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Abstract

Background: Despite the recognized implications of high-density lipoprotein cholesterol (HDL-C) in cardiovascular
diseases, the role of body mass index (BMI) in HDL-C association with cardiovascular outcomes remains unclear. This
study investigated the possible modifying implications of BMI on the correlation between HDL-C and coronary artery
bypass grafting (CABG) outcomes.

Methods: The present cohort included isolated CABG patients (median follow-up: 76.58 [75.79-77.38] months). The
participants were classified into three groups: 18.5 < BMI < 25 (normal), 25 < BMI < 30 (overweight), and 30 < BMI <35
(obese) kg/m?. Cox proportional hazard models (CPHs) and restricted cubic splines (RCSs) were applied to evaluate
the relationship between HDL-C and all-cause mortality as well as major adverse cardio-cerebrovascular events (MAC-
CEs) in different BMI categories.

Results: This study enrolled a total of 15,639 patients. Considering the final Cox analysis among the normal and
overweight groups, HDL-C > 60 was a significant protective factor compared to 40 < HDL-C < 60 for all-cause mortal-
ity (adjusted hazard ratio (@HR): 0.47, P: 0.027; and aHR: 0.64, P: 0.007, respectively). However, the protective effect of
HDL-C > 60 was no longer observed among patients with 30 <BMI < 35 (@HR: 1.16, P=0.668). RCS trend analyses
recapitulated these findings; among 30 < BMI < 35, no uniform inverse linear association was observed; after approxi-
mately HDL-C&#55, its increase was no longer associated with reduced mortality risk. RCS analyses on MACCE revealed
a plateau effect followed by a modest rise in overweight and obese patients from HDL-C =40 onward (nonlinear
association).

Conclusions: Very high HDL-C (> 60 mg/dL) was not related to better outcomes among obese CABG patients. Fur-
thermore, HDL-C was related to the post-CABG outcomes in a nonlinear manner, and the magnitude of its effects also
differed across BMI subgroups.
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Background

Coronary artery disease (CAD) is a major global chal-

lenge and the third leading cause of mortality worldwide,
"Malihe Rezaee and Aida Fallahzadeh contributed to this work equally and are claiming approximately 17.8 million lives annually [1].
considered co-first authors. Coronary artery bypass grafting (CABG) surgery is the
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Over the past years, several studies have illustrated an
inverse relationship between high-density lipoprotein
cholesterol (HDL-C) levels and CAD as well as major
adverse cerebro-cardiovascular events (MACCEs). In
practical guidelines, low serum HDL-C levels are consid-
ered an indispensable risk factor for CAD incidence and
a risk predictor of cardiovascular outcomes [4—7]. Never-
theless, this simple linear correlation has been challenged
in previous studies [8—10].

In addition to the lipid profile, obesity has a critical
and independent role in the development and progres-
sion of CAD, with both direct and indirect effects on
other risk factors [11, 12]. A nonlinear, U-shaped corre-
lation between BMI and mortality in patients with acute
coronary syndrome (ACS) has been reported, exhibiting
lower mortality in overweight or mild-moderate obese
patients paradoxically [13, 14]. However, some other
studies have challenged this paradoxical U-shaped asso-
ciation [15].

Several studies have indicated that elevated body mass
index (BMI) could be related to reduced HDL-C con-
centrations. Furthermore, in the context of obesity, the
morphology and function of adipose tissue are changed,
which can affect HDL-C functioning [16, 17]. Given the
conflicting relationship between HDL-C and CABG out-
comes, as well as the simultaneous intricate association
of BMI with both of them, the present study evaluated
the effects of serum HDL-C levels among different ranges
of BMI on MACCE and all-cause mortality after CABG.

