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Introduction: The aim was to evaluate the association of serum total choles-

terol (TC) level and left ventricular ejection fraction (LVEF) in patients with
heart failure (HF) caused by coronary heart disease (CHD).

Material and methods: A total of 236 participants were enrolled. Partici-
pants were divided into severely reduced (< 35%) and moderately reduced
(> 35%) LVEF groups and the between-group difference was evaluated. Mul-
tivariate regression analysis was used to evaluate the association between
LVEF and parameters of interest. Linear regression analysis was applied to
analyze the odds ratio of per 1-SD increase in serum TC level for LVEF change.
Results: Mean age was 57.3 years and males accounted for 58.1%. Mean
serum TC level was 4.6 mmol/l, albumin (ALB) 33.6 g/l, and C-reactive pro-
tein (CRP) 11.4 mg/l. Mean LVEF was 38.3%. Compared to high-reduced LVEF
group, participants in moderate-reduced LVEF group had significantly higher
TC (4.8 £0.9 mmol/l vs. 4.4 + 0.7 mmol/l) and ALB (35.8 +6.7 g/l vs. 31.4
+6.0 g/l) but lower CRP (9.6 4.7 mg/l vs. 14.2 +7.0 mg/|) levels (p < 0.05 for
all comparisons). Increased TC and ALB levels were associated with higher
LVEF, and increased CRP level was associated with lower LVEF. After adjusted
for CRR, although per 1-SD increase in TC level was still associated with an
increment in 4 % in LVEF, it did not achieve achieve statistic significance.
Conclusions: In patients with HF caused by CHD, higher serum TC level ap-
peared to be associated with higher LVEF, which might be associated with
systemic inflammation improvement.
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Introduction

Heart failure (HF), featured by cardiac systolic or diastolic dysfunction,
is @ major public health problem around the world [1-3]. Although medi-
cations such as angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers (ACEI/ARB), B-blockers and aldosterone antagonists
have been broadly applied to patients with HF, the mortality rate is still
high and nearly 50% of HF patients die within the first 5 years after the
initiation of clinical symptoms [1-3].

Prior epidemiological studies indicate that dyslipidemia contributes to
the initiation and progress of coronary heart disease (CHD) [4-6], which
is the major cause of HF in both developed and developing countries.
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Numerous randomized controlled trials have con-
sistently demonstrated that reduced serum total
cholesterol (TC) and low-density lipoprotein cho-
lesterol (LDL-C) levels confer both short-term and
long-term benefits to patients with dyslipidemia
[7-10]. Notably, in patients with documented
CHD, regardless of their baseline serum cholester-
ol level, statins were recommended by the 2013
AHA/ACC guideline as the cornerstone therapy
for secondary prevention of ischemic events [11].
However, in patients with HF caused by CHD, pre-
vious observational studies indicate that high se-
rum cholesterol level appeared to be associated
with better cardiovascular outcomes compared
to those with low serum cholesterol level [12, 13],
and the underlying mechanisms are multifactorial
and not fully understood yet [14].

In the current study, we used a cross-sectional
design to investigate the association of serum TC
level and left ventricular ejection fraction (LVEF)
in HF caused by CHD. In addition, the potential
mechanisms was also explored concurrently.

Material and methods
Studied participants’ enrolment

Participants’ enrolments were performed be-
tween January of 2016 to April of 2017 and the
current study was approved by the Clinical Re-
search Ethic Committee of the Third People’s Hos-
pital of Huizhou. Informed consent was provided
before enrolment and all participants were treat-
ed in accordance with the Declaration of Helsinki.
Inclusion criteria were as follows: angiographic
diagnosis of CHD, presence of chronic HF symp-
toms assessed in accordance with the criteria of
the New York Heart Association classification, and
had LVEF < 45% assessed during indexed hospital-
ization. Exclusion criteria were as follows: admis-
sion with acute decompensated HF, treated with
intravenous vasoactive agents such as dopamine
or nitroprusside sodium during hospitalization,
presence of acute coronary syndrome during in-
dexed admission, or presence of infection such as
pneumonia or cystitis.

