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Objective: Overweight and obesity are often assumed to be risk factors for postprocedural mortality in patients with
coronary artery disease (CAD). However, recent studies have described an “obesity paradox” —a neutral or beneficial
association between obesity and mortality postcoronary revascularization. We reviewed the effect of overweight and

obesity systematically on short- and long-term all-cause mortality post-coronary artery bypass grafting (CABG) and

post-percutaneous coronary intervention (PCI).

Methods: We searched the Cochrane Central Register of Controlled Trials, MEDLINE, EMBASE, Scopus, and Web

of Science to identify cohort, case control, and randomized controlled studies evaluating the effect of obesity on
in-hospital/short-term (within 30 days) and long-term (up to 5 years) mortality. Full-text, published articles reporting
all-cause mortality between individuals with and without elevated BMI were included. Two reviewers independently
assessed studies for inclusion and performed data extraction.

Results: Twenty-two cohort publications were identified, reporting results in ten post-PCl and twelve post-CABG
populations. Compared to individuals with non-elevated BMI levels, obese patients undergoing PCI had lower
short- (odds ratio (OR) 0.63; 95% confidence interval (Cl) 0.54-0.73) and long-term mortality (OR 0.65; 95%

Cl 0.51-0.83). Post-CABG, obese patients had lower short-term (OR 0.63; 95% CI 0.56-0.71) and similar long-term
(OR 0.88; 95% CI 0.60-1.29) mortality risk compared to normal weight individuals. Results were similar in overweight

patients for both procedures.

Conclusions: Compared to non-obese individuals, overweight and obese patients have similar or lower short- and
long-term mortality rates postcoronary revascularization. Further research is needed to confirm the validity of these

findings and delineate potential underlying mechanisms.

Obesity (2008) 16, 442-450. doi: 10.1038/0by.2007.36

INTRODUCTION

Obesity is a highly and increasingly prevalent chronic condi-
tion associated with significant morbidity and mortality (1).
Overweightand obese individualsareat greater risk for develop-
ing coronary artery disease (CAD), primarily as a consequence
of obesity-related conditions such as diabetes, hypertension,
and dyslipidemia (2). Accordingly, coronary revascularization
is commonly performed in patients with increased BMI. Of
the 197,105 isolated primary coronary artery bypass grafting
(CABG) procedures performed nationally in the United States
from 1997 to 2000, 31% were performed in moderately or
severely obese individuals (BMI > 35kg/m?) (3). Furthermore,
in a large, population-based registry >95,000 angioplasty

procedures in New York State, 43 and 24% of procedures were
performed in overweight (BMI 25.0-29.9kg/m?) and obese
individuals (BMI > 30kg/m?), respectively (4). It is likely that
the number of obese and overweight individuals undergoing
such procedures will increase substantially in the future.
Although the association between excess adiposity and cardio-
vascular risk in the general population has been well established
(1), the impact of overweight and obesity on mortality in patients
with established CAD remains controversial and requires fur-
ther investigation. Obesity is also often assumed to be a risk
factor for postoperative morbidity/mortality following CABG
and percutaneous coronary intervention (PCI) (5) because obe-
sity predisposes toward chronic CAD, postprocedural wound
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complications (6), 30-day readmission (7), and increased hos-
pital length of stay (7). However, recent studies have described
an “obesity paradox” in patients undergoing PCI or CABG,
reporting similar or lower postoperative mortality rates in
obese patients compared to patients of normal weight (8-11).
If valid, these provocative findings may have important clinical
implications, as it can be legitimately questioned whether or not
overweight or obese patients should be counseled to lose weight
before a revascularization intervention. This systematic review
was conducted to further explore the association between
increased adiposity and postoperative all-cause mortality.

METHODS

Search strategy

Detailed search strategies were designed with the help of a medical
librarian to identify randomized controlled trials and observational
studies evaluating the effect of overweight and obesity on postoperative
mortality following PCI and CABG. A full search strategy is available
upon request. The Cochrane Central Register of Controlled Trials (1900
to August 2006), MEDLINE (1966 to August 2006), EMBASE (1988 to
August 2006), Scopus (1966 to August 2006), and Web of Science (1900
to August 2006) were searched, reference lists of primary studies and
review articles were reviewed, and three experts in the field were con-
tacted. No language or age restrictions were applied.

Inclusion and exclusion criteria

Studies were required to separately report mortality in obese and nor-
mal weight patients using BMI categories. A priori, we knew that not
all studies would use the traditional World Health Organization BMI
classification system of 18.5-24.9, 25.0-29.9, and >30.0kg/m? for nor-
mal, overweight, and obesity, respectively. Therefore, to avoid elimi-
nating studies with important information we considered BMI levels
within 2kg/m? of standard categories to be acceptable. However, studies
comparing obese and non-obese (i.e., normal and overweight patients
grouped together) were excluded unless outcomes in the normal weight
population alone could be ascertained. Articles were also excluded if
the total number of deaths was <5, the citation was a review or duplicate
article, and if the study was published only in abstract form.