Methods

Design

This registry-based prospective study was performed
at Tehran Heart Center (THC) [18], evaluating CABG
patients between January 2006 and December 2016. The
study was performed according to the Declaration of
Helsinki. The ethics committee of Tehran Heart Center
approved the study (IR TUMS.VCR.REC.1400.09.12). As
this study did not meet the criteria for informed consent,
an “informed consent waiver” was attained from the eth-
ics board. The study complies with the STROBE checklist
for cohort studies. Details on the checklist can be found
in the supplementary files.

Population

All patients undergoing isolated CABG at THC were
included, while patients with a BMI > 35 (morbidly obese)
and those with a BMI < 18.5 were excluded. Furthermore,
those with a history of presurgery myocardial infarc-
tion (MI) with>21-day MI-CABG interval, those with
missing data on HDL-C or BMI or any other baseline
variables at baseline, and lost-to-follow-up patients were
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excluded from final analyses. Finally, 15,639 patients were
included.

Baseline assessment
Trained staff measured the heights and weights of the
study population using standard guidelines. BMI was cal-
culated as follows: Weight (kg)/height2 (m?). According
to weight management guidelines, the patients were clas-
sified into three groups: 18.5 < BMI< 25 (normal weight),
25 <BMI <30 (overweight), and 30 < BMI< 35 (obese).
Baseline characteristics of the patients, including
age, smoking status, past medical history (previous MI
(<24 h, 1-7 days, and 8-21 days), cerebrovascular acci-
dent (CVA), carotid stenosis, positive family history of
IHD, chronic obstructive pulmonary disease (COPD)),
and drug history, were obtained. Furthermore, echocar-
diographic left ventricular ejection fraction (LVEF), esti-
mated glomerular filtration rate (eGFR), HDL-C (mg/dL)
and low-density lipoprotein cholesterol (LDL-C) (mg/dL)
levels were measured preoperatively. Variable definitions
were in line with previous studies on this population [19].

Follow-up and study endpoints

The patients were followed for a median of 76.58 [75.79—
77.38] months, equivalent to 95,539.52 person-years.
Follow-ups were in person or by telephone interviews
(for patients who were unable or unwilling to attend the
clinic). The study endpoints, including MACCE (includ-
ing all-cause mortality, stroke, acute coronary syndrome,
and revascularization) and mortality, were recorded in
each follow-up session.

Statistical analyses

Mean (standard deviation (SD)) and median [25™ and
75" percentiles] were used to present normally and non-
normally distributed continuous variables, respectively.
Normality was assessed using histogram charts in addi-
tion to central tendency and dispersion measures. The
comparison of categorical variables between the three
BMI groups was performed using the chi-squared test.
Normally distributed continuous variables were com-
pared using one-way analysis of variance (ANOVA),
and skewed distributed variables were compared using
Kruskal-Wallis tests. The adjusted and unadjusted effects
of HDL-C level on mortality from all causes and MAC-
CEs (the first event of MACCE composite was entered
for analyses) were obtained using Cox proportional haz-
ard (CPH) model in groups of HDL <40, 40 <HDL <60
(referent), and HDL>60. Furthermore, Kaplan—Meier
(KM) curves were generated to estimate the cumula-
tive incidence of mortality and MACCE in each BMI-
HDL category. The models were adjusted for potential
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confounders, including age, sex, graft number, diabetes
mellitus, hypertension, positive family history (IHD),
opium consumption, cigarette smoking, LDL, oft-pump
CABG, previous MI (within 21 days of surgery), and
COPD. The restricted cubic splines (RCS) in the Cox
model allow prospecting for a nonlinear relationship of
HDL-C level with the “hazard ratio” (HR) of mortality
from all causes and MACCEs, estimated from the Cox
regression model adjusted for all possible confounders.
The RCS analyses were scaled such that the HDL-C level
of 40 mg/dL was associated with a hazard ratio of 1. Five
knots (df=4) were applied at the 5%, 25%, 50, 75 and
95% percentiles of HDL-C levels.

