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Body Composition and Coronary Heart Disease Mortality—
An Obesity or a Lean Paradox?

CARL J. LAVIE, MD; ALBAN DE SCHUTTER, MD; DHARMENDRAKUMAR PATEL, MD;
SURYA M. ARTHAM, MD; AND RICHARD V. MiLANI, MD

OBJECTIVE: To determine the combined effects of body mass index
(BMI) and body fat (BF) on prognosis in coronary heart disease
(CHD) to better understand the obesity paradox.

PATIENTS AND METHODS: We studied 581 patients with CHD
between January 1, 2000, and July 31, 2005, who were divided
into low (<25) and high BMI (>25), as well as low (<25% men and
<35% women) and high BF (>25% in men and >35% in women).
Four groups were analyzed by total mortality during the 3-year
follow-up by National Death Index: low BF/low BMI (n=119), high
BF/low BMI (n=26), low BF/high BMI (n=125), and high BF/high
BMI (n=311).

RESULTS: During the 3-year follow-up, mortality was highest in the
low BF/low BMI group (11%), which was significantly (P<.001)
higher than that in the other 3 groups (3.9%, 3.2%, and 2.6%, re-
spectively); using the high BF/high BMI group as a reference, the
low BF/low BMI group had a 4.24-fold increase in mortality (con-
fidence interval [CI], 1.76-10.23; P=.001). In multivariate logistic
regression for mortality, when entered individually, both high BMI
(odds ratio [OR], 0.79; Cl, 0.69-0.90) and high BF (OR, 0.89; Cl,
0.82-0.95) as continuous variables were independent predictors
of better survival, whereas low BMI (OR, 3.60; Cl, 1.37-9.47) and
low BF (OR, 3.52; Cl, 1.34-9.23) as categorical variables were
independent predictors of higher mortality.

CONCLUSION: Although both low BF and low BMI are independent
predictors of mortality in patients with CHD, only patients with
combined low BF/low BMI appear to be at particularly high risk of
mortality during follow-up. Studies are needed to determine optimal
body composition in the secondary prevention of CHD.

Mayo Clin Proc. 2011;86(9):857-864

BF = body fat; BMI = body mass index; CHD = coronary heart disease;
Cl = confidence interval; COPD = chronic obstructive pulmonary disease;
CRP = C-reactive protein; CV = cardiovascular; EF = ejection fraction;
HDL-C = high-density lipoprotein cholesterol; HF = heart failure;
HR = hazard ratio; HTN = hypertension; LVH = left ventricular hypertrophy;
OR = odds ratio; peak \'Io2 = peak oxygen consumption; T2DM = type 2
diabetes mellitus

espite the well-known adverse affects of obesity on al-

most all aspects of coronary heart disease (CHD) and
CHD risk factors, including hypertension (HTN), plasma lip-
ids, inflammation, glucose abnormalities, insulin resistance,
metabolic syndrome and type 2 diabetes mellitus (T2DM), as
well as left ventricular hypertrophy (LVH), many studies of co-
horts with established cardiovascular (CV) disease, including
heart failure (HF), HTN, as well as CHD, have demonstrated
an inverse relationship between obesity, generally determined
by body mass index (BMI [calculated as the weight in kilo-
grams divided by the height in meters squared]), on subsequent
mortality, referred to as the obesity paradox."* The obesity
paradox has also been demonstrated in non-CV studies that in-
cluded patients with advanced renal disease and the elderly.>*
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Many large studies of cohorts with CHD have demonstrated
this obesity paradox,>’ which has also been demonstrated in a
large meta-analysis by Romero-Corral et al® from Mayo Clinic,
who analyzed 40 cohort studies totaling more than 250,000
patients with CHD grouped according to BMI.