Clinical characteristics and biochemical
data collection

Clinical characteristics including age, gender,
smoking status, height and weight used for cal-
culation of body mass index (BMI), and systolic/
diastolic blood pressure (SBP/DBP) and heart
rate (HR) at rest during admission were extracted
from medical records. Risk factors of HF including
hypertension and diabetes mellitus were record-
ed based on previous documented diagnosis, or
current anti-hypertensive or anti-diabetic therapy,
respectively. Co-morbidities including ischemic

stroke and peripheral artery disease (PAD) were
diagnosed based on patients’ clinical symptoms
and signs, and documented imaging evidence
derived from computed tomography or vascular
Doppler ultrasound. Current medication usage
was collected by two independent investigators.

Fasting venous blood was drawn for assessment
of lipid profiles, fasting plasma glucose (FPG), gly-
cated hemoglobin A (HbAlC), C-reactive protein
(CRP), creatinine (Cr), liver function panel (alanine
aminotransferase (ALT) and aspartate aminotrans-
ferase (AST)), albumin (ALB) and N-terminal pro-
brain natriuretic peptide (NT-proBNP) levels.

Echocardiography assessment

Participants were asked to lie down in the left
recumbent position. The left ventricular volumes
from apical 2 and 4 chamber views were captured
through tracing the endocardial border of left ven-
tricle using 2D transthoracic echocardiography and
the machine automatically calculated LVEF using
the biplane Simpson’s method (Philips EPIQ 7).

Statistical analysis

Continuous variables were presented as mean
+ SD and categorical variables were presented as
the number and percentage of cases. Statistical
significance of differences was analyzed using
Student’s t-test for continuous variables, and the
%2 or Fisher’s exact test was used for comparison
of categorical variables. Univariate and multivar-
iate regression analysis was used to analyze the
association between LVEF and parameters of in-
terest. In brief, based on a previous report [15],
parameters of interest included age and gender,
smoking status and BMI, comorbidities such as
diabetes mellitus and hypertension, laboratory
data such as liver function panel (such as ALT)
and glucose level, and use of medications such
as ACEI/ARB which were considered in relation to
cardiac function. Linear regression analysis was
applied to analyze the odds ratio (OR) and asso-
ciated 95% confidence intervals (Cl) of per 1 - SD
increase in serum TC levels for LVEF change. Sta-
tistical analysis was conducted using SPSS 17.0
(SPSS Inc, Chicago, IL). All of the statistical tests
were two-sided and considered statistically sig-
nificant if p < 0.05.

Results
General characteristics

A total of 236 participants were enrolled and
the general characteristics are presented in Ta-
ble I. The mean age was 57.3 years, male partic-
ipants accounted for 58.1%, and the mean BMI
was 22.7 kg/m? Regarding the risk factors and
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Table I. General characteristics (N = 236)

Variable Value
Male, n (%) 137 (58.1)
Age, mean + SD [years] 57.3+11.7
Current smoker, n (%) 94 (39.8)
Height, mean + SD [cm] 164.7 7.5
Weight, mean + SD [kg] 54.2 +16.8
BMI, mean + SD [kg/m?] 22.7 5.4
Hypertension, n (%) 148 (62.7)
Diabetes mellitus, n (%) 102 (43.2)
Ischemic stroke, n (%) 16 (6.8)
PAD, n (%) 27 (11.4)
SBP, mean + SD [mm Hg] 127.5+12.6
DBP mean + SD [mm Hg] 62.3 +10.2
HR, mean + SD [bpm] 85.3+14.4
TC, mean = SD [mmol/] 4.6 0.9
TG, mean + SD [mmol/l] 1.6 +0.8
LDL-C, mean + SD [mmol/l] 2.4 +0.6
HDL-C, mean + SD [mmol/l] 1.0 +0.3
Cr, mean + SD [umol/l] 87.3+12.6
ALB, mean + SD [g/] 33.6 6.3
AST, mean + SD [U/] 47 +12
ALT, mean + SD [U/l] 54 +15
FPG, mean + SD [mmol/] 5.6 £0.9
HbA,_ (%) 6.4 +0.7
CRP, mean + SD [mg/l] 11.4 £5.2
NT-proBNR mean + SD [pg/ml] 1422 +376
ACEI/ARB, n (%) 206 (87.3)
B-Blocker, n (%) 199 (84.3)
Spironolactone, n (%) 85 (36.0)
CCB, n (%) 32 (13.6)
Diuretics, n (%) 197 (83.5)
Statins, n (%) 219 (92.8)
Anti-platelet, n (%) 236 (100)
Anti-diabetic medications, n (%) 84 (35.6)
Insulin, n (%) 22 (9.3)
LVEF, mean + SD (%) 38.3 +5.8
NYHA-I/11, n (%) 100 (42.4)
NYHA-I/IV, n (%) 136 (57.6)

