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Abstract

Objective—To assess the prognostic impact of weight loss on clinical outcomes in patients with
coronary artery disease (CAD). The effect of such weight loss on prognosis is unclear and
controversial.

Methods—We performed a systematic review and meta-analysis of the prognostic effects of
weight loss in patients with CAD on a composite outcome of all-cause mortality, cardiovascular
mortality, and major adverse cardiac events considering studies published from January 1, 1946
through August 8, 2013.We considered weight loss “intentional” when it occurred in the presence
of programmed therapeutic lifestyle changes (TLC), and “observational” when no such
intervention was specified.

Results—We searched 1,218 abstracts of which 12 studies with 14 cohorts met inclusion criteria.
A total of 35,335 patients (mean age 64 years, 72% male, BMI 30, 3.2 years of follow-up) were
included. Overall, weight loss was associated with a greater risk of the composite outcome, RR
(95% CI), 1.30 (1.00, 1.69, p = 0.05). However, heterogeneity was high (12 = 90%) and was
substantially explained by weight loss intentionality. Presumed intentional weight loss (4 cohorts)
was associated with improved outcomes (RR of 0.67 [0.56, 0.80], p < 0.001), whereas
observational weight loss (10 cohorts) was associated with worsened outcomes (RR 1.62 [1.26,
2.08], p <0.001; interaction p < 0.001.)
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Conclusions—While observational weight loss is associated with increased adverse
cardiovascular events, intentional weight loss is associated with lower clinical events. These
results suggest that the underlying mechanism of weight loss (i.e., intentional or unintentional)
affects its impact on subsequent risk in persons with known CAD.
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Introduction

Obesity is an independent risk factor for coronary artery disease (CAD).12 Consequently, an
initial 10% body weight loss is recommended in American Heart Association and American
College of Cardiology practice guidelines for patients with CAD who are overweight or
obese, with the goal of achieving a body mass index (BMI) <25 kg/m2.3 These
recommendations are primarily based upon the consistent beneficial effects of weight loss
on intermediate risk markers such as hypertension,* diabetes control,> metabolic syndrome,®
and blood lipid levels.” It is generally thought that such improvements will lead to improved
long-term outcomes. 89

However, weight loss is not uniformly associated with improved long-term outcomes.
Specifically, it is well-established that among general adult patients, weight loss can be an
important risk marker for the subsequent development of cancer, diabetes, or other life-
threatening systemic illness,10-12 particularly when the weight loss is unintentional. Even
patients with intentional weight loss do not always have improved long-term cardiovascular
outcomes. 1314 Additionally, the recent Look AHEAD study found that patients with
diabetes randomized to a lifestyle intervention designed for purposeful weight loss did not
have improved long-term outcomes.1®

To further complicate the issue, several studies have suggested that among patients with
CAD, weight loss appears to be associated with worse long term survival.16:17 Reasons for
this association are unclear, but may be rooted in the obesity paradox, a finding where obese
patients with CAD have better long-term survival compared to their normal weight
counterparts.1® Consequently, this set of controversial findings casts doubt on current
clinical practice guidelines and leaves clinicians with substantial uncertainty regarding the
value of weight loss in patients with CAD.

Consequently, we undertook a systematic review and meta-analysis to summarize the
literature, explore possible reasons for these conflicting results, and guide future research on
the long term effects of weight loss on prognosis in patients with CAD. We specifically
hypothesized that weight loss intentionality might be an important discriminator between
studies that show harmful vs. beneficial effects of weight loss in patients with CAD.
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Methods

Data Sources and Searches

We performed a literature search for all articles that included 1) patients with clinical CAD,
2) measures of achieved weight loss/change, 3) a comparison to a non-weight loss group,
and 4) long term clinical outcomes. We identified potentially relevant articles through a
search of PubMed and EMBASE from January 15t, 1946 through August 8, 2013 using a
search strategy developed with the assistance of a medical librarian (AMF, see eAppendix
1.) Web of Science was searched from March 15t 2008 to March 15t 2013 for meeting
abstracts from cardiology, endocrinology, and obesity society meetings. Bibliographies of
selected articles were reviewed for additional potentially relevant articles. As no individual
patient data were analyzed, ethical approval was not required.