Although BMI is the most frequently used method to as-
sess overweightness/obesity, especially in large epidemiologic
studies, this method has been criticized because BMI does
not always reflect true body fatness.!*"'* Some investigators
have theorized that at least part of the inconsistent relation-
ship between obesity and major CV disease events, including
mortality, may be due to the inaccurate diagnosis of obesity by
the BMI assessment and that defining obesity by other meth-
ods, including waist circumference, waist/hip ratio, as well as
percent body fat (BF) may be more accurate.>"'* We have re-
cently demonstrated this obesity paradox in a cohort of CHD
patients using both BMI and BF determinations.'*

To our knowledge, no prior studies have determined the
independent effects of both BMI and BF on mortality in a
cohort of CHD patients. Therefore, in the current evaluation,
we determined the combined and independent impact of both
BMI and BF on mortality in a cohort with stable CHD.

PATIENTS AND METHODS

We retrospectively reviewed the case records of 581 consecu-
tive patients with stable CHD who were referred for potential
entry into formal cardiac rehabilitation programs between
January 1, 2000, and July 31, 2005, and who had baseline an-
thropometric, lipid, and clinical data, as we have previously de-
scribed.'* Patients were divided into low (<25) and high (>25)
BML. Elevated BF has been defined as greater than 25% in
men and greater than 35% in women,'>!° so patients were also
divided into low (<25% men and <35% women) and high BF
(>25% men and >35% women). On the basis of this approach,
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BODY COMPOSITION AND HEART DISEASE MORTALITY

TABLE 1. Baseline Characteristics of the Study Population

Total Alive Dead

Parameter N=581 n=555 n=26 P value
Body mass index, kg/m? 28.6+5.1 28.7£5.0 25.1+5.1 <.001
% Body fat 29.4+7.9 29.6+7.9 25.2+6.8 .003
Age,y 63.9+10.7 63.6+10.6 72.1+9.4 <.001
Systolic blood pressure, mm Hg 125.5+19.1 125.8+18.9 110£20.9 .04
Diastolic blood pressure, mm Hg 73.8+10.7 73.9+10.6 68.3x13.5 20
Ejection fraction, % 54.7£11.2 55.2+10.7 42.9+16.7 .002
Peak oxygen consumption, mL/kg/min 16.7+£5.3 16.9+5.3 12.4+3.3 <.001
Total cholesterol, mg/dL 166.8+37.1 166.6+37.4 171.5£30.0 .56
High-density lipoprotein cholesterol, mg/dL 41.4x12.7 41.3+12.5 42.9+16.1 .53
Triglycerides, mg/dL 147.6+83.0 147.2+83.1 155.5+83.8 .63
Low-density lipoprotein cholesterol, mg/dL 97.3+£34.9 97.3+£35.3 97.4+25.0 .94
C-reactive protein, mg/L 5.6£9.2 5.6£9.3 6.5£7.0 .69
Fasting glucose, mg/dL 110.3£29.7 110.0£29.8 113.9+26.2 .53
Hypertensive,* No. (%) 189 (35.3) 177 (34.4) 12 (54.5) .05
Female, No. (%) 157 (27.1) 120 (27.0) 7 (26.9) .99
Smokers,” No. (%) 6(1.3) 5(1.2) 1(5) A5
Diabetics,” No. (%) 55(23.3) 49 (21.9) 6(31.6) 33

 Status on history of hypertension, current smoking, and history of diabetes was recorded in 536, 446, and 243 patients,

respectively.

4 groups were analyzed: low BF/low BMI (n=119), high BF/
low BMI (n=26), low BF/high BMI (n=125), and high BF/
high BMI (n=311).

BASELINE ASSESSMENT

At baseline, fasting plasma lipids, glucose, and high-sensitive
C-reactive protein (CRP), as well as anthropometric profile
(height, weight, BMI, and percent BF) were assessed. Body fat
was assessed by the sum of the skinfold method using the aver-
age of 3 skinfolds—chest, thigh, and abdomen in men; thigh,
triceps, and suprailiac in women, as previously described.'*!?
All measurements were made in the early morning before exer-
cise testing. Symptom-limited cardiopulmonary exercise test-
ing was performed (as previously described in detail) to assess
peak oxygen consumption (peak \702).“"19 Prevalence of HTN,
current smoking, diabetes, and chronic obstructive pulmonary
disease (COPD) was recorded in 536, 446, 243, and 578 pa-
tients, respectively. Patients were followed up for an average
of more than 3 years (mean + SD, 1257+528 days; range,
231-2149 days) to determine all-cause mortality (but not cause-
specific mortality) assessed by the National Death Index.