According to the scaled Schoenfeld residuals (for all
variables), the proportional hazard assumption was
tested. All statistical analyses were conducted by applying
R version 4.0.3. Loss-to-

Results

Baseline characteristics

In this registry-based cohort study, 15,639 patients were
included (78.08% male, 66.48 years). The flow chart
of the study cohort is depicted in Fig. 1. The baseline
characteristics of patients according to BMI classifica-
tion are reported in Table 1. In general, obese patients
(30 <BMI<35) were slightly younger than the normal
(18.5<BMI<25) and overweight (25 <BMI<30) groups
(65.60+9.91, 66.11+9.91, 67.631+10.12, respectively
(P<0.001)). The 30 <BMI<35 kg/m? group tended to
have a higher proportion of diabetes, hypertension, dys-
lipidemia, and a family history of IHD (P<0.05), while
patients with 18.5 <BMI <25 kg/m?* were more likely to
smoke cigarettes or use opium (2 <0.001).
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Endpoints

Among the study cohort, 142 (0.9%) and 1752 (11.2%)
patients died at the hospital and later after discharge,
respectively. Additionally, regarding MACCEs (first
event), 1561 (10.0%), 471 (3.0%), 1901 (12.2%), and 22
(0.1%) experienced ACS, CVA, mortality, and revascu-
larization, respectively. Details on events within each
HDL-C and BMI category can be found in Supplemen-
tary Table 1.

HDL-C and mortality among BMI subgroups

Figure 2 displays the adjusted mortality risk in the con-
tinuous spectrum of BMI and HDL-C across the entire
study cohort, revealing that the highest risk is related to
the lowest HDL-C values, especially at lower BMI lev-
els. Interestingly, it is seen that as BMI approaches 30 or
more, the expected continuous trend in risk reduction
with elevation of HDL-C values (from paler to bolder
blue colors), which is present in lower BMI levels, was no
longer observed with the highest HDL-C values (evident
by turning the bold blue color to pale).

Table 2 outlines the relationship between categorical
HDL-C and study endpoints (mortality and MACCE)
using the CPH model. HDL-C>60 significantly
reduced the adjusted all-cause mortality risk (next to
40<HDL-C<60) among patients with 18.5<BMI<25
and 25<BMI<30 (adjusted hazard ratio (aHR): 0.471
(0.242-0.919), P: 0.027; and aHR: 0.642 (0.383- 0.981),
P=0.007, respectively). The significant protective
effect of HDL-C>60 was no longer observed among
the 30<BMI<35 groups (aHR: 1.159 (0.564-2.384),
P=0.688). Likewise, Supplementary Table 1 indicates
that the rate of mortality after discharge was consider-
ably reduced with HDL-C>60 among 18.5<BMI<25

Isolated CABG procedure
(n=24,436)

Y
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1. Complete loss to follow-up(n=521)

1. Lack of HDL data (n=113)

2. Lack of BMI data (n=687)
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4. Previous MI more than 21 days (n=4,987)
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Fig. 1 Flow chart of the study cohort
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Table 1 Baseline characteristics of the study population (n=15,639)
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18.5<BMI<25 25 <BMI<30 30<BMI<35 P value
(n=4915) (n=7584) (n=3140)

Male sex 3,990 (81.2%) 5914 (75.3%) 2308 (56.4%) <0.001

Age (years) 67.63+£10.12 66.11£991 65.60+£991 <0.001

Hypertension 2305 (46.9%) 4225 (53.8%) 2057 (65.5%) <0.001

Diabetes 1923 (39.1%) 3110 (41.0%) 1350 (43.5%) <0.001

Dyslipidemia 2548 (51.8%) 4381 (57.8%) 2057 (66.5%) <0.001

Smoking status <0.001
Current smoker 1017 (20.7%) 1290 (16.9%) 465 (14.8%)

Former smoker 870 (17.7%) 1297 (17.1%) 498 (15.8%)

Opium Consumption <0.001
Current abuser 664 (13.5%) 883 (11.3%) 298 (9.5%)