Study Selection

In mixed populations, we required that >50% of the cohort have documented CAD and the
remainder be at high risk with another form of vascular disease or diabetes. If the population
was <50% CAD, we included studies only if the CAD sub-group outcomes were reported
and analyzed separately. We required that each analysis directly assess the impact of
achieved weight loss on outcomes as well. We also required that the study account for
weight change due to medications (such as a sibutramine) present in the original randomized
trial. We included studies regardless of the study sample’s baseline BMI or proportion
classified as overweight or obese.

We excluded studies evaluating children, cardiac cachexia, heart failure not directly
preceded by a coronary artery disease diagnosis/event, bariatric surgery, and isolated
diabetes, isolated peripheral vascular disease, or isolated cerebrovascular disease where
CAD was not a co-morbidity. We excluded all reviews, commentaries, letters to the editor,
or non-English abstracts.

Data Extraction and Quality Assessment

Two authors (QP, JPRE) independently reviewed all titles, abstracts, and selected full-text
articles. Data abstraction was done by QP and verified by JPRE. All disagreements were
resolved by FLJ. When not reported directly, data for meta-analysis were estimated from
reported outcomes. Missing data were obtained from study authors as needed.

Quality assessment was done in duplicate (QP and JPRE) and utilized the Newcastle-Ottawa
quality assessment scale for cohort studies.19 Although some studies were originally
randomized controlled trials testing pharmacologic interventions, the weight loss studies
were uniformly secondary or ad-hoc analyses, and as such were treated as cohorts for the
purpose of quality assessment. We noted which studies reported evaluating, controlling, or
adjusting for the effects of age, smoking status, sex, and pre-existing cancer diagnosis or
cancer development on their outcomes. We considered secondary analyses of randomized
controlled trials and cardiac rehabilitation studies to be at risk for selection bias.
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Data Synthesis and Analysis

Results

We pre-defined a 5% body weight loss as the primary predictor. As not all studies utilized
this definition, we further classified studies into low, medium, and high weight loss with
weight loss definitions of <2.5%, 2.5% to 4.9%, and >5% body weight loss, respectively.
We considered a 5 kg threshold to be approximately equivalent to a 5% body weight change.
When articles reported dividing patients by median weight change, we utilized the
difference in means as the body weight change in kg. When studies reported a per-unit
hazard ratio, we scaled this to 5% (or 5 kg) body weight change to increase comparability
between studies.

The primary endpoint was a combination of all-cause mortality, cardiovascular mortality, or
a composite outcome called “major adverse cardiac events” (MACE). Per the original
articles, MACE usually included measures of mortality plus one or more of the following
additional outcomes: non-fatal myocardial infarction, coronary revascularization (either
percutaneous coronary intervention or coronary artery bypass grafting surgery), non-fatal
stroke, sudden cardiac death, survival after cardiopulmonary resuscitation, unstable angina,
cardiac hospitalization, and hospitalization for heart failure. When more than one outcome
was reported, we included the results from the highest order, most adjusted outcome for the
meta-analysis primary outcome (i.e., adjusted all-cause mortality > raw all-cause mortality >
cardiovascular mortality > MACE.) When necessary, we treated a hazard ratio (HR) as a
relative risk (RR) for the purpose of the primary outcome.

The main secondary outcome was adjusted all-cause mortality measured utilizing HRs,
which excluded studies reporting only raw event rates or RR. We also explored a dose-
response for the effects of differing amounts of weight loss on outcomes. Additionally, we
evaluated the effect of weight gain compared with weight stability.