STATISTICAL ANALYSES

SAS 9.0 computer software (SAS Institute, Cary, NC) was
used for statistical analysis. Means + 1 SD or proportions for
baseline risk factors were reported, and data for the 4 groups
were compared with analysis of variance and % analysis. Ad-
ditionally, because mortality appeared to differ in the group
with low BF/low BMI, nonpaired ¢ tests were performed for
baseline characteristics between this group and each of the
other 3 groups. Kaplain-Meier survival curves were construct-
ed to assess survival by both high and low BMI and high and
low BF (using these data, a proportional hazards regression
model was tested that included the BMI — BF term), as well as

in the 4 distinct body composition groups. Death hazard ratios
(HRs) were obtained in the 4 groups using the high BF/high
BMI as the reference group. Multivariate logistic regression
and Cox regression were performed to predict mortality using
age, sex, ejection fraction (EF), peak Vo,, and BMI and BE,
individually and together, using these as continuous and cat-
egorical (high vs low) variables. Additionally, the interaction
between BMI and BF was assessed with multivariate analysis.
These analyses were also performed with and without 27 pa-
tients classified as having COPD, as well as with COPD as a
categorical variable in the multivariate analyses.

RESULTS

BASELINE CHARACTERISTICS

Baseline characteristics for the study population in Table 1
show that the mean BMI (28.6+5.1) was in the overweight
range and that the mean BF (29.4+7.9%) was relatively high.
Compared with those who died, survivors had significantly
higher BMI, BF, systolic blood pressure, EF, and peak Voz, and
they had significantly lower age and prevalence of HTN. Al-
though BMI and BF were highly correlated (r=0.60; P<.001),
there was considerable variability in this relationship; the cor-
relations were better when comparing males (r= 0.67; P<.001)
and females (r=0.75; P<.001) separately, and even better when
comparing similar ages and sex (data not shown). The baseline
characteristics of the 4 distinct body composition groups are
described in Table 2, with the groups showing significant dif-
ferences in BMI and BF (by study design), but also in age, peak
Vo,, high-density lipoprotein cholesterol (HDL-C), triglycer-
ides, and fasting glucose. Patients with low BF/low BMI have
a higher prevalence of HTN than those with high BF/low BMI
(P=.02) and slightly higher current smoking than those with
high BF/high BMI (P=.02) as well as lower peak Vo, (P<.001)
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TABLE 2. Baseline Characteristics of the 4 Groups Divided by High (>25) and Low (<25) Body Mass Index (BMI) and High (>25% Men and
>35% Women) and Low (<25% Men and <35% Women) Body Fat (BF)

