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Abstract

Objective—To evaluate the cardiovascular (CV) prognostic value of adipokines in a large
prospective cohort of patients participating in the Bypass Angioplasty Revascularization
Investigation 2 Diabetes (BARI 2D) trial.

Patients and Methods—The effects of the adipokine levels at baseline and change from
baseline on the composite outcome (CV death, myocardial infarction and stroke) were analyzed
using unadjusted and fully adjusted Cox models in 2330 patients with type 2 diabetes (DM) and
coronary artery disease (CAD) who had participated in BARI2D trial (January 2001, through
November 2008).

Results—In a fully adjusted model, baseline leptin and change from baseline leptin were
protective for CV events, while baseline adiponectin, baseline tumor necrosis factor-alpha (TNF-
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a), change from baseline TNF-a, baseline C-reactive protein (CRP), and change from baseline
CRP were harmful. The effect of baseline leptin on CV events depended on the body mass index
(BMI), such that the hazard ratios (HR) varied between 0.6 and 1.4 across the BMI quintiles
(interaction P=.03). The same was true for baseline adiponectin (HR varied between 0.7 and 1.7,
interaction P=.01), change from baseline monocyte chemoattractant protein-1 (MCP-1) (HR varied
between 0.8 and 1.8, interaction ~=.03), change from baseline TNF-a (HR varied between 0.9 to
1.4, interaction P=.02), and change from baseline CRP (HR varied between 0.7 to 1.2, interaction
P=.02).

Conclusions—Adipokines are independent predictors of CV events in patients with DM and
CAD. The association between the specific adipokines and CV outcome varies depending on BMI.
This reflects the complex pathophysiology of CV disease in obesity and may help explain the
“obesity paradox”.

Clinical Trial Registration—http://www.clinicaltrials.gov/ct2/show/NCT00006305
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INTRODUCTION

Among many comorbid conditions of obesity, cardiovascular (CV) disease and risk factors
for CV disease play a prominent role.12 Of note, the relationship between body mass and
CV disease appears to be continuous and there is evidence of increased CV risk even at
mildly elevated body mass index (BMI) levels.3# The correlation between BMI and CV risk
is independent of other traditional metabolic and CV risk factors,3# suggesting that BMI
may predispose to CV disease due to other unique adipose tissue-related variables.

Obesity has also been linked to increased mortality.>:6 However, the association between
body mass and mortality appears to be complex. The term “obesity paradox” has been used
to describe a U- or J-shaped relationship between the BMI and clinical outcome in people
with CV diseases, which reflects the phenomenon where overweight individuals appear to
have better survival compared to the leaner ones.2>7

Adipose tissue releases bioactive hormones, known as adipokines.® Adipokines may mediate
the association between obesity and CV disease, %19 but clinical reports on the relationship
between adipokines and CV outcome have been inconsistent. For example, higher leptin
levels have been associated with unfavorable 11-14 or favorable 1516 CV effects. Similarly
divergent results have been reported for adiponectin.1’-29 Some studies did not observe any
significant or independent associations.3%:31 To better understand the differences between
various clinical reports, we evaluated independent prognostic value of baseline levels and
longitudinal changes of several adipokines in a large prospective cohort of patients
participating in the Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI
2D) outcome trial.32
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RESEARCH DESIGN AND METHODS

The design and primary outcome results from the BARI 2D trial have been previously
published.32 The protocol was approved by the institutional ethics committee of all
participating sites and all subjects provided informed consent. BARI 2D enrolled 2368
participants with type 2 diabetes (DM) and coronary artery disease (CAD) between January
2001 and March 2005. Participants were randomized using a 2x2 factorial design to
simultaneously place them into a CV randomized group and a DM randomized group. The
CV randomization was to either revascularization and aggressive medical therapy, or
aggressive medical therapy alone with deferred revascularization as needed. The DM
randomization was to either a primarily insulin sensitizing (1S) or primarily insulin
providing (IP) glycemic control strategies. No differences were found in baseline
characteristics across groups.32 All participants had concomitant risk factor control for
hypertension, dyslipidemia and obesity, and a goal HbAlc of < 7.0% regardless of
randomization assignment. Follow-up ended in November 2008.

