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Background The relationship between body mass index (BMI) and mortality in patients with established arterial disease
remains controversial.

Methods FRENA is an ongoing, observational registry of consecutive outpatients with coronary artery disease (CAD),
cerebrovascular disease, or peripheral artery disease (PAD). We examined the prognostic importance of accepted BMI
categories on outcome among patients in the FRENA registry.

Results In April 2008, 2274 patients (mean age, 66 years) had been enrolled, of whom 14 (0.6%) were underweight;
533 (23%) normal; 1051 (46%) overweight; and 676 (30%) were obese. Over a mean follow-up of 14 months, the incidence
of major cardiovascular events (myocardial infarction, ischemic stroke, or critical limb ischemia) per 100 patient-years was:
7.1 [95% confidence interval (Cl): 0.4-35]; 11 (95% CI: 8.4-14); 6.9 (95% Cl: 5.6-8.5); and 8.5 (95% CI: 6.6—11), respectively.
Their cardiovascular mortality was: 7.1 (95% ClI: 0.4-35); 4.1 (95% CI: 5.9-11); 1.3 (95% CI: 0.9-2.3); and 1.5 (95% CI: 1.4-
3.5), respectively. On multivariate analysis, the hazard ratio for cardiovascular mortality was: 2.2 (95% CI: 0.3-17); 1.0
(reference); 0.37 (95% CI: 0.20-0.69); and 0.37 (95% CI: 0.18-0.73), respectively. Survival benefit was only found in patients
with CAD or PAD. Weight loss had little influence on outcome.

Conclusion Patients with CAD or PAD (not those with cerebrovascular disease) have an inverse correlation between BMI
and cardiovascular mortality, even after adjusting for confounding variables. Eur J Cardiovasc Prev Rehabil 16:457-463 ©
2009 The European Society of Cardiology
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Introduction obesity is usually associated with an increased risk of
The relationship between body mass index (BMI) and coronary artery disecase (CAD), heart failure, and death
mortality remains controversial. In the general population, [1-6]. Hence, current guidelines for the secondary

prevention of CAD from the American College of
Cardiology/American Heart Association recommend weight
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between BMI and mortality. Moreover, there is little
information on the influence of BMI on outcome in
patients with cerebrovascular disease (CVD) or peri-
pheral artery disease (PAD).

The FRENA (Factores de Riesgo y ENfermedad Arterial)
registry was initiated in March 2003 to prospectively
record the current clinical management and outcome of
outpatients with established artery disease in Spanish
hospitals [19,20]. It is an ongoing, multicenter, observa-
tional registry designed to gather and analyze data
on treatment patterns and outcomes in consecutive
outpatients with symptomatic ischemic disease in the
heart, brain, and/or major peripheral arteries. Given the
uncertain role of BMI in the clinical management of these
patients, we examined the prognostic importance of
accepted BMI categories on outcome among patients in
the FRENA registry.

Patients and methods

Inclusion criteria

Participating hospitals in the FRENA registry prospec-
tively enroll consecutive outpatients with symptomatic
artery disease meeting at least one recent ( <3 months
before enrollment) episode of CAD (manifesting as
angina or acute coronary syndrome); CVD (manifesting
as transient ischemic attack or ischemic stroke); or PAD
(either intermittent claudication with an ankle—brachial
index < 0.9, or previous vascular intervention, or limb
amputation for PAD). The Fontaine classification was
used for categorization of PAD [21]. All patients provided
oral consent to their participation in the registry,
according to the requirements of the ethics committee
within each hospital.

Study design

As recommended by the World Health Organization,
patients were categorized as underweight (BMI < 18.5),
normal weight (BMI 18.5-24.9), overweight (BMI 25.0-30),
or obese (BMI > 30). Weight and height were measured
at baseline. Patients with normal weight were used as
reference, and their mortality rate was compared with
that in the other three groups. The primary outcome was
to compare the incidence of major cardiovascular events
(i.e. acute myocardial infarction, ischemic stroke, or
critical limb ischemia), cardiovascular death, or overall
mortality among BMI subgroups. The secondary outcome
was to compare the incidence of major cardiovascular
events or death according to changes in body weight
during follow-up.