As part of our a priori hypothesis, studies were divided according to weight loss intention.
We considered weight loss “presumably intentional” when it occurred in the presence of
programmed therapeutic lifestyle changes (TLC), and “observational” when no such
intervention was specified. Specifically, we defined programmed TLC as interventions in
which components of exercise, healthy diet, or both were specified and monitored. For
studies in which the intervention (for example, simvastatin or losartan) would not ordinarily
be expected to change a patient’s weight or lifestyle habits, weight loss was considered
“observational.”

We utilized a random-effects model in all analyses. Heterogeneity was assessed by 12 using
values of 25%, 50%, and 75% to indicate low, moderate and high heterogeneity,
respectively. Publication bias was assessed using a funnel plot. All analyses were performed
on RevMan 5.2 (Cochrane IMS, Oxford, UK). Statistical significance was set at a = 0.05,
and all tests were two-tailed.

We identified 1,218 potentially relevant articles of which 67 full text articles were reviewed
and 12 articles were selected for meta-analysis (Figure 1). One article’ reported on 3
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independent cohorts, for a total of 14 cohorts. The selected studies and their characteristics
are shown in Table 1.89.16.17.20-27

A total of 35,335 patients were included, with a mean follow-up of 3.2 years. The average
population age was 64 years, 72% male, BMI 30 + 4 kg/m?, and studies were primarily
based in the United States or Europe. There were 7 different definitions of weight change
and 9 weight change time intervals. There were 6 different definitions among the 8 articles
reporting MACE. Follow-up times ranged from 0.2 years to 6.4 years. Of note, the two
studies?3.26 with the lowest percentage of patients with BMI >25 were located in Korea and
India and utilized lower BMI cut-points and alternate definitions of central obesity
according to their population-specific definitions of obesity and overweight.

Study quality, adjustments, and reported outcomes of the selected studies are shown in Table
2. With the exception of Lopez et al.,16 no articles described the methods of weight
measurements, such as the presence of clothing or shoes, or the use of, accuracy, or
reproducibility of the scales. Few articles adjusted for our pre-specified confounders of age,
gender, smoking cessation, and baseline cancer or subsequent cancer development. Eight
studies reported adjusted HRs (aHR) for all-cause mortality. Only 2 studies were considered
population-based.23:24

Four studies reported weight loss associated with therapeutic lifestyle changes. Sierra-
Johnson et al.8 and Lavie et al.® utilized comprehensive outpatient cardiac rehabilitation
based in the United States. This generally included observed exercise of 1-3x/week for 8-12
weeks, additional home exercise, individualized and group dietary counseling, stress
management and risk factor education. Singh et al. provided patient counseling designed to
achieve >400 g/day of low energy high nutrient fruits and vegetable intake, coupled with
>300kcal/day of moderate intensity exercise over 12 week period followed by a 3 year
follow-up.28 Caterson et al.?! as part of a randomized controlled trial of sibutramine,
provided a 6-week run-in weight management program to all patients designed to ensure
>150 minutes of exercise (walking or cycling) per week and a diet designed to create a 600
kcal deficit per day with a mean 3.4 year follow-up.28

The primary composite outcome demonstrated that an approximate 5% weight loss (range
0.5%-7%), when compared with weight stability, was marginally associated with worse
long-term outcomes, (RR [95% CI] 1.30 [1.00 to 1.69], p = 0.05, Figure 2). However,
heterogeneity was very high (12 = 90%) and substantially explained by weight loss intention.
While observational weight loss (10 studies, n = 21,266) was associated with worsened
outcomes (RR 1.62 [1.26 to 2.08], p <0.001, 12 = 86%), presumed intentional weight loss (4
studies, n = 10,866) was associated with uniformly improved outcomes and low
heterogeneity (RR of 0.67 [0.56 to 0.80], p < 0.001, 12 = 0%; interaction p < 0.001). There
was no evidence for publication bias by funnel plot analysis (eFigure 1.)