This analysis is based on an ancillary study to the BARI 2D trial. The study evaluated blood
levels of selected adipokines and cytokines: leptin, adiponectin, monocyte chemoattractant
protein-1 (MCP-1), tumor necrosis factor-alpha (TNF-a) and interleukin 6 (IL-6). CRP was
also assessed. All samples were analyzed in the Laboratory of Clinical Biochemistry
Research at the University of Vermont. IL-6, leptin, TNF-a and MCP-1 were analyzed using
a bead-based multiplex assay system (Millipore Adipokine Panel B). Total adiponectin was
measured by a validated enzyme-linked immunoassay (R&D Systems) and high sensitivity
CRP by Nephelometry (Siemens). The interassay coefficients of variation were between
5.0% and 8.5%.

Up to three stored fasting blood samples were obtained from each participant: a baseline, a
year 1, and a unique last measurement. For some of the participants, a unique last
measurement was not possible and the baseline or year 1 measurement was the final
measurement available. Participants needed to have a baseline stored blood sample available
for analysis (N=2330 of the 2368 participants). Annual adipokine values between year 1 and
the last measurement (or baseline and the last measurement if there was no first year
measurement) were estimated with linear interpolation.

The data handling and the first year change in adipokine values based on the IS or IP
randomization were previously published.33 Briefly, log transformations were used to obtain
approximately normal distributions of the skewed adipokine measures. The adipokine
variables were standardized based on the sex-specific log baseline mean and standard
deviation (SD). There were 26 values that were more than 5 SDs away from the mean and
they were removed from the analysis.

The primary outcome was the composite of CV death, non-procedural myocardial infarction
(M1) and stroke. During the follow-up period, there were 146 CV deaths, 206 nonprocedural
Mls, 66 strokes and 364 composite events (as some patients had multiple events and 54
events occurred after an initial composite event).
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The impact of baseline adipokine levels and their change from baseline on the composite
outcome were analyzed using unadjusted and fully adjusted Cox models. The adjustment
variables included: age, sex, BMI, systolic blood pressure, left ventricular ejection fraction <
50%, number of coronary vessels with >50% stenosis, prior revascularization, history of Ml,
history of stroke, HbAlc, low density lipoprotein, high density lipoprotein and triglyceride
levels, micro- and macro- albuminuria, glomerular filtration rate, current smoking status and
randomization groups. All adjustment variables were measured at baseline, with the
exception of BMI, which was updated each time when adipokine measures were available.
All models included the baseline adipokine value as well as the change from baseline as a
time-varying covariate. If an event occurred prior to the first follow-up adipokine measure at
year 1, then it was assumed that there was no change in the adipokine levels between
baseline and the event. A fully adjusted model containing all the adipokines (but not the
ratios involving adipokines, as they would induce collinearity with the other variables in the
model) was estimated. Interactions for the baseline and the change from baseline are
reported separately. All reported p-values are nominal. The analysis was performed using
SAS/STAT software, Version 9.3 of the SAS System for Windows.

RESULTS

The baseline demographic and clinical characteristics of the study population and the
baseline adipokine/cytokine values are summarized in Table 1. Trial participants were
mostly White middle-aged males with DM. All had angiographically proven CAD; a third
had experienced a prior MI and most received antihypertensive and statin therapy.

Table 2 contains the results for CV outcome. In unadjusted models with only one adipokine
(including both baseline and time-varying change) per model, all adipokines had significant
associations with outcome, with the exception of MCP-1 and leptin/BMI ratio. Change in
leptin and baseline adiponectin had significant associations, as did both baseline and change
values for leptin/adiponectin ratio, TNF-a, CRP, and IL-6. When adding adjustment
variables, the significance and direction of the associations remained unchanged, except for
the addition of significance for baseline leptin, baseline leptin/BMI and change in leptin/
BMI, and the loss of significance for change in IL-6. When combining multiple adipokines
into one fully adjusted model, baseline leptin (hazard ratio [HR]=0.9; 95% confidence
intervals [Cls]: 0.8, 1.0; P=.02) and change from baseline leptin (HR=0.8; 95% Cls: 0.7, 0.9;
P <.001) was protective, while baseline adiponectin (HR=1.2; 95% Cls: 1.0, 1.4; P=.01),
baseline TNF-a (baseline HR=1.1; 95% Cls: 1.0, 1.3; P=.01), change from baseline TNF-a
(HR=1.2; 95% Cls: 1.0, 1.3; P=.02), baseline CRP (HR=1.4; 95% Cls: 1.2, 1.6; < .001)
and change from baseline CRP (HR=1.2; 95% Cls: 1.1, 1.4; P=.004) were harmful.