Outcomes

The primary outcome was all-cause mortality. As different factors
may influence mortality in the immediate postoperative period vs. the
long-term, we analyzed in-hospital/short-term (<30 days) and longer
term mortality separately. When studies reported mortality at two or
more time intervals, the longest follow-up period was used for analysis.
A priori, we planned a subgroup analysis examining the effect of mod-
erate and/or severe obesity (BMI = 35kg/m?) on mortality.

Trial selection and data extraction

One author (A.O.) pre-screened the search results to remove citations
that were clearly not relevant. Two reviewers (A.O. and R.P.) independ-
ently reviewed the remaining citations and performed data extraction.
Cohen’s Kappa coefficients were calculated to assess inter-observer
agreement for study inclusion and data extraction. Disagreements
were resolved through consensus. Reviewers were not blinded to the
authors’ names and institutions, journal of publication, or study results.
When necessary, additional data were requested from the primary
study authors. Study quality was assessed using the Ottawa-New Castle
Assessment Scale for observational studies (12).

Data analysis
PCI and CABG procedures were analyzed separately. Odds ratios (ORs)
and 95% confidence intervals (CIs) were calculated using RevMan

OBESITY | VOLUME 16 NUMBER 2 | FEBRUARY 2008

EPIDEMIOLOGY

(version 4.2.8) using a random effects model. If obesity was subclas-
sified as “mild)” “moderate,” and “severe,” results were collapsed into
a single “obese” category for the primary analysis. Heterogeneity was
examined using the Higgins I* test (13). Roughly, Higgins I* values of
25, 50, and 75% can be interpreted as indicating low, moderate, and
high heterogeneity.

RESULTS

Of the 3,477 initial citations, 262 were potentially relevant
upon initial screening, 49 were potentially appropriate for
inclusion, and 22 met final inclusion criteria (Figure 1). Inter-
observer agreement was 0.9 for study inclusion and 0.82 for
data extraction.

No randomized controlled trials (RCTs) evaluating the
effects of pre-revascularization weight change on postpro-
cedural mortality were found. Ten post-PCI (Table 1) and
twelve post-CABG observational studies (Table 2) were
identified. Two studies reported results for both PCI and
CABG as separate analyses within the same publication
(9,11). Four publications represented the posthoc analyses
of RCTs (8,9,11,14) and the remainder were derived from
primary cohorts.

Seventy percent of included studies were of high method-
ological quality (score 8-9/9) according to the Ottawa—New
Castle criteria. Another 22% were of moderate methodological
quality (score 6-7/9) and the remaining 8% were of low quality
(score 4-5/9).

Main analysis

Post PCI. Five studies examined short-term/in-hospital mor-
tality and eight studies reported long-term (1-5 year) mortal-
ity post-PCI (Figure 2). Compared to individuals without
elevated BMI levels, both overweight (OR 0.71; 95% CI
0.62-0.81) and obese (OR 0.63; 95% CI 0.54-0.73) patients had
lower short-term/in-hospital mortality. Similarly overweight
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Figure 1 Quality of reporting of meta-analyses (QUOROM) statement
flow diagram. RCTs, randomized controlled trials.
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Table 1 Cohort studies evaluating the effect of obesity on mortality post-percutaneous coronary intervention (PCI)

Mean age Quality
(years), assessment
Study Population Sample size? % female BMI categories reported (kg/m?) score Outcomes
Elisetal. (US)  Single surgical center 3,571 63, 28 Low-normal <25, 4 In-hospital
(31) moderate-severely obese >35
Grubergetal.  Single surgical center 9,633 64, 31 Low-normal <25, overweight 25-29.9, 9 In-hospital,
US) (10) obese =30 1-year
Grubergetal. Posthoc analysis of 599 61,23 Low-normal <25, overweight 25-30, 8 3-year
Us) (11) the ARTS trial obese 230
Gurmet al. Posthoc analysis of 11,071 for 30 day 61, 26 Underweight <18.5, normal 18.5-24.9, 9 30-day,
Us) (8) pooled data from 4 outcome (4 trials) and overweight 25-29.9, mild-moderately 1-year
RCTs of glycoprotein 7,131 for the 1 year obese 30-39.9, severely obese >40
llb/lla inhibitors outcome (3 trials)
Gurmet al. Posthoc analysis of 2,072 Age >65  Underweight <20, normal 20-24.9, 9 3-year,
Us) (9) the BARI trial 34%, 25% overweight 25-29.9, obese 30-35, 5-year
female severely obese 235