BMI - body mass index (weight in kilograms divided by height
in meters squared), PAD — peripheral artery disease, SBP/DBP —
systolic/diastolic blood pressure, HR — heart rate, bpm — beats per
minute, TC — total cholesterol, TG — triglyceride, LDL-C — low-
density lipoprotein cholesterol, HDL-C - high-density lipoprotein
cholesterol, Cr - creatinine, ALB — albumin, AST — aspartate amino-
transferase, ALT — alanine aminotransferase, FPG — fasting plasma
glucose, HbA, — glycated hemoglobin A, , CRP — C-reactive protein,
NT-proBNP — N-terminal pro-brain natriuretic peptide, ACEI/ARB
— angiotensin-converting enzyme inhibitor/angiotensin receptor
blocker, CCB — calcium channel blocker, LVEF — left ventricular
ejection fraction, NYHA — New York Heart Association.

co-morbidities, 62.7%, 43.2%, 6.8% and 11.4% of
participants had hypertension, diabetes mellitus,
ischemic stroke and peripheral artery disease, re-
spectively. Regarding the biochemical parameters,
the mean serum TC level was 4.6 mmol/|, ALB
33.6 g/l, ALT 54 U/|, CRP 11.4 mg/l, and NT-pro-
BNP 1422 pg/ml, respectively. The mean LVEF was
38.3% and 57.6% of participants had cardiac func-
tion of NYHA classification of llI/IV. Nearly 87.3%,
84.3%, 36.0%, 83.5% and 92.8% of participants
were treated with ACEI/ARB, B-blockers, spirono-
lactone, diuretics and statins.

Comparisons between severely reduced
and moderately reduced LVEF groups

Participants were separated into two groups
based on the cutoff values of LVEF < 35% and
> 35%. As presented in Table Il, compared to the se-
verely reduced LVEF group, participants in the mod-
erately reduced LVEF group were younger and had
significantly higher serum TC (4.8 £0.9 mmol/l vs.
4.4 +0.7 mmol/l) and albumin (ALB) (35.8 +6.7 g/I
vs. 31.4 +6.0 g/l) levels, while they had significant-
ly lower heart rate, serum CRP (9.6 +4.7 mg/| vs.
14.2 £7.0 mg/l) and NT-proBNP (1394 +344 pg/ml
vs. 1547 +401 pg/l) levels. Except for the higher
percentage of ACEI/ARB and spironolactone us-
age in the moderately reduced versus severely
reduced LVEF group, medication usage between
groups was not significantly different. Expected-
ly, the mean LVEF level was significantly higher
and the percentage of participants with the NYHA
classification of IlI/1V was lower in the moderately
reduced LVEF group.

Association of LVEF and parameters
of interest

Univariate and multivariate regression analyses
were applied to evaluate the association of LVEF
and parameters of interest. As presentedin Table lll,
in the univariate regression analysis, variables
including age, TC, ALB, CRR NT-proBNR ACEI/ARB
and spironolactone were significantly associated
with LVEF. In the multivariate regression analysis,
increased serum levels of TC and ALB and usage
of ACEI/ARB and spironolactone were significantly
associated with higher LVEF, and increased serum
CRP level was associated with lower LVEF.