Former abuser 142 (2.9%) 222 (2.8%) 75 (24%)

Previous MI <0.001

<24 h 189 (3.6%) 253 (3.2%) 116 (2.8%)
1-7 days 374 (7%) 524 (6.7%) 226 (5.5%)
8-21 days 395 (7.4%) 517 (6.6%) 236 (5.8%)

>21 days 0 (0%) 0 (0%) 0 (0%)

Carotid Stenosis 0.308
25-50% 28 (0.6%) 29 (0.5%) 18 (0.6%)

51-75% 19 (0.4%) 17 (0.3%) 7 (0.2%)
>75% 38 (0.8%) 59 (1%) 32(1.1%)

Graft numbers 3(3-4) 3(3-4) 3(3-4) <0.001
COPD 172 (3.5%) 251 (3.3%) 121 (3.9%) 0.191
Cerebrovascular accident 304 (6.2%) 474 (6.2%) 188 (6.0%) 0.321
Family History of IHD 1812 (33.9%) 2863 (36.4%) 1683 (41.3%) <0.001
HDL-C (mg/dl) 37(37-38) 36 (36-37) 37 (37-38) <0.001
LDL-C (mg/dl) 89 (88-90) 90 (90-91) 92 (91-94) <0.001
Ejection Fraction 47194921 4793 +£8.69 4861+8.12 <0.001
eGFR 69.60+21.89 80.32+25.14 9446+£3143 <0.001

Data are presented as number (%), mean = SD, or median (95% confidence interval)

BMI Body-Mass Index, MI Myocardial Infarction, COPD Chronic Obstructive Pulmonary Disease, IHD Ischemic heart disease, HDL-C High-Density Lipoprotein
Cholesterol, LDL-C Low-Density Lipoprotein Cholesterol, eGFR Estimated Glomerular Filtration Rate
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Table 2 HDL-C effects among different BMI subgroups on all-cause mortality and MACCE
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HDL Crude Adjusted

Mortality HR (95%CI) Pvalue MACCEHR (95%Cl) Pvalue Mortality HR(95%CI) Pvalue MACCEHR (95%Cl) P value
18.5 <BMI< 25 (normal)
HDL <40 1.032 (0.882, 1.209) 0.692 1.150 (1.024, 1.290) 0.018 0.988 (0.842, 1.160) 0.885 1.164 (1.035,1.310)  0.012
40<HDL<60 Reference Reference Reference Reference
HDL>60 0.537(0.276, 1.046) 0.068 0.916 (0.623, 1.346) 0.655 0471 (0.242,0.919) 0.027 0.850(0.578,1.251) 0410
25 <BMI < 30 (overweight)
HDL<40 1.013(0.884,1.161) 0.854 1.079(0.981,1.186)  0.119 0.999 (0.868, 1.150) 0.986 1.084 (0.983,1.196)  0.106
40<HDL<60 Reference Reference Reference Reference
HDL>60 0.683 (0,407, 1.145) 0.148 0.858(0.618,1.190) 0358 0.642 (0.383,0.981) 0.007 0.835(0.601,1.159)  0.281
30 <BMI< 35 (obese)
HDL <40 1.225(0.974,1.539 0.082 1.057 (0.914,1.222) 0.456 1.205 (0.981, 1.530) 0.081 1.123(1.021,1.278)  0.012
40<HDL<60 Reference Reference Reference Reference
HDL>60 1.063(0.519,2.178) 0.867 0.896 (0.549, 1.462) 0.661 1.159 (0.564, 2.384) 0.688 0.906 (0.555,1.481)  0.695

HDL-C High-density lipoprotein cholesterol, BMI Body mass index, MACCE Major adverse cardio-cerebrovascular events

(from 12% in HDL-C <40 to 6.8% in HDL-C > 60). This
improvement was attenuated in the 25 <BMI<30 group
(from 10.6% in HDL-C<40 to 8.2% in HDL-C>60)
and was no longer observed in the 30 <BMI<35 group
(10.1% in HDL-C <40 and 9.7% in HDL-C > 60). Figure 3
depicts the KM curves of mortality among various BMI
groups at the adjusted and unadjusted levels. Among the
normal and overweight patients, those with HDL > 60
had a higher survival rate than the other HDL groups,
while this protective effect of HDL>60 did not hold
for obese patients. These findings were in line with the
adjusted model on mortality as well.