Among the observational weight loss studies, outcomes varied somewhat according to
observed weight loss in a dose-response fashion. For patients losing <2.5%, 2.5% to 4.9%,
>5% body weight, the primary composite outcome showed HRs of 1.23 (0.57 to 2.66), 1.42
(1.21t0 1.67), and 2.14 (1.55 to 2.95), respectively (p = 0.07 for subgroup differences).
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Weight loss was associated with a 67% increased adjusted all-cause mortality (8 studies,
n=21,249, aHR [95% CI] 1.67 [1.30 to 2.14], p < 0.0001, Figure 3), but with high
heterogeneity (12 = 79%.) Observational weight loss demonstrated an aHR of 1.81 (1.44 to
2.28, p <0.001) contrasting with an aHR 0.63 (0.33 to 1.20, p = 0.16) in the single study
with presumed intentional weight loss (interaction p = 0.003).

Six studies (all observational) reported adjusted all-cause mortality associated with weight
gain compared to weight stability. In each article, identical definitions of percent body
weight change (range +3-5%) were utilized for both weight loss and weight gain (see Table
1). A weight gain of approximately 3-5% of body weight was associated with a non-
significant decrease in adjusted all-cause mortality (aHR 0.94 [0.81 to 1.10], p = 0.44, 12 =
24%, eFigure 2.)

Discussion

In this study, we found that weight loss intentionality and its association with TLC are major
factors that determine the prognosis of weight loss among patients with CAD. When
exercise and dietary improvements are programmed and purposeful, achieved weight loss
appears to be associated with improved long-term prognosis. However, when weight loss is
observational or “unintentional”, it should serve as a sign of increased risk to clinicians
because it portends a substantially worse long-term prognosis.

Although our study is the first to demonstrate the importance of weight loss intentionality in
patients with CAD, the importance of weight loss intentionality in separating beneficial vs.
harmful weight loss has been well documented in the general medical literature. When
weight loss is unintentional, it is a strong marker of increased risk!2 usually because of
underlying occult disease.2” On the other hand, when weight loss occurs intentionally, the
effects are usually neutral to beneficial.10.13.14.29-32

The exact mechanism by which TLC-associated weight loss improves outcomes in patients
with CAD is unclear, but it is likely related to exercise training and healthy dietary changes
as each of the TLC-related studies contained both of these interventions. In addition,
however, these programs may also favorably impact unmeasured factors such as medication
adherence,33 mental stress3 or other factors which influence long term outcomes. Similarly,
the mechanism behind harm in observational weight loss is unclear. This harm is likely
related to patients having more severe disease at baseline (CAD with heart failure) or an
occult systemic illness (malignancy) which manifested itself later in the disease course and
resulted in harmful weight loss.2” Unfortunately, causes of non-cardiovascular death were
uncommonly described in the studies contributing to this systematic review.

Our findings shed important light on the obesity paradox, a finding that patients with an
elevated BMI and incident CAD have an improved long-term prognosis when compared to
patients with a normal BMI.35 Although this paradox is clearly modulated by factors such as
central adiposity,38-37 amount of lean mass,38 physical fitness,3° and the presence of heart
failure,%0 our results suggest that purposeful weight loss should be beneficial among obese
patients.
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There were several important studies that did not meet our inclusion criteria. 13144142 The
primary reason for exclusion was that each cohort had fewer than 50% of their patients with
established CAD or did not specifically report on CAD subgroups. Kalantar-Zadeh et al 42
and Barba et al.#! found that observational weight loss was associated with worse outcomes
in populations at high vascular risk (end-stage renal disease and established mixed vascular
disease.) In addition, Williams et al., in two separate articles, found that prognosis
associated with weight loss in a mixed risk population was dependent upon weight loss
intentionality, 1314 consistent with the findings in this meta-analysis.

Our results differ from the subgroup analysis in the Look-AHEAD trial which assessed the
effect of weight loss in patients with type 1l diabetes and CAD, which found no effect on the
primary outcome in the weight loss arm.®> Our meta-analysis included articles describing
groups according to achieved weight loss versus no weight loss, while the Look-AHEAD
trial assessed outcomes on an intention to treat basis. Future analysis by weight loss intensity
in the Look-AHEAD subgroup of CAD patients will help to clarify this issue. Additionally,
the Look-AHEAD trial included only patients with type |1 diabetes. Whether having
diabetes or not modulates the potential effect of purposeful weight loss in patients with CAD
is yet to be determined.