Association of serum TC level and LVEF

The association of serum TC level and LVEF was
assessed using linear regression analysis. As pre-
sented in Table IV, overall, per 1 — SD increased
serum TC level was associated with an increment
of 21% to 8% in LVEF from the unadjusted model
to model 3. However, after further adjustment for
CRR although per 1 —SD increased serum TC level
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Table 1l. Comparisons between severely reduced
and moderately reduced LVEF groups

Table IlI. Association of LVEF and parameters of in-
terest (OR and 95 % Cl)

Abbreviations the same as Table I; * p < 0.05 vs. low LVEF group.

Variables Severely Moderately Variables Univariate Multivariate
reduced reduced
(n = 86) (n = 150) Age [years] 0.95 (0.92-0.99) 0.98 (0.94-1.06)
Male, n (%) 50 (58.1) 87 (58) Male gender 1.01 (0.94-1.10) NS
Age, mean + SD [years] 60.2 +9.6 55.4 +12.2* Current smoker  0.92 (0.87-1.01) NS
Current smoker, n (%) 34 (39.5) 60 (40) BMI [kg/m?] 1.03 (0.95-1.09) NS
Height, mean + SD [cm] 163.2 +7.8 165.0 7.0 Hypertension 0.95 (0.90-1.06) NS
Weight, mean +SD [kg] 5392154  54.6£17.1 Diabetes mellitus 0.93 (0.90-1.07) NS
BMI, mean + SD [kg/m? 22.0 £5.2 23.2 6.1
[ke/m’] SBP[mmHg]  0.99 (0.95-1.12) NS
Hypertension, n (%) 54 (62.7) 94 (62.7)
HR [bpm] 1.02 (0.97-1.13) NS
Diabetes mellitus, n (%) 38 (44.2) 64 (42.7)
TC [mmol/1] 1.12 (1.04-1.21) 1.07 (1.03-1.12)
Ischemic stroke, n (%) 6 (7.0) 10 (6.7)
TG [mmol/l] 1.04 (0.97-1.11) NS
PAD, n (%) 10 (11.6) 17 (11.3)
SBR mean + SD [mm Hg] 125.4+12.0 129.0+12.8 ALB [g/] 118 (1.11-1.25) 1.1 (1.06-1.18)
DBP mean + SD [mm Hg] 61.4+10.7  63.5 9.9 ALT[UN) 0.97 (0.91-1.10) NS
HR, mean + SD [bpm] 89.6+12.8  81.8 £14.9* HbA, (%) 0.99 (0.94-1.08) NS
TC, mean + SD [mmol/|] 4.4 +0.7 4.8 +0.9% CRP [mg/1] 0.90 (0.84-0.96)  0.94 (0.90-0.98)
TG, mean + SD [mmol/l] 1.6 £0.5 1.7 £0.9 NT-proBPN [pg/ml] 0.92 (0.89-0.97) 0.96 (0.93-1.04)
LDL-C, mean + SD 2.3+0.5 3.5 £0.6 ACEI/ARB 1.09 (1.03-1.17) 1.05 (1.01-1.10)
[mmol/l]
B-Blocker 1.03 (0.99-1.10) NS
HDL-C, mean + SD 1.0 +0.4 1.0 +0.3
[mmol/l] Spironolactone 1.07 (1.03-1.13) 1.04 (1.01-1.08)
Cr, mean + SD [umol/l] 86.4+12.2 87.9+12.8 Diuretic 0.97 (0.92-1.03) NS
ALB, mean = SD [g/l] 31.4 6.0 35.8 +6.7 Statins 1.02 (0.95-1.08) NS
AST, mean £ SD [U/]] 49 +14 45 #11 Abbreviations the same as Table I, NS — non-significant.
ALT, mean + SD [U/] 60 +18 49£13 Table IV. Linear regression analysis
FPG, mean + SD [mmol/] 5.7 +0.8 5.6 +0.9 -
Variable TC (OR and 95% Cl)
HbA,_ (%) 6.5 0.8 6.4 +0.6
Unadjusted 1.21 (1.13-1.30)
CRP. mean + SD [mg/l] 14.2 £7.0 9.6 +4.7*
Model 1 1.17 (1.09-1.23)
NT-proBNE mean + SD 1547 +401 1394 +344*
[pg/ml] Model 2 1.12 (1.05-1.18)
ACEI/ARB, n (%) 70 (81.4) 136 (90.7)* Model 3 1.08 (1.02-1.11)
_ o,
B-Blocker, n (%) 74 (86.0) 125 (83.3) Model 4 1.04 (0.99-1.06)
. 0, *
Spironolactone, n (%) 28 (326) 57 (38.0) Model 1 adjusted for age, male gender, and smoking status; Model 2
CCB, n (%) 12 (13.9) 20 (13.3) adjusted for age, male gender, smoking status, hypertension,
- - diabetes mellitus, ALT and NT-proBNP; Model 3 adjusted for age,
Diuretics, n (%) 72 (83.7) 125 (83.3) male gender, smoking status, hypertension, diabetes mellitus, ALT,
A NT-proBNR ACEI/ARB and spironolactone; Model 4 adjusted for
Statins, n (%) 80 (93.0) 139 (92.7) age, male gender, smoking status, hypertension, diabetes mellitus,
Anti-platelet, n (%) 86 (100) 150 (100) ALT, NT-proBNR ACEI/ARB, spironolactone and CRP.
Anti-diabetes 30 (34.9) 54 (36)
medications, n (%) was still associated with an increment of 4% in
Insulin, n (%) 9 (10.5) 13 8.7) LVEF, it did not achieve statistical significance.
(o) *
LVEF (%) 31.7 £3.0 39.2 +4.1 Discussion
NYHA-I/1I, n (% 32 (37.2 68 (45.3)* . L.
%) 7.2 453 Our current study has the following principal
NYHA-II/IV, n (%) 54 (62.8) 82 (54.7)* findings. First of all, compared to those with mod-