RCS trend analyses on HDL-C and mortality among BMI
subgroups

To evaluate the trend of HDL-C effects, RCS analyses
were applied. The RCS graph, in line with the CPH model
(Fig. 4), revealed an overall descending trend in the
adjusted risk of mortality from all causes (with minuscule
fluctuation around HDL-C =40) in 18.5 < BMI <25, with
the majority of the HDL-C spectrum showing a linear
inverse association. Among 25 < BMI < 30, there was also
a linear decline from HDL-CA35 onward. Nevertheless,
among 30 <BMI< 35, no uniform inverse linear relation-
ship was observed; patients with HDL-C values <40 had
an increased mortality risk; after HDL-C=40, the risk
fell below 1 (aHR < 1), while no further risk reduction was
observed after HDL-C~55 (aHR > 1).

HDL-C and MACCE among BMI subgroups

CPH models on MACCE composite (Table 2) revealed
a significant or near significant hazardous effect of
HDL-C<40 in all BMI categories (normal: aHR: 1.164

(1.035-1.310), P: 0.012; overweight: aHR: 1.084 (0.983—
1.196), P: 0.106; obese: aHR: 1.123 (1.021-1.278), P:
0.012). Figure 5 depicts the KM curves of MACCEs
among various BMI groups at the adjusted and unad-
justed levels. Freedom from MACCE events in different
HDL groups was more similar between BMI catego-
ries, with HDL <40 demonstrating the highest MACCE
events. These findings were consistent with the adjusted
KM curves of MACCEs.

RCS trend analyses on HDL-C and MACCE among BMI
subgroups

RCS analyses (Fig. 6) did not show an inverse and uni-
form relationship between HDL-C and MACCEs in any
BMI category. In normal BMI patients, HDL-C>40 was
protective (MACCE aHR < 1) (compared to HDL-C =40),
while there was a plateau effect followed by a modest
increment in the overweight-obese population.

Discussion

The current prospective registry-based study evaluated
the possibility of whether BMI affects the relationship
between serum HDL-C levels and CABG patient out-
comes. This study showed that the association between
HDL-C and poorer results after CABG was nonlinear
among the highest BMI spectrum. CPH analyses revealed
that although HDL-C> 60 exerted protective effects on
all-cause mortality among patients with BMI<30, its
protective effect was no longer observed among patients
with 30<BMI<35. RCS analyses recapitulated these
findings. Furthermore, RCS graphs revealed that HDL-C
was associated with MACCEs in a nonlinear manner
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among overweight-obese patients, where the expected
risk reduction was not observed from HDL-C~55
onward. These findings suggest that values at the top of
the HDL-C cholesterol spectrum were not associated
with better outcomes among obese patients after CABG.

Comparisons with other studies- what does the current
work add to the existing knowledge?

It has only been in recent years that the expected car-
diovascular risk reduction with HDL elevation has been
challenged [20-26]. Regarding the significance and nov-
elty of this subject, one of the key messages of the 2016
European Society Guideline (ESC) for Cardiovascular
Disease Prevention [20] was that although low HDL-C
increased cardiovascular risk, HDL-increasing measures
were not proven to reduce the risk. Similarly, ESC 2021
indicated that a very high HDL-C level might be a sign of
an increase in cardiovascular risk [21].