Kelly et al. Posthoc analysis of 2,116 62,29 Low-normal <25, overweight 25-29.9, 9 1-year
Us)(14) the CREDO trial mild-moderately obese 30.0-39.9 and

severely obese 240
Minutelloetal. New York State 94,511 63, 30 Underweight <18.5, normal 8 In-hospital
Us) 4) Angioplasty Registry 18.5-24.9, overweight 25-29.9, obese

30-34.9, moderate—severely obese >35
Nikolsky etal.  Posthoc analysis of 1,307 63, 27 Low—normal <25, overweight 25-29.9, 8 1-year
(US) (35) the TAXUS-IV trial obese >30
Poston et al. Single surgical center 1,569 65, 28 Underweight <20, normal 20-24.9, 8 1-year
(US) (36) overweight 25-29.9, obese 30-34.9,

moderate—severely obese >35
Powell et al. Single surgical center 5,928 63, 29 Underweight <20, normal 20-25, 7 In-hospital,
(US) (87) overweight 25-29.9, obese 30-34.9, 3-year

moderate—severely obese >35

ARTS, arterial revascularization therapy study; BARI, bypass angioplasty revascularization investigation; CREDO, clopidogrel for the reduction of events during observation;

RCTs, randomized controlled trials.
aSample size excludes underweight patients (when reported).

(OR 0.66; 95% CI 0.55-0.79) and obesity (OR 0.65; 95% CI
0.51-0.83) were associated with lower long-term mortal-
ity post-PCI (Figure 3). In patients with moderate and/or
severe obesity, both short-term/in-hospital (OR 0.76; 95%
CI 0.61-0.95) and long-term (OR 0.62; 95% CI 0.41-0.96)
mortality were reduced.

The short-term/in-hospital analyses demonstrated no heter-
ogeneity. In the long-term analyses, heterogeneity was 39, 58,
and 51% by Higgins I’ for the overweight, obese, and moderate
and/or severe obesity comparisons, respectively.

Post CABG. The effect of overweight and obesity on short-
term/in-hospital and long-term mortality post-CABG was
assessed in eight studies (Figure 4). Compared to individuals
without elevated BMI levels, both overweight (OR 0.70; 95%
CI0.63-0.77) and obese (OR 0.63; 95% CI 0.56-0.71) patients
had lower short-term/in-hospital mortality. In addition, mod-
erately and/or severely obese patients were at lower risk of
death (OR 0.66; 95% CI 0.51-0.86).

Five studies examined longer term outcomes, ranging from
1to 5years (Figure 5). Overweight (OR 0.78; 95% CI 0.60-1.00)
and obesity (OR 0.88; 95% CI 0.60-1.29) were associated with
lower long-term mortality post-PCI. Moderate and/or severe
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obesity was associated with a neutral mortality risk (OR
1.42; 95% CI 0.76-2.65). There was no heterogeneity for the
short-term/in-hospital mortality analyses, and heterogeneity
was 47, 65, and 59% by Higgins I* for the overweight, obese,
and moderate and/or severe comparisons for long-term mor-
tality analyses, respectively.

Sensitivity analysis

Owing to the possible confounding effects of including
underweight patients in the studies which classified nor-
mal BMI as <25kg/m?, a sensitivity analysis was conducted
by excluding these studies (Table 3). The ORs and 95%
CIs changed minimally in all analyses except the compari-
sons involving long-term mortality for moderately and/or
severely obese individuals post-PCI and long-term mortal-
ity post-CABG. In the post-PCI sensitivity analysis, the CI
for moderately and/or severely obese individuals changed
to include one. In the post-CABG sensitivity analyses, obese
patients were at significantly greater risk of death with
long-term follow-up (Table 3). However, this result must
be interpreted with caution, as four out of a possible five
studies were excluded because they classified normal BMI
as <25kg/m?.
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Table 2 Cohort studies evaluating the effect of obesity on mortality post-coronary artery bypass grafting (CABG)