erately reduced LVEF patients with severely re-
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duced LVEF appeared to have a poorer nutritional
condition and greater systemic inflammation. Sec-
ond, higher serum levels of TC and ALB were inde-
pendently associated with higher LVEF while higher
CRP level was significantly associated with lower
LVEF. Finally, per 1 — SD increase in serum TC level
was independently associated with a 4% increase
in LVEF although it did not achieve statistical signif-
icance after adjustment for serum CRP level.

According to the 2013 AHA/ACC dyslipidemia
guidelines [11], patients with documented CHD
should be treated with intensive statins. Never-
theless, in patients with HF caused by CHD, nei-
ther the 2013 AHA/ACC heart failure guidelines
[16] nor the 2016 ESC heart failure guidelines
[17] provided a definite recommendation for cho-
lesterol management because no randomized
clinical trials have evaluated the optimal serum
cholesterol level in these patients. Notably, statins
has pleiotropic effects in terms of anti-inflamma-
tion, anti-oxidation and endothelium-protection
[18], and therefore it was speculated that statins
might have potential benefits for HF patients. Two
randomized clinical trials [19, 20] have been per-
formed to investigate whether statin therapy could
improve cardiovascular outcomes in patients with
HF, regardless of the causes of left ventricular dys-
function. Disappointingly, these two trials did not
show benefits for improvement of cardiovascular
outcomes in the rosuvastatin group versus place-
bo group.

From a pathophysiological perspective, HF pa-
tients have a status of energy deprivation due to
the increased heart rate and breathing rate both at
rest and during physical activity. In addition, mal-
nutrition caused by intestinal edema further re-
duces the energy source, which leads HF patients
to gradually develop cardiac cachexia. Of note,
both glucose and cholesterol are important sub-
strates for energy generation and maintenance of
organ function. Therefore, a higher serum choles-
terol level may be beneficial for improvement of
HF patients’ outcome. Indeed, prior observation-
al studies showed that compared to those with
a low serum TC level, patients with a high serum
TC level have a better prognosis. For example,
Horwich et al. reported that in patients with acute
decompensated HF [21], lower serum TC level
independently predicted increased in-hospital
mortality risk. In patients with advanced HF [13],
Horwich et al. observed that after adjustment for
traditional risk factors, decreased serum TC level
was associated with nearly a 2-fold increase in
mortality risk. However, the causes of left ventric-
ular dysfunction in these two studies were mixed.
Recently, Cai et al. retrospectively enrolled patients
with HF complicated by CHD [15], and they found
that lower high-density lipoprotein cholesterol
(HDL-C) level was associated with all-cause mor-