Furthermore, despite the inextricable link between
BMI and various aspects of HDL pathophysiology (as
discussed above), studies that measure the effect of
this link on cardiovascular outcomes are scarce. These
issues prompted us to try to narrow this knowledge gap
as much as possible with the resources at our disposal.
Nevertheless, clinical studies and Mendelian randomi-
zations are warranted to elucidate the role of HDL in
cardiovascular risk assessment. Since, to date, no thera-
peutic goal has been defined for HDL-C from clinical
trials [21], well-designed observational studies can pave
the way for performing such studies.

Nonlinear association between HDL-C and cardiovascular
outcomes

Previous observations have reported that HDL-C con-
centrations affect CAD outcomes independently in an
inverse and linear fashion [27, 28]. However, these con-
ventional implications of high HDL-C levels have been
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debated in more recently published studies, reporting a
U-shaped association of HDL-C levels with mortality and
cardiovascular events [22-26, 29]. Among the first stud-
ies that changed the perception of HDL was a Mendelian
randomized study published in 2012, revealing that not
all HDL-C-increasing-associated genetic mechanisms
diminish the risk of MI [29]. Other studies have reported
poorer outcomes in very high levels of HDL-C [22-24].
The exact threshold of very high serum HDL-C levels
varies among different studies. However, recent find-
ings from a pooled analysis (37 prospective cohort stud-
ies) across the general population with very high HDL-C
demonstrated a J-shaped pattern in terms of mortality
risk reduction from all, cardiovascular, and cancer-related
causes, with no further risk reduction from HDL-C > 77
onward [25]. A meta-analysis of cohort studies (more
than 43 thousand patients) revealed that HDL-C>90
more than doubled the mortality risk of atherosclerotic
cardiovascular disease [26]. The most recently published

study by Chang Liu et al. reported that HDL-C levels >80
were unexpectedly related to worsened outcomes in indi-
viduals with CAD compared to 40 < HDL-C < 60. Indeed,
HDL-C> 80 increased the adjusted overall mortality risk
by 96% for all causes and 71% for cardiovascular death.
They also demonstrated a U-shaped association between
HDL-C and poorer outcomes, whereby the highest risks
were observed at the highest and lowest values in the
HDL-C spectrum [30].

Kaur et al. found that 30<HDL-C<50 mg/dL corre-
lated with the most favorable outcomes, while HDL-C
levels out of this range were linked to an augmented
risk of mortality (not MACCE) in men undergoing per-
cutaneous coronary intervention (PCI) [8]. Angeloni
et al’s survey focused on the CABG population. They
concluded that very high preoperative HDL-C levels
enhanced MACCE occurrence during follow-ups [31].
The inconsistencies in determining the exact value of the
so-called “high HDL-C levels” are reasonably justifiable
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based on various types of the study population (patients
with CAD, PCI, CABG), diets (for example, the amount
of fish and nut consumption), exercise level, races and
ethnicities, and the rate plus dose of statin use.

BMI modifies the HDL-C effect on the cardiovascular
system

To date, little evidence is available concerning the effect
of BMI on the correlation between HDL-C levels and
cardiovascular prognosis. In this regard, De Lima-Junior
et al. attempted to investigate the relationship between
the antiatherosclerotic function of HDL-C and BMI in
899 asymptomatic patients. They reported that indi-
viduals with increased HDL-C experienced an attenu-
ated increase in carotid intima-media thickness (cIMT)
with BMI elevation (interaction effect £$=-0.054). Fur-
thermore, BMI was inversely related to HDL-C activity
in inhibiting platelet aggregation and cholesterol efflux
capacity. Taken together, this study suggested that the
increase in BMI was linked to impaired cardioprotec-
tive functions of HDL-C and a concomitant increase in
atherosclerosis [32]. Furthermore, an inverse correlation
between serum HDL-C concentration and stroke has
been reported among those with BMI<24 kg/m?% how-
ever, this finding no longer proved true for patients with
BMI > 24 kg/m? [33].