Quality
Sample Age (years), assessment Mortality
Study Population size? % female BMI categories reported (kg/m?) score outcomes
Christakis et al. Single surgical 7,025 Mean agenot Low-normal <24.9, overweight 25-30.4, 8 In-hospital
(Canada) (38) center provided, 19  obese >30.4
Enker et al. Single surgical 412 65, 32 Normal 20-25 and extreme obese >35 6 30-day
(Germany) (39) center
Gruberg et al. Post-hoc analysis 604 61,24 Low-normal <25, overweight 25-29.9, 8 3-year
(Us) (11) of the ARTS trial obese >30
Gurmet al. Post-hoc analysis 1,498 Age 265 34%, Underweight <20, normal 20-24.9, 9 3-year,
Us) (9) of the BARI trial 25% female  overweight 256-29.9, obese 30-34.9, 5-year
moderate—severely obese >35
Kim et al. Single surgical 6,728 61, gendernot  Low-normal <25, overweight 25-29.9, 9 30-day,
(Sweden) (40) center reported obese >30 1-year,
5-year
Orhan et al. Single surgical 1,206 60,18 Normal 18.5-24.9, overweight 25-29.9, 7 In-hospital
(Turkey) (41) center obese 230
Pan et al. Single surgical 9,826 63, 25 Normal 20.0-24.9, overweight 25.0-29.9, 8 30-day
(US) (42) center mildly obese 30-34.9, moderately obese
35.0-39.9, severely obese >40
Potapov et al. Single surgical 22,666 63, 28 Low-normal <25.3 overweight 25.429.4, 6 30-day
(Germany) (43) center obese >29.5
Scwhann et al. Single surgical 3,560 63, 33 Low-normal <24, overweight 24-29.9, 7 5-year
(US) (44) center obese 30-34, >34 severely obese
Rapp-Keseketal.  Single surgical 886 67,26 Low-normal <24, overweight 24-29.9, 9 2-year
(Sweden) (25) center obese 30-34, severely obese >34
Reeves et al. Prospective cohort 4,239 Mean not Underweight <20, normal 20-24.9, 9 In-hospital
(UK) (45) of the National ascertainable, overweight 25-29.9, obese 30-34.9,
Cardiac Surgery 18 moderate—severely obese >35
Database
Jinetal Nine surgical 16,128 66, 28 Underweight <18.5, normal 18.5-24.9, 8 In-hospital
(US) (46) centers overweight 25-29.9, obese 30-34.9,

moderate—severely obese >35

ARTS, arterial revascularization therapy study; BARI, bypass angioplasty revascularization investigation.

aSample size excludes underweight patients (when reported).

DISCUSSION

We found no evidence of a detrimental association between
overweight or obesity and short-term or long-term mortality
post-PCI and post-CABG. In fact, quantitative meta-analyses
of the available literature suggests a potentially beneficial effect
of elevated BMI levels on mortality in these populations. This
protective effect is inconsistently attenuated with longer term
follow-up periods, when the level of obesity has progressed
into the moderate or severe range and when studies involving
underweight patients are excluded from the analysis.

Our results confirm the findings of a recently published
meta-analysis examining the association between BMI and
total mortality and cardiovascular events (15). This review,
which quantitatively combined results from long-term stud-
ies (>6 months) involving post-PCI, CABG, and myocardial
infarction (MI) patients, found the highest risk of mortality
with BMI levels <20kg/m? and the lowest risk of mortality in
overweight patients. Our results are similar, although we also
included short-term/in-hospital mortality as an endpoint, did
not include studies published as abstracts only, and felt that
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post-PCI and CABG populations were not similar enough to
quantitatively combine into a single analysis. It is notable that
combining these groups was associated with substantial statis-
tic heterogeneity (15).

In contrast to our results, one might expect excess body
weight to be associated with an increased risk of death in
patients postcoronary revascularization because of previously
documented associations between obesity and other cardio-
vascular risk factors, cardiovascular disease, prothrombosis,
inflammation, sympathetic nervous system activation, and
mortality in the general population (2,16,17). What, then, are
the potential explanations for the “obesity paradox?” First,
it is important to consider additional sources of bias. Obese
patients consistently undergo revascularization procedures at
a younger age than their non-obese counterparts and, conse-
quently, may present with lower risk coronary anatomy (18).
On the other hand, the paradox may be due to selection bias
if only a subgroup of the “healthiest” obese patients are sur-
viving to revascularization or being selected for revasculari-
zation (19,20). In addition, concern that obese patients may
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Study Overweight/obesity Normal BMI OR (random) Weight OR (random)
or sub-category n/N n/N 95% Cl % 95% Cl
01 Normal BMI vs. Overweight in PCI
Gruberg 2002 48/4813 25/1923 — 7.96 0.76 [0.47, 1.24]
Gurm 2002 36/4864 26/2500 — 7.33 0.71 [0.43,1.18]
Powell 40/2546 35/1165 — 8.93 0.52 [0.33, 0.82]
Minutello 344/41175 286/25010 [ ] 75.77 0.73 [0.62, 0.85]
Subtotal (95% Cl) 53398 30598 ' 2 100.00 0.71  [0.62,0.81]
Total events: 468 (Overweight/Obesity), 372 (Normal BMI)
Test for heterogeneity: Chi® = 2.06, df = 3 (P = 0.56), I* = 0%
Test for overall effect: Z=4.94 (P < 0.00001)
02 Normal BMI vs. Obese
Gruberg 2002 20/2897 25/1923 —— 6.23 0.53 [0.29, 0.95]
Grum 2002 59/2490 58/1584 —a— 16.05 0.64 [0.44, 0.92]
Powell 44/2217 35/1165 —at 10.75 0.65 [0.42, 1.02]
Minutello 205/28326 286/25010 E 3 66.57 0.63 [0.53, 0.75]
Subtotal (95% Cl) 35930 29682 ‘ 100.00 0.63 [0.54, 0.73]
Total events: 328 (Overweight/Obesity), 404 (Normal BMI)
Test for heterogeneity: Chi?=0.37,df=3 (P=0.95), ?=0%
Test for overall effect: Z=6.20 (P < 0.00001)
03 Normal BMI vs. Moderate and/or Severe Obesity
Ellis 10/275 17/614 — 7.90 1.33 [0.60, 2.93]
Gurm 2002 1/297 26/2500 o 1.24 0.32 [0.04, 2.38]
Powell 17/724 35/1165 — 14.46 0.78 [0.43, 1.40]
Minutello 75/8997 286/25010 E o 76.39 0.73  [0.56, 0.94]
Subtotal (95% ClI) 10293 29289 ‘ 100.00 0.76 [0.61, 0.95]
Total events: 103 (Overweight/Obesity), 364 (Normal BMI)
Test for heterogeneity: chi?= 2.72,df =3 (P=0.44), 12 = 0%
Test for overall effect: Z=2.39 (P=0.02)