Definitions
Death was classified as cardiovascular when appearing
within 15 days after the onset of signs or symptoms of

a major cardiovascular event, or because of progressive
heart failure, fatal arrhythmias, ruptured aneurysm, pulmon-
ary embolism, or sudden death. Major cardiovascular events
were defined as the composite outcome of myocardial
infarction, ischemic stroke, critical limb ischemia, or
cardiovascular death. Myocardial infarction was defined
as a transient increase of CK-MB or troponin in
combination with ischemic symptoms and/or typical
electrocardiogram signs (development of pathologic
Q-waves or ST-segment elevation or depression). Is-
chemic stroke was diagnosed if the patient had an
appropriate clinical event not resolving completely within
24 h, and had a brain computed tomography or magnetic
nuclear resonance that showed a compatible low-density
lesion or was normal, or had findings compatible with
hemorrhagic conversion of a cerebral infarct. Critical limb
ischemia was considered in patients with intermittent
claudication when presenting symptoms at rest (Fontaine
stages III or IV). In PAD patients with stage III or 1V,
critical limb ischemia was considered when amputation
was needed.

Weight change was predefined as weight gain or weight loss
from baseline of greater than 0.1 kg per baseline BMI-unit.
Consequently, for a patient with a BMI of 25kg/m?* a
change of greater than =+ 2.5kg was categorized as weight
change [22]. This corresponds to 3-3.5% change in total
body weight. Patients were accordingly divided into three
groups with regard to weight change: weight loss, weight
stability, and weight gain.

Follow-up

A detailed history was performed on all patients at study
entry (<3 months after an acute ischemic episode).
Comorbid conditions were characterized, including a
history of CAD, CVD or PAD, diabetes mellitus,
hypertension, hyperlipidemia, chronic lung disease,
chronic heart failure, cancer, and smoking status. Then,
physical examination was performed comprising weight,
height, heart rate, and blood pressure on standard
conditions, after 5min of rest. An electrocardiogram was
also recorded. After the initial visit, all patients were
followed-up at 3-month intervals for at least 12 months.
At these visits, medical history and data from physical
examination were recorded, with special attention to risk
factors; laboratory tests; lifestyle habits; the type, dose,
and duration of treatment received; and clinical out-
come. Standard enzymatic methods were used for serum
total cholesterol, high-density lipoprotein cholesterol and
triglycerides, and plasma glucose concentrations. Low-
density lipoprotein cholesterol concentration was calcu-
lated using the Friedewald formula [23]. Creatinine
clearance (CrCl) levels were measured according to the
Cockcroft and Gault formula [24]. Physicians are allowed
to use any and all appropriate medications, as dictated by
their usual clinical practice patterns.
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Statistical analysis

For this analysis, BMI groups were compared with the
normal BMI (control) group. Incidence rates were
calculated as both cumulative incidence and as person-
time (events/100 patient-years). Categorical variables
were compared using the ¥° test. Odds ratios and
corresponding 95% confidence intervals were calculated.
Associations between BMI and mortality were assessed
using the multivariate Cox proportional hazards regres-
sion model, in which age, chronic heart failure, diabetes,
smoking habit, earlier history of arterial disease, heart
rhythm, CrCl levels, cancer, and drug therapy were
adjusted as confounding factors. Statistical analyses were
conducted with SPSS for Windows Release 12.5 (SPSS
Inc., Chicago, Illinois, USA).

Results

As of April 2008, a total of 2274 patients had been
enrolled in FRENA in 24 participating Spanish hospital
centers, of whom 14 (0.6%) were underweight, 533 (23%)

Table 1 Clinical characteristics of the patients, according to their BMI

normal weight, 1051 (46%) overweight, and 676 (30%)
were obese. Mean age was 66 *= 11 years, and 1887
patients (83%) were more than 55 years. Underweight
patients were more frequently smokers, had cancer and
intermittent claudication more often, but had diabetes
less often than those with normal weight (Table 1). By
contrast, overweight and obese patients had diabetes
or hypertension more frequently, and higher levels of CrCl
or serum triglycerides. Moreover, the obese were less often
males and received diuretics, B-blockers, angiotensin 11
antagonists, calcium antagonists, statins, or antidiabetics
more frequently than those with normal weight.