Possible explanations for these findings will be
reviewed here: 1) Obese patients had more cardiovas-
cular risk factors, which might have neutralized the
advantageous effect of higher HDL-C. However, the
adjusted results did not prove this statement. Dysfunc-
tion of HDL-C has been identified in metabolic (diabe-
tes, CKD, and metabolic syndrome) and autoimmune
conditions. Thus, it is no surprise that elevated HDL-C in
some selected patients could be related to a higher risk of
CADs and mortality [34]. The lack of anti-inflammatory
properties of HDL-C was shown in patients with stable
or unstable CAD via reduced paraoxonase 1 (PON1)
activity, which leads to inhibition of endothelial NOS
activation [35].

2) The function of HDL-C may become impaired in
obesity. While there are no solid underlying mecha-
nisms for the inverse relationship between very high
HDL-C levels and outcomes in obesity, emerging evi-
dence has elucidated that obesity status can exert sev-
eral effects on HDL-C. These implications include
HDL-C metabolism, functionality, and subclass distri-
bution, particularly reducing cholesterol efflux, which
has a more important independent impact on the devel-
opment of CADs [36, 37]. Obesity is associated with
deregulation of metabolism in hypertrophic adipose
tissue, which causes the activation of unusual amounts
of reactive oxygen species and oxidative stress. As a
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result, these processes contribute to the activation of
systemic inflammatory pathways [38]. The loss of pro-
tective characteristics of HDL-C in obesity may refer to
chronic, low-grade adipocyte inflammation, as seen in
the obesity status, and accumulation of macrophages in
the adipose tissue. As a result, proinflammatory media-
tors, in particular TNFa, are produced more extensively
[16]. Adipocytes control cholesterol efflux by recruiting
scavenger receptor class B type I (SR-BI) and ATP-bind-
ing cassette transporter A1 (ABCA1). Furthermore, it
has been found that TNF-a could impair cholesterol
efflux of HDL-C by downregulating ABCA1 and SR-BI
expression [17, 39]. In addition, some conditions, such
as diabetes, obesity, and inflammation, could damage
Apo A-I. This protein constitutes a major component
of HDL-C particles and is essential for the reverse cho-
lesterol transporting (RCT) role of HDL-C via oxida-
tive mechanisms. Thus, the RCT ability of HDL-C is
reduced, leading to dysfunction and proinflammatory
effects of the HDL-C molecule [39, 40]. Furthermore,
the ability of HDL-C to neutralize the inhibitory effects
of oxidized LDL-C on endothelial-related vasodilation
was abolished in abdominally obese subjects [41].

3) Another possible underlying cause of adverse effects
of very high HDL-C concentrations in obese patients
centers around serum visfatin, an adipocytokine with
insulin-mimetic properties. Several studies have dem-
onstrated that serum visfatin levels increase in obese
patients and correlate with HDL-C positively, while
this correlation does not seem to exist in their non-
obese counterparts. Nevertheless, the exact biological
mechanisms of the relationship between serum visfatin
and HDL-C remain obscure [42, 43]. It has also been
indicated that visfatin may be crucial in inflammatory
processes in overweight patients [44]. Regarding the
inflammatory role of visfatin, prior studies have suggested
that visfatin might localize to foam cell macrophages
within unstable atherosclerotic plaques, resulting in
plaque destabilization/rupture [45]. Under inflammatory
conditions, HDL-C may lose its anti-inflammatory and
antioxidative properties while also gaining proinflam-
matory functions, thus impairing the antiatherogenic
effects of HDL-C. As such, HDL-C tends to convert to a
proinflammatory agent and thus could increase the risk
of CAD by activating inflammatory pathways [46]. Con-
sistently, several studies have reported that during the
acute phase response, HDL-C could become a proinflam-
matory and proatherogenic molecule, which is mediated
by some proteins, including serum amyloid A (SAA) and
ceruloplasmin, binding to HDL-C molecules. As a result,
these processes may restrict HDL-C’s ability to enhance
RCT and preclude LDL modification [34].
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4) Another mechanism could be deterioration of
HDL-C subclass distribution. A previous study indi-
cated an association between obesity and reduced large
HDL-C subfractions [16]. Additionally, it has been dem-
onstrated that decreased amounts of high-molecular
weight HDL-C particles and increased amounts of low-
molecular weight HDL-C particles were remarkably asso-
ciated with higher cardiovascular risk [47]. Thus, it might
be concluded that extremely increased HDL-C levels may
reflect a greater increase in small HDL-C particles among
obese individuals, resulting in a worsened prognosis.
Furthermore, elevated triglycerides and LDL, which are
more frequent among obese populations, can directly
interfere with the antiatherogenic action of HDL-C
and are inversely related to the vasodilatory activity of
HDL-C [39]. Interestingly, bariatric surgery has been sug-
gested to notably improve the structure and function of
HDL-C [34]. Ultimately, these results highlighted the role
of personalized medicine, suggesting that not the same
HDL-C level might be necessarily beneficial to different
individuals. In particular, various distinct genetic variants
have been reported to affect HDL-C levels and function,
as well as statin pharmacokinetics [48].