High BF/high BMI Low BF/high BMI High BF/low BMI Low BF/low BMI

Parameter (n=311) (n=125) (n=26) (n=119) P value®
BMI, kg/m? 31.5+4.6° 27.9+2.7° 23.5+1.2 23.1+1.3 <.001
% BF 34.1x6.8° 24.0+4.6 29.5+5.1° 23.4+4.9 <.001
Age,y 63.3+10.1° 61.7+11.1° 65.8+9.5 67.9+10.7 <.001
Systolic blood pressure, mm Hg 125.4+18.9 125.9+£21.2 126.1£15.8 124.7+19.3 99
Diastolic blood pressure, mm Hg 74.1£11.2° 74.0£9.2 75.729.0¢ 71.4+10.1 .35
Ejection fraction, % 55.6+10.7° 53.7+12.7 54.0+£9.2 52.7+11.7 .16
Peak oxygen consumption, mL/kg/min 16.1+5.2 18.6x5.5" 17.7+5.9 16.2+4.7 <.001
Total cholesterol, mg/dL 167.9+36.7 162.3+31.0 166.4+35.9 166.5+42.0 .89
High-density lipoprotein cholesterol, mg/dL 39.8+10.8" 46.5+13.7 40.1x13.9° 45.5+14.8 <.001
Triglycerides, mg/dL 158.9+91.0 112.7£51.1 149.5+82.1¢ 128.2+57.0 .001
Low-density lipoprotein cholesterol, mg/dL 97.9+35.7 92.9+24.6 95.4+30.4 96.5+29.1 .82
C-reactive protein, mg/L 6.2£9.2 3.4+4.4° 4.1+5.2°¢ 5.7+12.4 13
Fasting glucose, mg/dL 113.9+33.4° 104.6+£27.5 107.9+£26.9 103.8+18.9 .009
Hypertensive,® No. (%) 102 (35.0) 47 (40.5) 5(20.8)f 35(32.6)
Female, No. (%) 85(27.3)% 24 (19.2)" 6(23.0) 42 (33.6)
Smokers,” No. (%) 2(0.8)% 1(1.1) 0(0.0) 3(3.5)
Diabetics,® No. (%) 32(26.7)° 15 (24.2)' 1(11.1) 7(14.9)

 Calculated on the basis of analysis of variance.

b P<.001 compared with low BF/low BMI.

¢ P<.01 compared with low BF/low BMI.

4 P<.05 compared with low BF/low BMIL.

¢ Status on history of hypertension, current smoking, and history of diabetes was recorded in only 536, 446, and 243 patients, respectively.
f p=002 compared with low BF/low BMI.

£ P=.02 compared with low BF/low BMI.

" p=.007 compared with low BF/low BMI.

' P=.001 compared with low BF/low BMI.

than the low BF/high BMI group and slightly higher mean age group (P<.001), and lower prevalence of diabetes than the 2
than the 2 high BMI groups (both P<.001). However, those with high BMI groups (P<.001 and P=.001, respectively).

low BF/low BMI also have profiles often associated with lower

CV risk, including higher levels of HDL-C (both P<.001) and SurvivaL CurvE

lower triglycerides (P<.001 and P<.01, respectively) than the Patients with high BMI had better survival than those with
2 high BF groups, lower glucose than the high BF/high BMI low BMI (P<.001) (Figure 1). Likewise, those with high BF
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FIGURE 1. Kaplain-Meier survival curves of patients divided by high (>25; n=436) and low (<25; n=145) body mass index ([BMI] left
panel) and high (>25% men and >35% women; n=337) and low (<25% men and <35% women; n=244) body fat ([BF] right panel). A
proportional hazard regression that included a BMI-BF interaction term showed no significant interaction between BMI and BF (P=.09).

Mayo Clin Proc. * September 2011;86(9):857-864 +  doi:10.4065/mcp.2011.0092 + www.mayoclinicproceedings.com 859

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.
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also had better survival than those with low BF (P<.001).
We fitted a proportional hazards regression model that in-
cluded a BMI-BF interaction term, and the results showed
no significant interaction between BMI and BF (P=.09).
When assessing survival in the 4 distinct body composition
groups, patients with low BF/low BMI had higher mortal-
ity than the other 3 groups (Figure 2; P<.001). Using the
high BF/high BMI as a reference, the low BF/low BMI
group had a 4.24-fold increase in mortality (CI, 1.76-10.23;
P=.001), whereas mortality was not significantly increased
in the high BF/low BMI (HR, 1.51; confidence interval
[CI], 0.19-12.06; P=.70) or low BF/high BMI groups (HR,
1.23; CI, 0.37-4.10; P=.73). Adjusting for age, EF, peak
Voz, and sex, again using the high BF/high BMI as a refer-
ence, the low BF/low BMI group had a 4.07-fold increase
in mortality (CI, 1.48-11.16; P=.01), whereas mortality
was not significantly increased in the high BF/low BMI
(HR, 1.73; CI, 0.21-14.33; P=.61) or low BF/BMI (HR,
1.91; CI, 0.54-67.9; P=.32) groups. Eliminating the 6 pa-
tients with underweight BMI (<18.5) who had 50% mortal-
ity, those with low BF/low BMI still had higher mortality
(8.9%) than did the other 3 groups (all P<.001).