Effects of the adipokines on outcome were also evaluated using three different subgroups: 1S
vs. IP randomization groups, above or below the median BMI, and females vs. males
(Supplemental Tables 1S, 2S). No interactions of the IS/IP randomization groups were
detected, and the only interactions of sex were with baseline IL-6 and with baseline and
change in BMI. However, several interactions were detected between BMI and the
adipokines, specifically for baseline leptin, change in adiponectin, baseline leptin/BMI ratio,
change in TNF- a, and baseline IL-6. An interaction was also seen between BMI and
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baseline CRP. Of note, in the subgroup of patients with BMI values above the median,
higher baseline BMI (HR=0.4; 95% Cls: 0.2, 0.8; P=.01) and increase in BMI (HR=0.4;
95% Cls: 0.3, 0.6; £<.001) were protective (Supplementary Table 1S), which was not seen
in those with BMI values below the median. Furthermore, in the subgroup of patients with
BMI values above the median, higher baseline waist circumference (HR=0.7; 95% Cls: 0.5,
0.9; P=.008) and increase in waist circumference (HR=0.6; 95% Cls: 0.4, 0.9; P=.02) were
protective, whereas in those with BMI values below the median, higher baseline
circumference was harmful (HR=1.5; 95% Cls: 1.1, 1.9; ~P=.01). To further evaluate these
interactions, additional analyses were performed by quintiles of BMI (Supplemental Table
3S) and quintiles of leptin/adiponectin ratio (Supplemental Table 4S).

Figure 1 and Table 3S summarize the HRs (and corresponding 95% Cls) for the associations
of leptin and adiponectin with outcome in the BMI quintiles. The effect of baseline leptin on
CV events depended on the BMI quintile, such that the hazard ratio (HR) varied between 0.6
and 1.4 across the BMI quintiles (interaction P=.03). The same was true for baseline
adiponectin (HR varied between 0.7 and 1.7, interaction P=.01), and baseline leptin/
adiponectin ratio (HR varied between 0.6 and 1.5, interaction 2=.03). At lower BMIs leptin
was protective, while at higher BMls it tended to be harmful. Adiponectin was harmful in
the lower and higher BMI quintiles compared to the mid-range of BMIs. At lower BMls
higher leptin/adiponectin ratio was protective, but in the 32-36 BMI range it appeared
harmful.

Additional insights in the interrelationship between leptin and adiponectin were obtained by
evaluating the HRs for the association of leptin and adiponectin with outcome in the leptin/
adiponectin ratio quintiles (Figure 2 and Table 4S). The interaction with the leptin/
adiponectin quintiles was significant for baseline leptin (P=.008). Leptin was protective in
the lowest leptin/adiponectin ratio quintile, but not in the higher leptin/adiponectin ratio
range.

With regard to other adipokines/cytokines (see Supplemental Tables 3S and 4S for HRs and
95% Cls), the effect of baseline MCP-1 on CV events varied by BMI quintile (HR range
from 0.8 to 1.8, interaction ~=.03). Similar interactions were observed for change from
baseline TNF-a (HR varied from 0.9 to 1.4, interaction P=.02) and change from baseline
CRP (HR varied from 0.7 to 1.2, interaction £=.02). Change from baseline MCP-1 was
harmful in the lowest BMI quintile, while change in TNF-a was harmful except for the mid-
range of BMIs (Table 3S). There were significant interactions indicating that the association
between MCP-1 change from baseline varied by leptin/adiponectin quintiles (HR range from
0.8 to 1.6, interaction P=.02), which was also true for baseline CRP (HR varied from 1.1 to
2.1, interaction P=.007) and CRP change from baseline (HR varied from 1.1 to 1.6,
interaction £=.03). Change in MCP-1 was harmful in the lowest leptin/adiponectin ratio
quintile, while CRP and change in CRP were harmful in the lowest quintile as well as in the
mid-range of the leptin/adiponectin ratios (Table 4S).

An analysis was also performed in clinically defined BMI strata (Table 3). Of note, specific
adipokines/cytokines were identified whose levels were associated with outcome in normal
weight or overweight patients, but not obese or very obese patients.
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Discussion

The results of this study illustrate the complexity of the pathophysiology of adipokines as
related to CV disease and outcome. First, we confirmed in a very large CV outcome trial that
plasma levels of several adipokines are related to CV outcome, independent of a very broad
range of demographic, clinical, angiographic, echocardiographic and biochemical CV risk
factors previously identified to be related to CV prognosis. This further establishes the role
of adipokines as novel CV risk factors. Second, the relationship of adipokines to CV
outcome is non-linear and differs in various BMI strata.