Accordingly, HDL-C functionality seems to play a far
more essential cardioprotective role than circulating
HDL-C levels. Furthermore, not only does a very high
HDL-C level not offer invariable healthy benefits but also,
in some specific states, may turn into a pro-inflammatory
agent, thereby increasing cardiovascular risk.

This study highlighted a considerable finding on the
role of BMI in the correlation between very high HDL-C
levels and worsened outcomes among the CABG popu-
lation. Altogether, the mechanisms through which highly
elevated HDL-C levels correlate with possible poorer
cardiovascular outcomes in obese patients remain
unclear. Nevertheless, it may have clinical and public
health implications when HDL-C cholesterol is applied
for risk assessment. Ultimately, further larger sample
studies among different ethnicities and populations are
warranted to explore the obesity implications on the rela-
tionship between HDL-C concentrations and outcomes
post-CABG.

Study strengths and limitations

The inclusion of a large population from the registry sys-
tem of Tehran Heart Center was the primary strength of
the present study. Second, this study evaluated the full
range of HDL-C levels in each BMI category using both
multivariate Cox regression and RCS analysis. Finally,
detailed information on several confounder variables
with well-known effects on outcomes after CABG was
provided in this study. On the other hand, this study was
limited by some issues. First, it was conducted only on
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the Iranian population. Ethnicity may be associated with
HDL-C functionality, thereby restricting the generaliza-
bility of the current results to other populations. Another
key limitation was omitting the role of lifestyle modifica-
tions on HDL-C and weight during follow-up. This study
captured the baseline data of the population. In addition,
the number of events at the highest HDL-C values was
inevitably small, necessitating further exploration of the
results in other large-scale studies.

Conclusions

The present study indicated that no linear inverse rela-
tionship existed between higher HDL-C and better out-
comes after CABG among obese patients. Indeed, the
benefits of higher concentrations of HDL-C did not
hold for extremely high concentrations in patients with
BMI>30. This observation could imply heterogene-
ity in the risk of obese subjects with high HDL-C, sug-
gesting a role of obesity in the function and properties
of HDL-C. These observations can be reflected in clini-
cal practice when performing cardiovascular risk assess-
ment and planning treatment strategies, emphasizing
that clinicians should consider the entire spectrum of
concomitant cardiovascular risk factors together, while
not assuming that a very high HDL-C is necessarily and
completely protective against poorer outcomes among
all CABG patients. Additionally, the nonlinear relation-
ship between HDL-C and poorer outcomes reported in
recent studies might be in part justified on the grounds
of BMI. Future systematic reviews/meta-analyses can
elucidate the answer to some of these questions. Further-
more, these findings suggested that the nonnecessarily
protective effects of high HDL-C might not apply to all
groups of patients. This matter can guide clinicians and
researchers to prospect for at-risk groups.
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