Over a mean follow-up of 14 months (range, 2—42 months),
there were 220 major cardiovascular events in 208 patients
(9.1%): 57 (2.5%) had an acute myocardial infarction, 64
(2.8%) an acute ischemic stroke, and 99 (4.4%) acute limb
ischemia (39 underwent limb amputation). Patients with
overweight or obesity had a lower incidence of critical
limb ischemia, but the incidence of myocardial infarction

<185 18.5-24.9 25-30 >30
Patients (N) 14 533 1051 676
Number of visits (mean + SD) 4120 4.2%+2.0 45+2.4% 45%2.3%
Clinical characteristics
Mean age (years + SD) 71+16 67+12 66+11 66+11
Sex (males) n (%) 10 (71) 400 (75) 812 (77) 445 (66)**
Mean BMI (£ SD) 17 £ 1.0%** 23+1.6 27 £ 1.4%%* 33+ 3.1%**
Waist circumference (cm £ SD) 75+ 16* 89+8.1 98+ 7.1%** 108 +9.8%:#*
Underlying diseases
Cancer, n (%) 3 (21)* 38 (7.1) 60 (5.7) 24 (3.6)**
Hypertension, n (%) 5 (36) 308 (58) 711 (68)*** 514 (76)***
Diabetes mellitus, n (%) 1(7.1)* 170 (32) 411 (39)** 315 (47)***
Current smoking, n (%) 8 (57)** 114 (21) 198 (19) 86 (13)***
Clinical presentation
Angina, n (%) 0 46 (8.6) 117 (11) 100 (15)**
Myocardial infarction, n (%) 4 (29) 134 (25) 292 (28) 172 (25)
Ischemic stroke, n (%) 0 115 (22) 267 (25) 158 (23)
Transient ischemic attack, n (%) 0 36 (6.8) 76 (7.2) 60 (8.9)
PAD Fontaine stage Il, n (%) 9 (64)** 157 (28) 238 (23)* 154 (23)
PAD Fontaine stage Ill, n (%) 0 24 (4.5) 36 (3.4) 15 (2.2)*
PAD Fontaine stage IV, n (%) 1(7.1) 29 (5.4) 39 (3.7) 22 (3.3)
Physical examination
Sinus rhythm, n (%) 11 (79) 479 (90) 928 (88) 588 (87)
Mean SBP levels (mmHg) 128+£19 134+£18 137 £26* 139 £ 17%%*
Mean DBP levels (mmHg) 70+£9.7 73+£9.8 754 Q.1 %** 77 £9.4%%*
Mean laboratory levels
CrCl (ml/min) 43+ 26* 58+ 22 71+ 25%** 82+ 32%**
Total cholesterol (mg/dl) 182+23 184 +37 181137 183+35
HDL-cholesterol (mg/dl) 51+13 48+ 14 46 £13** 46 £13**
LDL-cholesterol (mg/dl) 110+ 21 111 £31 109+ 30 109+30
Glucose (mg/dl) 99+19 116142 119+39 123 +£38%**
Triglycerides 95+34 124+80 136+88* 147 £ 77%%*
Drugs
Diuretics, n (%) 2 (14) 184 (34) 380 (36) 320 (47)***
Beta-blockers, n (%) 2 (14) 187 (35) 407 (39) 282 (42)*
ACE-inhibitors, n (%) 2 (14)* 218 (41) 517 (49)** 312 (46)
Angiotensin-ll antagonists, n (%) 1(7.1) 127 (24) 295 (28) 278 (41)%**
Calcium antagonists, n (%) 3 (21) 107 (20) 264 (25)* 219 (32)***
Antiplatelets, n (%) 13 (93) 484 (91) 942 (90) 620 (92)
Anticoagulants, n (%) 1(7.1) 72 (14) 167 (16) 104 (15)
Statins, n (%) 5 (36)* 376 (71) 815 (76)** 532 (79)**
Insulin, n (%) 0 68 (13) 139 (13) 126 (19)**
Oral antidiabetics, n (%) 1(7.1) 108 (20) 295 (28)** 220 (83)***

ACE, angiotensin-conversive enzyme; BMI, body mass index; CrCl, creatinine clearance; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; PAD, peripheral artery disease; SBP, systolic blood pressure; SD, standard deviation. Comparisons between patients: *P<0.05; **P<0.01; ***P<0.001.
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Table 2 Clinical outcomes according to BMI?