Furthermore, it is important to note that TLC is the intervention and weight loss is an
outcome. As a result, a patient cannot be randomized to weight loss per se. Rather, a patient
can be randomized to TLC with the expectation of weight loss. However, even with TLCs,
some patients will have greater success in achieving weight loss than others. Consequently,
there is likely some personal behavior, underlying physiology, or genetic predisposition that
allows certain patients to succeed in achieving weight loss with TLC while others
experience minimal weight loss. Such an unmeasured confounder may actually be
responsible for the mortality benefits seen in this meta-analysis, rather than the weight loss
per se. As a result, it appears possible that in a patient undergoing TLC, weight loss may act
more like a prognostic marker rather than a mediator of the long term benefits from TLC.

A well designed prospective study appears necessary to conclusively test the importance of
weight loss in patients with established CAD. Such a study would be adequately powered
for long-term outcomes, carefully assess body composition changes,*3 employ behavioral
weight loss strategies,** encourage high-caloric (walk often, walk far) expenditure
exercise,* and carefully control for cancer development and smoking cessation. Such a
study would provide more conclusive evidence on the effect of intentional weight loss on
the prognosis of patients with CAD and would answer multiple questions, increase
confidence in weight management recommendations for patients with CAD, and further
clarify the obesity paradox. In addition, given the known benefits of bariatric surgery in the
general population, a randomized controlled trial of bariatric surgery in patients with CAD
might also be appropriate.

An important limitation of this meta-analysis was the heterogeneity across study results and
that only 4 studies assessed intentional weight loss. Although weight loss intentionality
accounted for some heterogeneity, substantial residual heterogeneity remained. In particular,
there were important variations in weight loss definition, weight loss interval time period
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definitions, population percentage that was obese/overweight, and reported outcomes and
their definitions. Data on important subgroups such as minorities and women were reported
infrequently enough to preclude analysis. In addition, adjustments for important co-variates
such as age, gender, smoking cessation, and cancer development were infrequently
performed. Future research on weight loss outcomes in patients with CAD should carefully
control for these factors including the well-known weight gain associated with successful
tobacco cessation.