MuLTivARIATE PREDICTORS OF IMIORTALITY

In multivariate analysis using logistic regression, both high
BMI (odds ratio [OR], 0.79; CI, 0.69-0.90) and high BF
(OR, 0.89; CI, 0.82-0.95) when entered into the analysis
individually as continuous variables were independent pre-

dictors of lower 3-year mortality. Other independent pre-
dictors of mortality are listed in Table 3, with only higher
EF and greater exercise capacity (higher peak Voz) being
independent predictors of better survival in all the models.
Likewise, both low BMI (OR, 3.60; CI, 1.37-9.47) and
low BF (OR, 3.52; CI, 1.34-9.23) when entered into the
analysis individually as categorical values (low vs high)
were also strong independent predictors of 3-year mortal-
ity. However, when both BMI and BF were entered into
the model together, neither was a significant independent
predictor of 3-year mortality, although low BMI as a con-
tinuous variable was nearly statistically significant (OR,
0.8; CI, 0.69-1.00). When using Cox regression analysis,
both BMI (HR, 0.82; CI, 0.73-0.92; P=.001) and BF (HR,
0.90; CI, 0.84-0.96; P=.001) were significant independent
predictors of mortality when entered individually as con-
tinuous variables but not when entered together (BMI:
HR, 0.87; CI, 0.74-1.02; P=.09 and BF: HR, 0.95; CI,
0.87-1.04; P=.29). When using categorical variables, low
BMI (HR, 2.99; CI, 1.25-7.17; P=.01) and low BF (HR,
2.93; CI, 1.20-7.18; P=.02) were independent predictors
of mortality when entered individually but not when en-
tered together (low BMI: HR, 2.00; CI, 0.72-5.58; P=.19;
and low BF: HR, 2.05; CI, 0.71-5.89; P=.18).

Impact oF COPD
In our cohort of 578 patients coded yes or no for COPD,
27 patients were coded as having COPD with a mortality

100
=
T g5 | e High BF/high BMI
> - — =~ High BF/low BMI
@ ———  Low BF/high BMI
Low BF/low BMI
*P<.001 compared with other groups
50_ T T T T
0 500 1000 1500 2000
Time to event (days)
No. at risk
High BF/high BMI | 311 262 186 107 10
High BF/low BMI | 125 116 88 51 6
Low BF/high BMI 26 23 17 10 2
Low BF/low BMI | 119 110 81 46 12

FIGURE 2. Kaplain-Meier survival curves of patients categorized by high and low body mass index (BMI) and high
and low body fat (BF) with cut-points as in Figure 1 and categories as in Table 2.
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TABLE 3. Multivariate Logistic Regression for 3-Year Mortality Using Body Mass Index (BMI) and Body Fat (BF) as
Continuous and Categorical Variables (N=581)

Parameter Odds ratio 95% Confidence intervals Odds ratio 95% Confidence intervals
With BMI as categorical variable
With BMI as continuous variable (low vs high)
Age 1.017 0.955 -1.084 1.038 0.977 - 1.102
Ejection fraction 0.95 0.922-0.979 0.951 0.922 -0.980
Peak oxygen consumption 0.753 0.649 — 0.873 0.777 0.673 - 0.897
BMI 0.788 0.687 — 0.903 3.600 1.370 - 9.465
Sex (female vs male) 0.319 0.096 — 1.063 0411 0.131 -1.288
With BF as categorical variable
‘With BF as continuous variable (low vs high)
Age 1.037 0.977 - 1.101 1.049 0.989 -1.112
Ejection fraction 0.951 0.923 - 0.980 0.953 0.926 - 0.982
Peak oxygen consumption 0.760 0.655 —0.882 0.761 0.656 —0.883
BF 0.885 0.822-0.953 3.516 1.339-9.232
Sex (female vs male) 1.171 0.359 - 3.817 0.399 0.127 - 1.253
‘With both BMI and BF as categorical variables
With both BMI and BF as continuous variables (low vs high)