<185 18.5-24.9 25-30 >30
All patients (N) 14 533 1051 676
Follow-up (years) 14 565 1243 803
Myocardial infarction 0 2.9 (1.7-4.5) 1.9 (1.2-2.8) 3 (1.4-3.6)
Acute ischemic stroke 0 2.5 (1.4-4.1) 2.3 (1.5-3.2) 8 (1.8-4.1)
Critical limb ischemia 0 6.7 (4.8-9.2) 3.1 (2.2-4.2)%%** 0 (2.0-4.4)**
Major CV events 1 (0.4-35) 11 (8.4-14) 6.9 (5.6—8.5)** 8.5 (6.6—11)
Cardiovascular death 7.1 (0.4-35) 4.1 (2.6-6.0) 1.5 (0.9-2.3)%*** 5 (0.8-2.5)**
Overall death 14 (2.4-47) 8.0 (5.9-11) 3.1 (2.3—4.2)%** 2 (1.4-3.5)%**
CAD patients (N) 4 179 404 272
Follow-up (years) 2.6 187 501 347
Myocardial infarction 0 4.9 (2.4-9.0) 2.4 (1.3-4.1) 3.9 (2.2-6.5)
Acute ischemic stroke 0 1.1 (0.2-3.6) 0.8 (0.3-1.9) 0.6 (0.1-1.9)
Critical limb ischemia 0 2.2 (0.7-5.2) 0 2 (0.01-1.0)* 0.3 (0.01-1.4)*
Major CV events 38 (1.9-190) 8.2 (4.7-13) 0 (2.5-6.1)* 5.8 (3.6-8.9)
Cardiovascular death 38 (1.9-190) 4.8 (2.3-8.8) 1.6 (0.7-3.0)* 1.1 (0.4-2.8)**
Overall death 38 (1.9-190) 8.0 (4.7-13) 2.6 (1.4-4.3)** 1.4 (0.5-8.2)%**
CVD patients (N) 0 149 333 209
Follow-up (years) 0 175 406 260
Myocardial infarction 0 0 0.8 (0.2-2.0) 4 (0.02-1.9)
Acute ischemic stroke 0 1(1.8-8.1) 3.5 (2.0-5.8) 6 (3.2-9.1)
Critical limb ischemia 0 2.3 (0.7-5.6) 1.0 (0.3-2.4) 4 (0.02-1.9)*
Major CV events 0 6.5 (3.4-11) 5.4 (3.4-8.0) 7 (4.1-11)
Cardiovascular death 0 2.3 (0.7-5.5) 1.0 (0.3-2.4) 3 (0.9-4.8)
Overall death 0 2.9 (1.1-6.4) 3.0 (1.6-5.0) 1 (1.4-5.8)
PAD patients (N) 10 206 318 196
Follow-up (years) 11 204 339 202
Myocardial infarction 0 5 (1.5-6.9) 2.4 (1.1-4.6) 0 (0.6-4.9)
Acute ischemic stroke 0 5 (0.9-5.5) 3.0 (1.5-5.4) 0 (1.2-6.3)
Critical limb ischemia 0 5 (10-22) 10 (7.2-14) 2 (7.4-17)
Major CV events 0 8 (13-25) 13 (9.8-18) 6 (11-22)
Cardiovascular death 0 4 (2.8-9.4) 1 (0.9-4.1)* 0 (0.2-3.3)**
Overall death 8.8 (0.4-43) 3 (8.5-18) 4.1 (2.4—-6.8)*** 5 (0.9-5.5)%**

BMI, body mass index; CAD, coronary artery disease; CV, cardiovascular; CVD, cerebrovascular disease; PAD, peripheral artery disease. ®Incidence of events per 100
patient-years. Comparisons between patients: *P<0.05; **P<0.01; ***P<0.001.