t t t

t t t
0.1 02 0.5 1 2 5 10
Favours OW/obesity ~ Favours normal BMI

Figure 2 30-Day/in-hospital mortality post-percutaneous coronary intervention (PCl). OR, odds ratio; OW, overweight.

Study Overweight/obesity Normal BMI OR (random) Weight OR (random)
or sub-category n/N n/N 95% Cl % 95% Cl
01 Normal BMI vs. Overweight in PCI
Gruberg 2002 274/4813 204/1923 - 24.70 0.51[0.42, 0.61]
Gurm (BARI) 84/984 54/502 . 15.71 0.77 [0.54, 1.11]
Gurm 2002 66/3157 58/1584 —— 15.81 0.56 [0.39, 0.80]
Powell 278/2546 171/1165 —a 23.84 0.71[0.58, 0.87]
Poston 26/625 22/358 —= 8.65 0.66 [0.37, 1.19]
Gruberg (ARTS) 11/307 6/168 B 3.51 1.00[0.36, 2.76]
Nikolsky 11/531 4/233 _— 277 1.21[0.38, 3.84]
Kelly 21/847 8/342 —_— 5.02 1.06 [0.47, 2.42]
Subtotal (95% Cl) 13810 6275 <& 100.00 0.66 [0.55, 0.79]
Total events: 771 (Overweight/Obesity), 527 (Normal BMI)
Test for heterogeneity: Chi® = 11.54, df = 7 (P = 0.56), I* = 39.4%
Test for overall effect: Z = 4.55 (P < 0.00001)
02 Normal BMI vs. Obese
Gruberg 2002 142/2897 204/1923 —-— 24.21 0.43[0.35, 0.54]
Gurm (BARI) 60/569 54/502 —— 15.39 0.98 [0.66, 1.44]
Gurm 2002 59/2390 58/1584 —a— 16.31 0.67 [0.46, 0.96]
Powell 207/2217 171/1165 - 24.59 0.60 [0.48, 0.74]
Poston 24/586 22/358 _— 8.94 0.65[0.36, 1.18]
Gruberg (ARTS) 5/124 6/168 e 2.70 1.13[0.34, 3.81]
Nikolsky 10/543 4/233 _ W 2.87 1.07 [0.33, 3.46]
Kelly 16/923 8/342 R 4.98 0.74[0.31, 1.74]
Subtotal (95% Cl) 10249 6275 & 100.00 0.65[0.51, 0.83]
Total events: 523 (Overweight/Obesity), 527 (Normal BMI)
Test for heterogeneity: Chi® = 16.69, df = 7 (P = 0.02), I = 58.1%
Test for overall effect: Z = 3.45 (P < 0.0006)
03 Normal BMI vs. Moderate and/or Severe Obesity
Gurm (BARI) 18/145 54/502 —T— 23.22 1.18[0.67, 2.08]
Gurm 2002 5/209 58/1584 —_—— 10.65 0.64 [0.26, 1.63]
Powell 53/724 171/1165 —— 45.06 0.46 [0.33, 0.63]
Poston 8/222 22/358 —_— 12.90 0.57[0.25, 1.31]
Kelly 4/113 26/342 R 8.17 0.45[0.15, 1.31]
Subtotal (95% Cl) 1413 3951 - 100.00 0.62[0.41, 0.96]
Total events: 88 (Overweight/Obesity), 331 (Normal BMI)
Test for heterogeneity: Chi? = 8.23, df = 4 (P = 0.08), I> = 51.4%
Test for overall effect: Z=2.15 (P = 0.03) X X X X X X
t t t t t t
0.1 02 05 1 2 5 10