tality in HF with reduced ejection fraction. Zhao
et al. also observed that higher baseline TC and
HDL-C levels were associated with better outcome
in CHD patients with HF [12]. Consistently with
previous studies, our current study also showed
that compared to those with severely reduced
LVEF, patients with moderately reduced LVEF had
significantly higher serum TC and ALB levels. Find-
ings from multivariate regression analyses also
supported the notion that increased serum TC and
ALB levels were significantly associated with high-
er LVEF. The underlying mechanisms might involve
increased supply of energy substrates, which in
turn helped maintain cardiac function [15].

Interestingly and importantly, we also observed
that increased serum CRP level was associated
with lower LVEF; and in the linear regression anal-
ysis, after adjustment for serum CRP level, the
odds ratio of per 1 — SD increase in serum TC level
for LVEF change was reduced to statistical insignif-
icance, indicating that the effects of increased se-
rum TC level on protecting cardiac function might
be associated with anti-inflammation. Sandek
et al. [22] enrolled chronic HF patients and eval-
uated the morphology and function of the gut in
these participants. They observed that compared
to the control group, the intestinal permeability
and bacterial biofilm were profoundly increased in
patients with chronic HF and they hypothesized
that these pathologic alterations in turn might
contribute to the origin of both chronic inflam-
mation and malnutrition [22]. Notably, lipoprotein
in the circulation system can combine endotox-
ins derived from bacteria of the intestinal tract
[23-25]. Therefore, maintaining a higher choles-
terol level might help to reduce the serum free
endotoxin level in HF patients, which in turn may
help to ameliorate systemic inflammation [26]. In-
deed, in our current study we also observed that
patients with higher LVEF had a higher serum ALB
level and a lower serum CRP level when compared
to patients with lower LVEF.

The clinical relevance of our current study is
that in patients with HF caused by CHD, evaluat-
ing baseline serum TC level may be beneficial to
assess the potential risk of left ventricular func-
tion worsening, which in turn would help physi-
cians to better stratify the cardiovascular disease
risk as well as to improve clinical management.
Future prospective cohort studies and randomized
controlled trials are warranted to evaluate wheth-
er changes of serum TC level over time will impact
cardiovascular outcomes in HF caused by CHD.

In conclusion, in patients with HF complicat-
ed by CHD, higher serum TC level appeared to be
associated with higher LVEF and the underlying
mechanisms might be associated with systemic
inflammation improvement. The potential clinical
implication of the current study is that it is war-
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ranted to investigate whether baseline serum TC
level can be used to predict LVEF change and car-
diovascular outcome in HF complicated by CHD.

There were some limitations of the current
study. First of all, the cross-sectional design could
not allow us to infer a causal relationship be-
tween serum TC level and LVEF. However, to our
best knowledge, this is the first study to investi-
gate the association of TC and LVEF in patients
with HF complicated with CHD. Also, the findings
from the current study provide novel insight into
the association of serum TC level and LVEF in this
unique population group. Second, although we
had extensively adjusted for potential biases, un-
detected and unmeasured covariates might exist
and impact the association. Third, the study was
compromised by the relatively small sample size.
Fourth, the study did not enroll HF patients with
normal LVEF (> 55%), and future studies are need-
ed to investigate whether serum TC level is also
associated with LVEF in this population group. Last
but least, not all patients enrolled in the study
were treated with optimal medications, for exam-
ple, only 36% of participants took spironolactone,
which might also influence the association of se-
rum TC level and LVEF, and these findings should
not be extrapolated to other patients with optimal
treatment.
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