Table 3 Causes of death according to BMI

<185 18.5-24.9 25-30 >30

All patients (N) 14 533 1051 676
Cardiovascular death, n (%) 1(7.1) 23 (4.3) 20 (1.9) (1.8)

Fatal myocardial infarction, 0 8 (1.5) 3 (0.3) 0

n (%)

Fatal ischemic stroke, n (%) 0 (0. 2 (0.2) 6 (0.9)

Fatal critical limb ischemia, 0 6 (1.1) 1 (0.1) 0

n (%)

Heart failure, n (%) 1(7.1) 0 6 (0.6) 4 (0.6)

Sudden death, n (%) 0 2 (0.4) 4 (0.4) 2 (0.3)

Ruptured aneurysm, n (%) 0 0 3 (0.3) 0

Arrhythmia, n (%) 0 3 (0.6) 0 0

Pulmonary embolism, n (%) 0 1(0.2) 1(0.1) 0
Noncardiovascular death, n (%) 1 (7.1) 22 (4.1) 19 (1.8) 6 (0.9)

Disseminated cancer, n (%) 1(7.1) 9 (1.7) 6 (0.6) 3 (0.4)

Infection, n (%) 0 4 (0.8) 4 (0.4) 0

Bleeding, n (%) 0 1(0.2) 1 (0.1) 1 (0.1)

Chronic lung disease, n (%) 0 2 (0.4) 1 (0.1) 0

Unknown, n (%) 0 4 (0.8) 5 (0.5) 2 (0.3)

Other, n (%) 0 2 (0.4) 2 (0.2) 0
Overall death, n (%) 2 (14) 45 (8.4) 39 (3.7) 18 (2.7)
BMI, body mass index.
or stroke was similar (Table 2). Overall, 104 (4.6%)

patients died (56 had cardiovascular death). Those with
overweight or obesity had a significantly lower mortality
(either cardiovascular or overall death) than those with
normal weight. Interestingly, any survival benefit was only
found in patients with CAD or PAD, not in those with

CVD. Most of the reported causes of death were less
frequent as BMI raised (Table 3).

On univariate analysis, age more than 70 years, BMI,
diabetes, atrial fibrillation, renal insufficiency, and the
use of some drugs, were significantly associated with
an increased cardiovascular mortality (Table 4). On multi-
variate analysis, only BMI, diabetes, renal insufficiency, and
the use of anticoagulants (instead of antiplatelets) were
independently associated with an increased incidence of
cardiovascular death (Table 5). In contrast, the use of
B-blockers was associated with a lower incidence.

During follow-up, 124 patients (5.5%) gained weight,
2055 (90%) remained stable, and 95 (4.2%) lost weight.
Neither the incidence of major cardiovascular events nor
the mortality was significantly different between patients
who gained or lost weight, as shown in Table 6.

Discussion

Our data, obtained from a prospective series of
consecutive outpatients with CAD, CVD, or PAD in the
FRENA registry, reveal that those with overweight or
obesity had a similar incidence of major cardiovascular
events but a less than half cardiovascular mortality
compared with patients with normal weight. This
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Table 4 Univariate analysis on the risk of cardiovascular death