Conclusions

We found that observational weight loss in patients with CAD is associated with worse
long-term outcomes, but that when weight loss occurs intentionally in the setting of lifestyle
changes it is protective. A randomized controlled trial appears necessary to test the
importance of weight loss in patients with established CAD. In the meantime, our findings
support national guidelines that TLC for weight loss can be confidently recommended to
overweight and obese patients with CAD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Weight loss  Weight maintenance Weighting Risk ratio,
of studies random, M-H, Risk ratio,
Study or subgroup Events Total Events Total (%) (95% CI) random, M-H, (95% CI)
Weight loss associated with therapeutic lifestyle changes
Caterson et al,? 2012 151 4901 221 4901 8.5 0.68(0.56, 0.84) ——
Lavie et al,® 2009 6 196 10 197 4.0 0.60(0.22,1.63)  =——————
Sierra-Johnson et al,8 2008 18 220 22 157 6.2  0.58(0.32, 1.05)
Singh et al,?® 1996 13 144 20 150 58 0.68(0.35, 1.31) ———
Subtotal (95% CI) 5641 5405 24.5 0.67 (0.56, 0.80) <&
Total events 188 273
Heterogeneity: ¥2=0.29, df=3 (P=0.96); 12=0%
Test for overall effect: Z=4.33 (P<0.0001)
Weight loss not associated with therapeutic lifestyle change
Doehner et al,22 2011 225 2601 122 2601 8.5 1.84 (1.49, 2.28) ——
Kang et al,22 2012 5 84 11 380 3.8 2.06(0.73,5.76) _——
Kennedy et al,'” 2006, 4S 95 815 195 2565 8.4 1.53(1.22, 1.93) ——
Kennedy et al,'” 2006, CONSENSUS 16 528 35 2488 6.3  2.15(1.20, 3.86) —_—
Kennedy et al,'7 2006, OPTIMAAL 144 1087 242 2448 8.6 1.34 (1.10, 1.63) ——
Kocz et al,? 2012 102 285 46 412 8.0  3.21(2.34,4.39) ——
Lopez-Jimenez et al,'® 2008 63 460 73 915 8.0 1.72 (1.25, 2.36) ——
Myers et al,?” 2011 87 489 47 487 7.9 1.84 (1.32, 2.57) ——
Robins et al,2* 2008 132 887 191 1079 8.5 0.84(0.69, 1.03) —a—
Walker et al,?® 1995 28 134 94 521 7.6 1.16 (0.79, 1.69) b
Subtotal (95% CI) 7370 13,896 75,5 1.62(1.26, 2.08) <@
Total events 897 1056
Heterogeneity: y?=64.40, df=9 (P<0.00001); 1>=86%
Test for overall effect: Z=3.77 (P=0.0002)
Total (95% CI) 12,831 19,301 100.0 1.30 (1.00, 1.69) <o
Total events 1085 1329
Heterogeneity: ¥2=124.51, df=13 (P<0.00001); [>=90%
Test for overall effect: Z=1.93 (P=0.05)
Test for subgroup differences: ¥2=31.26, df=1 (P<0.00001), 12=96.8% f T T ¥
0.2 0.5 1 2 5
Favors Favors weight
weight loss maintenance

Figure 2.

Effect of Weight Loss on Clinical Outcomes in Patients with Coronary Artery Disease
According to Association with Therapeutic Lifestyle Changes
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Weighting Hazard ratio
Log of studies IV, random, Hazard ratio
Study or subgroup (hazard ratio) SE (%) (95% ClI) IV, random, (95% ClI)
Weight loss associated with therapeutic lifestyle change
Sierra-Johnson et al,® 2008 -0.462 0.3299 8.2 0.63 (0.33, 1.20) ——
Subtotal (95% CI) 8.2 0.63 (0.33, 1.20) ’.
Heterogeneity: Not applicable
Test for overall effect: Z=1.40 (P=0.16)
Weight loss not associated with therapeutic lifestyle change
Doehner et al,22 2011 0.6111 0.0686 17.6 1.84 (1.61,2.11) -
Kang et al,23 2012 0.5878 0.2898 94 1.80(1.02, 3.18) B
Kennedy et al,'” 2006, 4S 0.3646 0.1237 15.8 1.44 (1.13,1.84) —_
Kennedy et al,’” CONSENSUS 0.6729 0.3088 8.8 1.96 (1.07, 3.59) ——
Kennedy et al,'” OPTIMAAL 0.2311 0.1128 16.2 1.26 (1.01, 1.57) [~
Kocz et al,2* 2012 1.141 0.1662 14.1 3.13(2.26, 4.34) —_—
Lopez-Jimenez et al,'® 2008 0.7227 0.2733 10.0 2.06 (1.21, 3.52) —_—
Subtotal (95% Cl) 91.8 1.81 (1.44, 2.28) <&
Heterogeneity: x2=24.25, df=6 (P=0.0005); 12=75%
Test for overall effect: Z=5.07 (P<0.00001)
Total (95% CI) 100.0 1.67 (1.30, 2.14) ‘
Heterogeneity: ¥2=33.51, df=7 (P<0.0001); I2=79%
Test for overall effect: Z=4.04 (P<0.00001)
Test for subgroup differences: 2=9.09, df=1 (P=0.003), 12=89.0%
0.2 05 1 2 5
Favors Favors weight
weight loss maintenance

Figure 3.

Adjusted All-Cause Mortality Associated with Weight Loss By Association with

Therapeutic Lifestyle Change
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