The novel finding of the non-linear association between adipokine levels and CV outcome
can be explained when one considers complex interactions between adipose tissue and
adipokines based on multiple feedback loops. For example, leptin is secreted by adipose
tissue and its levels increase in obesity. It then acts as a negative feedback mediator to
suppress appetite and affect energy homeostasis in such a way as to prevent further fat gain.
The finding that in obese individuals excessive adiposity coexists with high leptin levels has
been interpreted as evidence for leptin resistance in obesity.3* In addition, studies in animal
models suggest interactions between leptin and adiponectin.3® A recent study has shown that
leptin increases adiponectin expression and therefore impaired leptin signaling may
contribute to paradoxically low adiponectin levels in human obesity.36 Consequently, the
leptin/adiponectin ratio may serve as an index of leptin resistance in that reduced leptin
sensitivity in obesity would lead to a decrease in leptin-induced adiponectin expression and
an increase in the leptin/adiponectin ratio.

In our study, at lower BMI levels (i.e., in the absence of obesity and, presumably, the
absence of leptin resistance) higher leptin levels were associated with a better outcome (it is
also notable that in patients with BMI values below the median, higher baseline waist
circumference [a measure of central adiposity] was also protective). This may be due to
several potentially beneficial effects of leptin, including coronary artery vasodilation,
activation of endothelial nitric oxide production, activation of endothelial progenitor cells,
decreased lipid accumulation, to mention only a few.37:38 |n the same lower BMI range,
higher adiponectin was associated with worse outcome. Even though several in vitro and
animal studies have suggested atheroprotective effects of adiponectin, clinical studies have
been inconsistent and it has been proposed that in patients with established vascular disease
(such as our study population) there may be a compensatory increase in adiponectin levels,
in which case elevated adiponectin may be just a disease marker.2% Furthermore, adiponectin
has also been postulated to inhibit leptin signaling,3° potentially suggesting that high
adiponectin levels could abrogate the beneficial effects of leptin. This explanation is
consistent with the finding in our study that, at lower BMI levels, the higher leptin/
adiponectin ratio is associated with better CV outcome (Figure 1).

By contrast, at higher BMI levels, the pathophysiological milieu is significantly different.
Higher BMI (or obesity) is associated with leptin resistance. As discussed earlier, in the
presence of obesity, the leptin/adiponectin ratio may serve as an index of leptin resistance,
with the higher leptin/adiponectin ratio indicative of decreased sensitivity to leptin. In this
setting, both higher leptin and higher leptin/adiponectin ratio are associated with worse CV
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outcome (Figure 1), as they reflect greater resistance to the beneficial effects of leptin.
Indeed, as illustrated in Figure 2, leptin is protective when the leptin/adiponectin ratio is low,
but not when the leptin/adiponectin ratio is high. Finally, part of the explanation could be the
dose dependence of the favorable and unfavorable effects of leptin as well as the
phenomenon of selective leptin resistance, whereby in the obese state some unfavorable
effects of leptin (such as sympathetic excitation, platelet activation, etc.) may be selectively
preserved despite resistance to some other effects.3’

Our findings have several important implications. First, they provide a strong rationale for
considering specific adipokine levels in optimizing CV risk stratification, especially in
normal weight or overweight (but not yet obese) individuals. Second, our results begin to
unravel the “obesity paradox”, namely that overweight individuals with CV disease have
better outcomes than the leaner ones, before outcomes worsen again with more severe
obesity. The following explanation can be offered based on our findings. Important effects of
body fat on CV outcome are mediated through adipokines, such as leptin and others. A
moderate increase in body fat (with the BMI in the “overweight” range) will lead to an
increase in leptin levels. The latter will be associated with improved CV outcome in the
absence of leptin resistance. As leptin resistance develops with progressing obesity, the
beneficial effects of leptin will be eliminated and the negative CV effects of obesity will
prevail. The fact that the previous clinical studies evaluating effects of adipokines on CV
outcome did not take into account the BMI and leptin resistance strata may explain their
inconsistent and contradictory results. It should be noted, however, that our results were
obtained from a specific population of patients with DM and angiographically confirmed
CAD; it remains to be evaluated whether they also apply to other populations. Additionally,
physical fitness has been suggested to alter the relationship between adiposity and prognosis,
in that the “obesity paradox” may be apparent mostly in patients with low fitness;” in the
BARI 2D trial, usable physical activity information was not collected.