CV death, n (%) No CV death, n (%) QOdds ratio (95% Cl) P value
Patients (V) 55 2219
Clinical characteristics
Age >70 years 38 (69) 869 (39) 3.5 (1.9-6.2) <0.001
Sex (males) 37 (67) 1630 (74) 0.7 (0.4-1.3) NS
BMI, 18.5-24.9 (reference) 23 (42) 510 (23) -
<18.5 1(1.8) 13 (0.6) 1.7 (0.2-10) NS
25-30 19 (35) 1032 (47) 0.4 (0.2-0.8) 0.003
>30 12 (22) 664 (30) 0.4 (0.2-0.8) 0.009
Underlying diseases
Cancer 5 (9.1) 120 (5.4) 1.7 (0.7-4.5) NS
Diabetes 32 (58 865 (39) 2.2 (1.3-3.7) 0.004
Currently smoking 4 (7.3) 402 (18) 0.4 (0.1-0.98) 0.038
Initial clinical presentation
Coronary artery disease 22 (40) 837 (38) 1.1 (0.6-1.9) NS
Cerebrovascular disease 14 (26) 677 (31) 0.8 (0.4-1.4) NS
Peripheral artery disease 20 (36) 710 (32) 1.2 (0.7-2.1) NS
Physical examination
Sinus rhythm 43 (78) 1963 (91) 0.4 (0.2-0.7) 0.002
Mean SBP levels >140 mmHg 17 (31) 878 (40) 0.7 (0.4-1.2) NS
Mean DBP levels >90 mmHg 4 (7.3) 131 (5.5) 1.4 (0.5-3.8) NS
Mean laboratory levels,
Creatinine clearance <60 ml/min 41 (77) 767 (36) 6.1 (3.2-12) <0.001
Total cholesterol >190 mg/dl 18 (35) 840 (39) 0.8 (0.5-1.4) NS
LDL-cholesterol >100 mg/d| 28 (61) 1219 (60) 1.0 (0.6-1.9) NS
Drugs
Diuretics 32 (58) 854 (38) 2.2 (1.3-3.8) 0.003
Beta-blockers 12 (22) 866 (39) 0.4 (0.2-0.8) 0.010
ACE-inhibitors 24 (44) 1025 (46) 0.9 (0.5-1.5) NS
Angiotensin-ll antagonists 18 (33) 683 (31) 1.1 (0.6-1.9) NS
Calcium antagonists 17 (31) 576 (26) 1.3 (0.7-2.3) NS
Antiplatelets 45 (82) 2014 (91) 0.5 (0.2-0.9) 0.025
Anticoagulants 20 (36) 324 (15) 3.3 (1.9-5.9) <0.001
Statins 37 (67) 1691 (76) 0.6 (0.4-1.1) NS
Insulin 12 (22) 321 (15) 1.7 (0.9-3.2) NS
Oral antidiabetics 15 (27) 609 (27) 1.0 (0.5-1.8) NS

ACE, angiotensin-conversive enzyme; BMI, body mass index; Cl, confidence intervals; CrCl, creatinine clearance; CV, cardiovascular; DBP, diastolic blood pressure;

LDL, low-density lipoprotein; NS, non significant; SBP, systolic blood pressure.

Table 5 Multivariate analysis (Cox-regression model) on the risk
of cardiovascular death

Hazard ratio (95% CI) P value

Patients (V)
Clinical characteristics

BMI 0.036

18.5-24.9 Reference -

<18.5 2.2 (0.3-17) 0.468

25-30 0.4 (0.2-0.8) 0.008

>30 0.5 (0.2-1.1) 0.078
Underlying diseases

Diabetes 2.0 (1.1-3.6) 0.020
Mean laboratory levels

Creatinine clearance <60 ml/min 3.1 (1.6-6.3) 0.001
Drugs

Beta-blockers 0.4 (0.2-0.8) 0.008

Anticoagulants 2.1 (1.1-8.7) 0.018

BMI, body mass index; Cl, confidence intervals.

reduction was only found in patients with CAD or PAD,
and persisted after multivariate adjustment. The improved
outcome of the obese observed in our study cannot
be explained by an excess mortality in underweight
patients, as they were considered separately. Current
guidelines for the management of CAD, CVD, or PAD
recommend weight loss for all overweight and obese
patients [7,25-27]. Given the higher survival rates

observed among CAD or PAD patients with higher BMI
in our cohort, recommendations for weight management
may not apply for such patients.

Obesity is a known risk factor for hypertension, diabetes
mellitus, and high serum cholesterol levels, and
an important component of the metabolic syndrome
[28-30]. All these factors are associated with an increased
risk for stroke or myocardial infarction. However,
a number of cohort studies consistently found that
overweight and obese patients with CAD have a better
survival [10-17]. This inverse correlation between BMI
and death has been coined as the ‘obesity paradox’, and
up to now it has been reported only in patients with CAD
[10]. Unfortunately, there is scarce information on the
association between BMI and outcome in patients with
CVD or PAD [31,32].

