between BMI and cardiovascu-
lar events. From a pathophysiological point of view,
there is no doubt that adipose tissue accumulation trig-
gers an inflammatory response that is responsible for
altered lipid and glucose metabolism and vascular
damage. In the general population, BMI and waist cir-
cumference are convenient surrogate measures of body
fat, but this may not be the case (particularly for BMI)
in patients with established CAD. Indeed, sarcopenia,
muscle wasting, and inanition are associated with
reduced BMI and poor prognosis and may be more
common in older patients with established atheroscle-
rosis.” It has also been proposed that patients with
higher BMI have a greater metabolic reserve that pro-
tects them from complications in the context of heart
failure. Finally, given their worse cardiometabolic risk
profile, obese subjects may be more likely to receive
care, as suggested by the larger proportion of obese
subjects receiving cardiovascular treatment. Although
statistical adjustments were performed, the likelihood
of residual confounding effects in this observational
study is not negligible. Furthermore, the differences in
baseline characteristics could hamper the possibility of
comparing the prognosis. Even if statistical adjustments
were used to control confounders, the likely residual
effect is important.

The present study has various strengths and limita-
tions. The REACH Registry is a large cohort of
19,579 diabetic patients with atherothrombosis receiv-
ing contemporary therapies. However, given its obser-
vational design, no causal inference can be drawn from
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Figure 2. Hazard ratios and 95% confidence intervals for cardiovascular death/myocardial infarction/stroke per one standard
deviation increase in body mass index or waist circumference CAD, coronary artery disease; HBP, high blood pressure; PAD,

peripheral arterial disease; TG, triglycerides.

the conclusions. The 2-year follow-up rate was high,
with data collected from >95% of patients, with no
noticeable dropout. However, 2 years is a relatively
short time period, and with much longer follow-up a
relationship may have emerged between waist circum-
ference and adverse ischaemic outcomes. Most patients
were receiving recommended treatments in line with cur-
rent guidelines for diabetes care, but less than half
reached treatment goals for glycaemia. However, as
with most observational studies, the baseline character-
istics of the subjects were not matched. Changes in body
weight after the index event were not recorded, making it
impossible to assess potential effects of weight change
(intentional or unintentional) on prognosis.

The clinical implications of these findings are that
BMI and waist measurements cannot be used as simple
markers to assess the risk of future complications in
diabetic patients with established vascular diseases.
Additionally, pharmacotherapies that are designed to
decrease weight should not be assumed to reduce clinical
cardiovascular events. Furthermore, owing to the possi-
bility of residual confounders, one should not conclude
that weight reduction is unnecessary or harmful in
diabetic patients with established coronary heart

disease. Intentional weight loss is associated with an
improvement in cardiovascular risk profile and better
long-term prognosis in obese subjects and diabetic
patients with coronary heart disease.
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