Age 1.018 0.956 — 1.084 1.036 0.975-1.101
Ejection fraction 0.950 0.922-0.979 0.952 0.924 - 0.981
Peak oxygen consumption 0.750 0.646 —0.871 0.762 0.657 - 0.883
BMI 0.833 0.692 - 1.001 2.239 0.715-7.011
BF 0.956 0.861 — 1.062 2.341 0.746 - 7.351
Sex (female vs male) 0.466 0.104 —2.084 0.373 0.117-1.187
2 For BF-BMI interaction, P=.58.

of 18.5% compared with only 3.8% mortality in 551 not DISCUSSION

coded with COPD (P<.001). Compared with those with-
out COPD, those with COPD had lower BMI (25.4+5.2
vs 28.7£5.1; P=.001), peak Vo, (11.8+3.1 vs 16.9+5.3
mL/kg/min; P<.001), fasting glucose (96.2+10.3 vs
110.8+30.0 mg/dL; P=.03), and diabetes (0 vs 25.1%;
P=.01) and higher age (71.7+6.5 vs 63.7x10.7 years;
P<.001), total cholesterol (200.7+37.5 vs 165.8+36.9
mg/dL; P<.001), HDL-C (63.1+22.8 vs 40.5+11.4
mg/dL; P<.001), low-density lipoprotein cholesterol
(112.5+34.6 vs 96.2+32.7 mg/dL; P=.03), female sex
(51.9 vs 25.8%; P=.003), and prevalence of HTN (65.4
vs 33%; P=.001). Those with COPD had slightly lower
BF (27.3£9.0 vs 29.6+7.9%; P=.15). However, when
COPD was entered into the multivariate analyses (using
either logistic regression or Cox regression), COPD was
not a significant independent predictor and did not have
a major effect on the impact of BMI and/or BF. If all the
patients with COPD were eliminated from multivariate
analyses (eg, logistic regression), BMI was still a sig-
nificant independent predictor (OR, 0.86; CI, 0.74-0.99),
whereas BF was not significant statistically (OR, 0.94;
CI, 0.86-1.03). Additionally, without the COPD patients,
although mortality with the low BF/low BMI group
(n=107) is lower (7.4%), it is still higher than the other
groups (high BF/high BMI [n=300], 2.7%; P=.002; high
BF/low BMI [n=26], 3.9%; P=.01; and low BF/high BMI
[n=121], 3.3%; P=.00).

The current study has 3 main findings. First, we con-
firmed the obesity paradox in this population of patients
with stable CHD using both BMI and BF criteria for over-
weightness/obesity. Second, we demonstrated that higher
BMI and BF when entered individually, used as continu-
ous or categorical variables, were independent predictors
of better survival in patients with stable CHD. Third, we
demonstrated that in this obesity paradox (or lean paradox
as discussed subsequently), higher mortality appears to be
confined to the subgroup of CHD patients with both low
BMI and low BE.

OsBesiTY ParADOX

Obesity clearly has numerous adverse effects on nearly
all the major CHD risk factors, including dyslipidemia,
HTN, glucose abnormalities (insulin resistance, metabolic
syndrome, and T2DM), inflammation (especially levels
of CRP), as well as LVH, and is probably an independent
CHD risk factor.! Besides being a risk factor for CHD, obe-
sity is associated with increased risk of the most common
CV diseases, including HTN, HF, atrial fibrillation, as well
as many other CV diseases, as we have reviewed previous-
ly.1>2 However, despite this powerful association between
obesity and CHD risk factors, CHD, and most CV diseases,
numerous studies have now demonstrated that in cohorts
with established CV diseases, including HTN, HF, periph-
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eral arterial disease, atrial fibrillation, as well as CHD,
patients with overweightness/obesity have better clinical
prognosis than do their lean counterparts,'>681421-27 which
has been termed the obesity paradox.