The underlying pathophysiology of the obesity paradox is
not known. We found these patients to have hypertension
or diabetes more often than those with normal weight,
thus suggesting that they were more likely to be a target
of aggressive control of diabetes or hypertension because
of their obesity itself. In fact, they received B-blockers,
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Table 6 Clinical outcome according to baseline BMI and changes

in body weight during follow-up

All patients <18.5 18.56-24.9 25-30 >30
All patients (N) 2274 14 533 1051 676
Weight gain 124 4 67 37 16
Stable 2055 10 455 968 622
Weight loss 95 0 11 46 38
Weight gain and major CV events, n (%) 9 (7.3) 0 3 (4.5) 4 (11) 2 (12)
Stable and major CV events, n (%) 187 (9.1) 1 (10) 54 (12) 71 (7.3) 61 (9.8)
Weight loss and major CV events, n (%) 12 (13) 0 2 (18) 8 (17) 2 (5.3)
Weight gain and CV death, n (%) 1(0.8) 0 0 1(2.7) 0
Stable and CV death, n (%) 54 (2.6) 1(10) 23 (5.1) 18 (1.9) 12 (1.9)
Weight loss and CV death, n (%) 1(1.1) 0 0 1(12) 0
Weight gain and overall death, n (%) 1(0.8) 0 0 1(2.7) 0
Stable and overall death, n (%) 97 (4.7) 1 (10) 44 (9.7) 33 (3.4) 18 (2.9)
Weight loss and overall death, n (%) 6 (6.3) 0 1(9.1) 5 (11) 0

BMI, body mass index; CV, cardiovascular.

angiotensin-II antagonists, or statins more frequently.
They also had cancer less often, and were more
frequently nonsmokers, and their renal function levels
were better. Differences in their coronary anatomy [33],
or the high cardiac output, expanded blood volume, and
lower systemic vascular resistance often found in the
obese may also influence their outcome [17]. However,
from the clinical standpoint, the main question is not
whether BMI is associated with higher mortality but
whether weight loss (or maintaining a normal weight)
can decrease cardiovascular mortality in patients with
established arterial disease.

Although no prospective studies to date show that
intentional weight loss increases survival, strong evidence
indicates that weight loss in overweight and
obese individuals reduces risk factors for diabetes and
cardiovascular disease [25]. However, some recent
studies suggest that weight loss may be associated with
an increased noncancer-related mortality, both in healthy
but overweight men [34] and in patients with acute
myocardial infarction or stable CAD [22]. Unfortunately,
given the small percentage of patients who experienced
weight changes, our study was not adequately powered to
detect significant differences in the incidence of major
cardiovascular events or mortality between subgroups
during a 14-month follow-up.

The FRENA registry provides insights into the natural
history of artery disease with an unselected patient
population, in contrast to the rigorously controlled
conditions of randomized clinical studies. It can, there-
fore, help to identify factors associated with better
or worse patient outcomes, and provide feedback from
real-world clinical situations which may be valuable when
designing new randomized clinical studies. Despite our
efforts to control any bias from underlying diseases,
it is likely that we were unable to eliminate such
bias completely. Thus, the increased mortality associated
with underweight in this study may reflect preexisting,
unrecognized, disease processes, even after making

careful exclusions. Another limitation of this study lies
on the likely underestimated incidence of cardiovascular
death. Certainly, the death at home of some patients
reported to be of ‘unknown cause’ may have been
because of unrecognized cardiovascular death. However,
as the incidence of most causes of death decreased
as BMI increased, it is unlikely that this could
have influenced our conclusions. Finally, as most patients
in our series were men, older than 55 years, we do not
know whether our conclusions may apply to other
subgroups of patients.

This study also has several strengths. To the best of
our knowledge, this is the first time the prognostic
importance of BMI has been assessed in a large study
of patients with CAD, CVD, or PAD. The measurement
of body weight at regular intervals during follow-up
may have better reflected changes in BMI after
a cardiovascular event. Moreover, we did not exclude
patients with underlying diseases, recent weight loss, or
smoking history. In summary, our findings reveal that
overweight and obese patients with CAD or PAD (but not
those with CVD) have less than half the mortality when
compared with normal BMI patients. This reduction in
mortality rates was consistent and persisted after multi-
variate adjustment.
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