Favours OW/obesity ~ Favours normal BMI

Figure 3 Long-term mortality (1-5 years) post-percutaneous coronary intervention (PCl). ARTS, arterial revascularization therapy study; BARI,
bypass angioplasty revascularization investigation; OR, odds ratio; OW, overweight.
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Study Overweight/obesity Normal BMI OR (random) Weight OR (random)
or sub-category n/N n/N 95% Cl % 95% Cl
01 Normal BMI vs. Overweight in PCI
Christakis 68/3389 54/1825 —= 7.31 0.67 [0.47, 0.96]
Kim 65/3320 52/2344 — 7.04 0.88[0.61, 1.27]
Potapov 385/9050 591/10131 = 55.23 0.72[0.63, 0.82]
Reeves 18/2170 11/1166 I E— 1.69 0.88[0.41, 1.87]
Orhan 11/632 6/320 - 0.95 0.93[0.34, 2.53]
Jin 129/6683 108/3475 . 14.27 0.61[0.47, 0.80]
Pan 125/4257 103/2184 - 13.51 0.61[0.47, 0.80]
Subtotal (95% ClI) 29501 21445 ‘ 100.00 0.70[0.63, 0.77]
Total events: 801 (Overweight/Obesity), 925 (Normal BMI)
Test for heterogeneity: Chi?=4.30, df = 6 (P=0.64), I> = 0%
Test for overall effect: Z= 7.23 (P < 0.00001)
02 Normal BMI vs. Obese
—
Christakis 38/1811 54/1685 8.22 0.65 [0.43, 0.99]
Kim 11/924 52/2344 3.39 0.53[0.28, 1.02]
Potapov 158/4518 591/10131 = 45.27 0.58[0.49, 0.70]
Reeves 7/903 11/1166 1.60 0.82[0.32, 2.12]
Orhan 7/254 6/320 I 1.19 0.48 [0.49, 4.47]
Jin 116/5970 108/3475 —-— 20.61 0.62[0.47, 0.81]
Pan 115/3421 103/2184 — 19.71 0.70[0.54, 0.92]
Subtotal (95% Cl) 17801 21305 ’ 100.00 0.63[0.56, 0.71]
Total events: 452 (Overweightflbesity), 925 (Normal BMI)
Test for heterogeneity: Chi’=4.19, df = 6 (P=0.65), I? = 0%
Test for overall effect: Z= 7.60 (P < 0.00001)
03 Normal BMI vs. Severe-Moderate Obesity
Ennker 3/206 6/206 —_— 3.38 0.49[0.12, 2.00]
Reeves 1/156 111166 < 1.57 0.68 [0.09, 5.28]
Jin 37/2026 108/3475 — 46.49 0.58 [0.40, 0.85]
Pan 41/1123 103/2184 — 48.56 0.77[0.53, 1.11]
Subtotal (95% Cl) 3511 7031 = 100.00 0.66 [0.51, 0.86]
Total events: 82 (Overweight/Obesity), 228 (Normal BMI)
Test for heterogeneity: Chi® = 1.24, df = 3 (P = 0.74), I* = 0%
Test for overall effect: Z=3.15 (P=0.002)
t t t t t t
01 02 05 1 2 5 10

Favours OW/obesity ~ Favours normal BMI

Figure 4 30-Day/in-hospital mortality post-coronary artery bypass graft (CABG). ARTS, arterial revascularization therapy study; BARI, bypass
angioplasty revascularization investigation; OR, odds ratio; OW, overweight.

Study Overweight/obesity Normal BMI OR (random) Weight OR (random)
or sub-category n/N n/N 95% Cl % 95% Cl
01 Normal BMI vs. Overweight
Gruberg (ARTS) 15/299 8/169 D E— 9.29 1.06 [0.44, 2.56]
Schwann 164/1729 77/569 —— 26.84 0.67 [0.50, 0.89]
Gurm (BARI) 54/674 22/356 - 17.99 1.32[0.79, 2.21]
Kim 177/3320 162/2344 - 29.69 0.76 [0.61, 0.95]
Rapp-Kesek 32/533 22/200 — 16.19 0.52[0.29, 0.91]
Subtotal (95% Cl) 6555 3638 > 100.00 0.78[0.60, 1.00]
Total events: 442 (Overweight/Obesity), 291 (Normal BMI)
Test for heterogeneity: Chi®=7.54, df = 4 (P=0.11), I? = 46.9%
Test for overall effect: Z= 1.98 (P=0.05)
02 Normal BMI vs. Obese
Gruberg (ARTS) 5/136 8/169 _.___ 7.27 0.77 [0.25, 2.40]
Schwaan 140/1262 77/569 31.08 0.80[0.59, 1.07]
Gurm (BARI) 48/446 22/356 - 20.65 1.83[1.08, 3.10]
Kim 54/924 162/2344 - 30.07 0.84 [0.61, 1.15]
Rapp-Kesek 71153 22/200 - 10.93 0.39[0.16, 0.93]
Subtotal (95% Cl) 2921 3638 > 100.00 0.88[0.60, 1.29]
Total events: 254 (Overweight/obesity), 291 (Normal BMI)
Test for heterogeneity: Chi®=11.39, df = 4 (P=0.02), I’ = 64.9%
Test for overall effect: Z= 0.66 (P=0.51)
03 Normal BMI vs. Moderate-Severe Obesity
Schwann 67/497 77/569 —— 57.42 1.00[0.70, 1.42]
Gurm (BARI) 14/102 22/356 —_— 29.65 2.42[1.19, 4.91]
Rapp-Kesek 3/37 32/533 | - 12.93 1.38[0.40, 4.74]
Subtotal (95% Cl) 636 1458 s 100.00 1.42[0.40, 2.65]
Total events: 84 (Overweight/Obesity), 131 (Normal BMI)
Test for heterogeneity: Chi® = 4.87,df =2 (P=0.09), I? = 58.9%
Test for overall effect: Z=1.09 (P =0.28)
t t t t t t
0.1 02 05 1 2 5 10