Many studies have now demonstrated this obesity para-
dox in CHD cohorts,>” including patients with CHD with
and without revascularization procedures.® In a meta-anal-
ysis from Mayo Clinic, Romero-Corral et al® analyzed 40
cohort studies totaling more than 250,000 patients with
CHD grouped according to BMI. In an analysis of all-
cause mortality, the low BMI group had by far the highest
mortality, whereas the obese patients had lower risk. Over-
weight patients had the lowest relative risk in their adjusted
analysis, whereas obese and severely obese patients had no
increased risk. Recently, this obesity paradox was also de-
scribed in nearly 7000 male non-HF veterans referred for
stress testing.?’

Use oF BF DETERMINATION

Although BMI is the most common method to define
overweightness/obesity, especially in major epidemio-
logic studies, this method has been criticized because it
may not always reflect true body fatness, and BMI/body
fatness may differ considerably among the various ages,
sexes, and races.”!*?® Part of the explanation for the un-
expected association between BMI and outcomes in CHD
and other CV diseases could be due to the poor diagnos-
tic performance of BMI to define body fatness and lean
body mass, factors that could be associated with oppos-
ing outcomes in CV diseases.'**? In fact, the group from
Mayo Clinic has previously demonstrated that BMI per-
forms suboptimally in predicting obesity as defined by BF
(>25% in men and >35% in women) in a CHD popula-
tion.” Some clinical populations have low BMI and high
BF and have higher CHD prevalence than do their low
BF counterparts.*® Stroke has also been associated with
BF rather than with BMIL.3' Nevertheless, we previously
demonstrated an obesity paradox using both BMI and BF
criteria in our CHD population.'

In the current study of patients with stable CHD, we
also demonstrated an obesity paradox using both BMI and
BF. In fact, both higher BMI and BF, when entered individ-
ually into a multivariate analysis, either as continuous or
categorical variables, were associated with lower mortality.
In patients with BMI of 25 or greater or BF greater than
25% in men and greater than 35% in women, 3-year mor-
tality was reduced by 3.6-fold and 3.5-fold, respectively.

A recent study by McAuley et al* of 12,417 veterans
who were referred for exercise stress testing demonstrated
that fitness altered the obesity paradox. In fact, highly fit
overweight men had the lowest mortality risk, and over-
weight and obese men with moderate fitness had mortal-

ity rates similar to the highly fit normal-weight reference
group. In the current study, however, we defined fitness
precisely by cardiopulmonary exercise testing and precise-
ly determined peak V02, as opposed to simply estimating
fitness by speed and workload on the treadmill. Although
high peak \702 was an independent predictor of lower mor-
tality in all our multivariate analyses, high BMI or high
BF, as both continuous and categorical variables, was still
independently associated with lower mortality even when
fitness was considered.

OBEsITY PARADOX Vs LEAN PARADOX

The mechanisms to explain this puzzling paradox are dif-
ficult to decipher. As in most studies, our study did not
control for nonpurposeful weight loss before study entry.
However, in general, patients referred for cardiac reha-
bilitation programs are stable from a non-CV standpoint.
Also, the obesity paradox may be modified by physical
wellness or other unmeasured confounding factors that
link the presence of chronic diseases to outcomes.** How-
ever, only 6 of our 581 study patients were classified as
“underweight” (BMI <18.5), although this group had a
50% mortality rate. We also did not measure pulmonary
function in our simple assessment for COPD; however,
only a very small number of our patients were active smok-
ers, and many studies of CHD cohorts have demonstrated
that smoking cessation in patients with CHD is associated
with a favorable prognosis, nearly equal to never smokers
within almost 6 months of smoking cessation.** Even in
patients with peripheral arterial disease, in whom smoking
may be a more powerful risk factor than for CHD, chronic
lung disease did not explain the obesity paradox, and in
our cohort, COPD did not appear to be an independent
predictor of mortality or to impact the independent role of
BMI and BF on mortality.?*3*