Conclusion

Specific adipokines are independent predictors of CV outcome in patients with DM and
CAD. The associations between adipokines and CV outcome vary depending on BMI. This
reflects the complex pathophysiology of CV disease in obesity and may help explain the
“obesity paradox”.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CRP C-reactive protein
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== Baseline Log Leptin, interaction P=.03
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Hazard Ratios (HRs) for baseline (solid line) or change from baseline (dotted line) in leptin
(a), adiponectin (b) and leptin/adiponectin ratio (c) by BMI quintiles. Error bars indicate
95% confidence intervals (Cls). When the Cls do not include 1 for a given HR estimate, the
effect is statistically significant.
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Figure 2.
Hazard Ratios (HRs) for baseline (solid line) or change from baseline (dotted line) in leptin

(a) and adiponectin (b) by leptin/adiponectin ratio quintiles. Error bars indicate 95%
confidence intervals (Cls). When the Cls do not include 1 for a given HR estimate, the effect
is statistically significant.
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Table 1

Baseline characteristics of the study population (N=2330".

Age (years), mean (SD)

Male, n (%)

White, n (%)

BMI (kg/m?), mean (SD)

Waist circumference (cm), mean (SD)

Systolic blood pressure (mmHg), mean (SD) *
Diastolic blood pressure (mmHg), mean (SD) *

Left ventricular ejection fraction <50%, n (%) *

Number of coronary vessels with 250% stenosis, n (%)

Leptin (ng/ml), median (Q1, Q3)
Adiponectin (ug/ml), median (Q1, Q3) *
MCP-1 (pg/ml), median (Q1, Q3)
TNF-a (pg/ml), median (Q1, Q3)

CRP (ug/ml), median (Q1, Q3) *

IL-6 (pg/ml), median (Q1, Q3)

HbAlc (%), mean (SD)

Total cholesterol (mg/dl), mean (SD) *
LDL (mg/dl), mean (SD)

HDL (mg/dl), mean (SD) *
Triglycerides (mg/dl), mean (SD) *

GFR (MDRD Algorithm), mean (SD) *

Macro-albuminuria (albumin/creatinine ratio >300 mg/g), n (%) *

Micro-albuminuria, n (%) *

Prior Revascularization, n (%)

History of MI, n (%) *

History of stroke, n (%) *

History of CHF requiring treatment, n (%) *
Hypertension requiring treatment, n (%) *
Aspirin, n (%) *

Beta blocker, n (%) *

ACEi or ARB, n (%) *

Statin, n (%) *

Mayo Clin Proc. Author manuscript; available in PMC 2017 July 01.

w N O

62 (9)
1637 (70)
1535 (66)

32 (6)
108 (14)
132 (20)

75 (11)

391 (17)

159 (7)
724 (31)
827 (36)
617 (27)

17.8 (8.7, 34.3)
48(3.0,7.9)

196.1 (150.5, 245.7)
4.9 (3.6, 6.6)
2.2(0.9,5.6)

2.3 (1.3, 4.0)
7.7 (1.6)
169 (41)

89 (41)
38 (10)
181 (136)
79 (29)
210 (10)
495 (23)

546 (23)
734 (32)

227 (10)
151 (7)
1901 (83)
2045 (88)
1695 (73)
1796 (77)

1740 (75)

Page 13



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Wolk et al. Page 14

Biguanide, n (%) * 1259 (54)
Thiazolidinedione, n (%) * 442 (19)
Sulfonylurea, n (%) * 1248 (54)
Insulin, n (%) * 646 (28)

*

The following measures had the associated number of missing values: 20 for BMI, 22 for systolic blood pressure, 23 for diastolic blood pressure,
3 for left ventricular ejection fraction, 13 for adiponectin, 5 for CRP, 40 for total cholesterol and triglycerides, 57 for HDL, 11 for GFR, 168 for the
albuminuria category, 37 for history of an M, 10 for history of a stroke, 15 for CHF requiring treatment, 27 for hypertension requiring treatment, 9
for aspirin usage, 5 for beta blocker and statin usage, 4 for ACEi or ARB usage, 2 for biguanide, thiazolidinedione, sulfonylurea and insulin usage.

Abbreviations: SD (standard deviation), HbA1c (glycated hemoglobin), MCP-1 (monocyte chemoattractant protein-1), TNF-a (tumor necrosis
factor-alpha), CRP (C-reactive protein), IL-6 (interleukin 6), LDL (low density lipoprotein), HDL (high density lipoprotein), GFR (glomerular
filtration rate), MI (myocardial infarction), CHF (chronic heart failure), ACEi (angiotensin-converting-enzyme inhibitor), ARB (angiotensin Il
receptor blocker)
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