Favours OW/obesity ~ Favours normal BMI

Figure 5 Long-term mortality (1-5 years) post-coronary artery bypass graft (CABG). ARTS, arterial revascularization therapy study; BARI, bypass
angioplasty revascularization investigation; OR, odds ratio; OW, overweight.
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Table 3 Sensitivity analysis

Analysis with or without Number of OR (95% CI) OR (95% CI) OR (95% CI) normal BMI
studies classifying BMI studies in normal BMI vs. normal BMI vs. vs. moderate-severe
Mortality comparison  as <25kg/m? analysis overweight obese obese
PCl short-term/ Studies included 5 0.71 (0.62-0.81) 0.63 (0.54-0.73) 0.76 (0.61-0.95)
in-hospital Studies excluded 3 0.70(0.61-0.81) 0.63(0.54-0.74) 0.73(0.54-0.92)
PCllong-term Studies included 8 0.66 (0.55-0.79) 0.65(0.51-0.83) 0.62 (0.41-0.96)
Studies excluded 4 0.69 (0.59-0.80) 0.69 (0.55-0.87) 0.66 (0.4-1.08)
CABG short-term/ Studies included 8 0.70(0.63-0.77) 0.63(0.56-0.71) 0.66 (0.51-0.86)
in-hospital Studies excluded 4 0.63 (0.53-0.76) 0.68 (0.56-0.82) 0.66 (0.51-0.86)
CABG long-term Studies included 5 0.78(0.60-1.0) 0.88(0.60-1.29) 1.42 (0.76-2.65)
Studies excluded 1 1.32(0.79-2.21) 1.83(1.08-3.10) 2.42(1.19-4.91)
be at increased risk for vascular complications and cardiac ~ Table 4 Baseline patient characteristics
events may result in i.n.creased diligence while obtaining vas-  Gjinical variable Normal BMI Overweight Obese
.cular access, or provision of more aggtessive treatment dur- Mean age 561 629 604
ing hospitalization (21). Follow-up periods in studies to date  ,_ g3 004
may not be of sufficient length to demonstrate the expected  Studies =15
negative impact of obesity on mortality. The confounding  gender 30.7% F 238%F  35.0%F
effects of smoking (which reduces body weight), the inclu-  n=187,339
sion of underweight individuals, and unintentional weight ~ Studies =17
loss due to (often unrecognized) chronic illness may increase ~ Education level 84.4% 86.4% 81.3%
mortality in patients with normal or underweight BMI cat- (f'”'ihgggh'gh school)
. n=1,
egories (22). o . ' . Studies - 1
To explore the possibility of selection bias, we determined .
. . . . Diabetes 17.0% 19.6% 33.2%
the relative frequencies of selected baseline covariates known 7% 0%,
to affect survival in the post-PCI or post-CABG populations Studies = 18
(Table 4). Obese patients were younger, but h.ad a higher Hypertension 50.8% 55.09% 67.0%
prevalence of comorbidities such as hypertension, hyperc- n=94817
holesterolemia, and diabetes mellitus. Other comorbidities Studies = 16
such as history of MI, chronic heart failure, smoking his- Hypercholesterolemia 44.0% 52.8% 61.1%
tory, unstable angina, and left main disease were similar or ~ 7=33,709
slightly less frequent in obese patients compared to those of ~ Studies =10
normal weight. Even social class (education level) was simi-  Unstable angina 48.8% 46.5% 49.2%
lar between groups. Although such an analysis cannot be 7= 149,370
o Studies = 13
regarded as definitive because other measured or unmeasured ' , . . .
confounders may be affecting survival, these data provide evi- Chronic heart failure 8.1% 7% 8.3%
. n=143,182
dence that there are both favorable (age) and unfavorable risk gy gies = 7
factors are presel?t in obese patlent.s with CAD. It is not'flble History of myocardial 46.3% 45.6% 42.3%
that even after adjustment for baseline covariates, overweight  irfarction
or obesity do not seem to increase mortality in this patient ~ n=85,821
population (15). Studies = 14
Second, the possibility that the “obesity paradox” is a valid ~ Current smoker 25.3% 24.3% 25.5%
finding cannot be discounted. This paradox has been observed 7= 124,287
. .o . . Studies = 10
in a number of chronic disease states, including cancer, HIV
infection, heart failure, rheumatic diseases, and end-stage renal Former smoker 33.9% 46.3% 45.9%
failure (23). Furthermore, in patients undergoing myocardial n=5928
e 1P .g g Y. Studies = 1
perfusion imaging for suspected coronary disease, obesity, and , ,
. . . . Triple vessel disease 58.2% 56.2% 52.0%
overweight were associated with a neutral effect on cardiac | "5 50
mortality in patients with negative scans and reduced mortal- Studies = 5
ity in patients with positive scans and, therefore, proven CAD | .4 1ain disease 25.6% 24.5% 20 5%
(24). Excess body weight may increase metabolic reserve and =43 162
counteract the negative effects of chronic inflammation and ~ Studies =6
cachexia (25,26). Specifically postrevascularization, obesity  Peripheral vascular disease 11.7% 9.4% 8.0%
may improve outcomes because of larger vessel size and easier =~ n=122,071
Studies = 8