In our study population, high mortality was confined to
the population with low BF and low BMI. Although our
population with high BF and low BMI was small (n=26),
which makes mortality assessment difficult, the group
with low BF and high BMI (n=125) also had low mortal-
ity, similar to the group with both high BF and high BMI
(n=311). With only 26 patients with high BF and low BMI
(referred to as obese sarcopenia), our study is not powered
to fully assess this group. However, if we use a cutpoint
of 30% BF in women instead of 35%, our number in this
group increased to 39 patients, with a 3-year mortality of
only 2.8%. Although the patient group with both low BF
and low BMI had some factors that could be associated with
a poor prognosis (higher age and slightly higher current
smokers), it also had a low percentage of diabetes, higher
HDL-C, and lower triglycerides and fasting glucose, factors
that may be associated with a lower overall risk. As we have
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suggested previously,'*!* overweight and obese patients
with CV diseases might not have developed these diseases,
including CHD as in the current study, in the first place if
weight gain had been prevented. In contrast, leaner patients,
especially those with low BF and low BMI as in the current
study, who developed this same disease may have a differ-
ent pathophysiologic etiology, including genetic predisposi-
tion, that may lead to a poor prognosis, thus suggesting a
lean paradox as opposed to an obesity paradox.

Stupy LimiTATIONS

Several potential study limitations should be emphasized.
First, this is a relatively small (especially small number with
high BF and low BMI) retrospective study of a select cohort
referred to cardiac rehabilitation from a metropolitan area
with a high prevalence of overweightness/obesity, with a
relatively short follow-up. Second, we assessed BF by the
sum of the skinfold method, as opposed to more sophisticat-
ed methods, such as hydrostatic weighing, air displacement
plethysmography, bioelectrical impedance, and the criterion
standard dual-energy x-ray absorptiometry.>'** Third, we
did not assess other surrogate markers of “at risk’ obesity,
such as waist-to-hip ratio and, especially, waist circumfer-
ence. In fact, a recent study of 15,923 CHD patients from
5 studies, including the Mayo Clinic’s CV Rehabilitation
Database, demonstrated that central obesity was associated
with mortality, including in patients with “normal” BMI
(18.5-25) as well as in those with BMI of 30 or greater,>*
and a study in patients with end-stage renal disease also
suggested that the obesity paradox is not present in patients
with high waist circumferences.’” However, another recent
study in HF indicated that high waist circumference is an
independent predictor of better event-free survival and dem-
onstrated that the best prognosis was in HF patients with
both high waist circumference and high BML** We also
did not assess peripheral BF, particularly thigh fat, which
may be inversely related to all-cause mortality and may in-
dependently enhance cardiometabolic health and may help
explain the obesity paradox.***> As previously mentioned,
our study had a very small number in the group with obese
sarcopenia. We also used BF cutpoints of 25% in men and
35% in women,'>'® and as we have recently discussed, these
cutoffs could be in the 20% to 25% range in men and 30%
to 38% range in women.*** Finally, we assessed total mor-
tality, which is certainly an important end point, but did not
assess other CV and CHD events.

CONCLUSION

Our data indicate that in CHD patients, an obesity paradox
(or actually lean paradox) exists, suggesting that patients
with higher BMI or higher BF have lower mortality than

BODY COMPOSITION AND HEART DISEASE MORTALITY

those with less obesity. However, our results indicate that
only those patients with combined low BF and low BMI
appeared to be at particularly high risk of mortality during
follow-up. Further studies are needed to determine optimal
body composition (using more sophisticated methods to
assess BF such as dual-energy x-ray absorptiometry scans)
in both primary and secondary CHD prevention.
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