stent placement (27,28).
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Our results also suggest, albeit not definitively, that the
potentially protective association between obesity and mor-
tality is lost with longer follow-up periods and/or increas-
ing severity of obesity. One may speculate that, with longer
follow-up periods, the cumulatively detrimental effect of
obesity on cardiovascular and metabolic (i.e., glycemic and
lipid levels) function may manifest as increased mortality. In
addition, severely obese individuals may have a higher risk
of thrombosis (29), inflammation (17), endothelial dysfunc-
tion (30), under-dosing of anticoagulants (31), limited radio-
graphic imaging of vessels, poor hemodynamic reserve (32),
and failed resuscitation (33).

Several limitations of this meta-analysis should be noted.
First, as with any systematic review, bias may occur due to
selective study publication or if important studies were missed.
We searched multiple databases and contacted content experts
in an effort to minimize such bias. There were too few stud-
ies in each category to evaluate for potential publication bias
using a funnel plot. However, publication bias tends to occur
in the direction of non-neutral studies and, it is notable that
no study found a positive association between obesity and
mortality in overweight patients and only one study (9) found
such an association in obese patients. Second, not all studies
used the standard World Health Organization BMI classifi-
cation system for body weight. In particular, several studies
grouped normal and lower weight individuals together. As
underweight (2), cachexia (34), and malnutrition (25,26) are
associated with increased mortality, this may have resulted
in an apparent relative benefit of overweight and obesity.
However, our sensitivity analysis which excluded studies that
classified <25kg/m? as normal BMI (and thus included under-
weight patients in this category), demonstrated that this did
not have any major effect on the results. Third, although BMI
is the most commonly used epidemiologic measure of obes-
ity, it is imperfect and does not directly distinguish between
adipose and lean tissue or central and peripheral adipos-
ity. We were unable to determine if the apparent protective
effects of obesity are due to increased fat or lean body mass.
Misclassification of body composition using BMI would be
expected to bias our ORs toward the null, thereby potentially
masking a non-neutral association between BMI and mortal-
ity. Fourth, moderate statistical heterogeneity was found when
quantitative pooling was performed for some of our outcomes.
This is not surprising, because there are many potential clini-
cal and methodological explanations for heterogeneity in
postrevascularization studies. These may include differences
in procedural techniques, operator and center experience,
contemporary and local practice patterns, postoperative care,
and patient selection. We used a random effects model in an
effort to incorporate heterogeneity between trials in our anal-
ysis, but recognize that this does not eliminate the fact that
heterogeneity was present. Again, it is notable that nearly all
studies reported a neutral or beneficial effect of elevated BMI
levels on mortality, providing supportive evidence that the
summary effect sizes were the product of consistent results.
Finally, the observational nature of the studies identified
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provides associative, not causal, evidence, and mandates cau-
tion when interpreting the results.

CONCLUSIONS

In conclusion, observational studies suggest that obesity and
overweight are associated with a neutral or beneficial effect
on all-cause mortality postcoronary revascularization. This
effect may be attenuated with longer follow-up periods and
increasing severity of obesity. The underlying explanation for
these results is unknown, although many potential explana-
tions exist. Future prospective studies specifically designed to
confirm or refute the “obesity paradox” and avoid potential
bias inherent in previous research are required. Specifically,
studies that more accurately quantify lean and fat tissue, cen-
tral adiposity, temporal weight change, and intentionality of
weight change should be performed. Until such data are avail-
able, the optimal weight-related treatment strategy for over-
weight and obese individuals postcoronary revascularization
is unknown.
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