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Abstract N\
Background: Experimental data obtained in animal models supported the protective role of bilirubin. However, clinical studies |
regarding the prognostic role of total bilirubin in patients with acute myocardial infarction (AMI) are conflicting. We, therefore,
undertook this meta-analysis to evaluate the prognostic value of serum total bilirubin in AMI patients.

Methods: Relevant studies were searched from PubMed and EMBASE databases up to April 15, 2018. Studies evaluating the
outcomes in relation to serum total bilirubin in AMI patients and reporting multivariable-adjusted risk estimate of the prognostic value
were eligible. The outcome measures were major adverse cardiac events (MACEs), cardiovascular death, and all-cause mortality.
Results: Six studies involving 14,554 AMI patients were identified. Meta-analysis indicated that higher total bilirubin was associated
with an increased risk of MACEs (risk ratio [RR] 1.65; 95% confidence intervals [Cl] 1.25-2.19) and cardiovascular death (RR 2.12;
95%ClI 1.24-3.64). However, higher serum total bilirubin did not significantly increase all-cause mortality risk (RR 1.31; 95%CI 0.75-
2.28). Subgroup analyses by the types of AMI and study design supported the pooled results.

Conclusions: Higher serum total bilirubin level is a predictor of MACEs and cardiovascular death in patients with AMI. However,
interpretation of these findings should be with caution due to the impact of cardiac dysfunction after AMI.

Abbreviations: AMI = acute myocardial infarction, CAD = coronary artery disease, Cl = confidence intervals, MACEs = major
adverse cardiac events, NOS = Newcastle Ottawa Scale, NSTEMI = non-ST elevation myocardial infarction, RR = risk ratios, STEMI

= ST-segment elevation myocardial infarction.
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1. Introduction

Despite substantial improvements in reperfusion therapy, acute
myocardial infarction (AMI) remains a life-threatening disease
worldwide.? AMI is traditionally divided into ST-segment
elevation myocardial infarction (STEMI) or non-ST elevation
myocardial infarction (NSTEMI). The prognosis of patients with
AMTI s still poor, particularly in the STEMI cases.®! Therefore, early
prediction of morbidity and mortality is warranted to guide treatment
in these patients.
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Biomarkers are frequently used to predict adverse outcomes in
AMI patients.'! Bilirubin is the final product of heme catabolism
in the systemic circulation. Clinically, bilirubin is routinely
applied for assessment of liver function. Bilirubin is known to be
an important endogenous antioxidant.”™ Lower bilirubin level
was associated with increased risk of major adverse cardiac
events (MACEs) in stable coronary artery disease (CAD)
patients.!”! By contrast, serum bilirubin level increase acutely
after AMI/PCI, peaking 21h after coronary intervention.'®!
AMI patients with higher total bilirubin level had a worse
prognosis.” """ However, the use of serum total bilirubin level for
predicting the MACEs and long-term mortality is conflict-
ing.">13! Furthermore, the magnitude of the prognostic value of
total bilirubin varied considerably across studies.

To the best of our knowledge, no previous meta-analysis has
evaluated the prognostic role of serum total bilirubin among AMI
patients. We, therefore, conducted a meta-analysis to evaluate the
prognostic value of higher serum total bilirubin level in patients
with AMI, in terms of MACEs, cardiovascular death, and all-
cause mortality risk.

2. Materials and methods

2.1. Search strategy

Two authors independently searched PubMed and Embase
databases from their inception to April 15,2018. Search keywords
used were as follows: “bilirubin” AND “AMI” OR “acute
coronary syndrome” AND “death” OR “mortality” OR “major
adverse cardiovascular events” OR “prognosis”. Language was
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restrained as English. Additionally, the reference lists of relevant
articles were manually searched to identify any additional articles.
This meta-analysis was reported according to the checklist of the
Meta-Analysis of Observational Studies in Epidemiology.™!
Ethical approval was not required because the present study only
used the study level data

2.2. Study selection
Studies satisfying the following inclusion criteria were included:

1. full-text observational studies that evaluated the association of
serum total bilirubin level with the prognosis of AMI patients;

2. outcome of interests were MACEs, cardiovascular death or
all-cause mortality; and

3. presented multivariate-adjusted risk estimate on the associa-
tion between total bilirubin and prognosis for the higher
versus the lower total bilirubin level.

Studies were excluded if:

1. the study population was non-AMI patients or specific type of
AMI;

. conference abstract, reviews or letters; and

3. multiple publications adopting the same population.

[\

2.3. Data extraction and quality assessment

The following information was independently extracted by 2
authors: surname of the first author, publication year, geograph-
ical location, study design, study population, sample size, mean
age or age range at baseline, percentage of men, proportion of
diabetes or hypertension, total bilirubin cut-off level, number of
outcome event, fully multivariable-adjusted hazard ratio (HR) or
odds ratio (OR) with 95% confidence intervals (CI), length of
follow-up, and adjustment for potential confounders. A third
reviewer was consulted to resolve the differences between the 2
authors in the data abstraction. The methodological quality of
the selected studies was evaluated using a nine-star Newcastle—
Ottawa Scale (NOS).I'! Study quality was examined on the
selection, comparability, exposure, and outcomes assessment.
Overall, studies scoring 7 or above indicated good quality.

2.4. Data synthesis and analysis

Multivariate-adjusted risk estimates for the higher versus lower
total bilirubin level were used for meta-analysis. HR and OR were
assumed to approximate the same measure of the risk ratio (RR).
Heterogeneity was assessed by the I? statistic and Cochrane O test.
If statistically significant heterogeneity was observed (P value of
Cochrane O test <.1 or I? statistic>50%), we chose a random
effect model. Otherwise, a fixed-effect model was applied. To
explore heterogeneity, subgroup analyses were performed accord-
ing to the type of AMI (STEMI versus total AMI) and follow-up
duration (in-hospital versus follow-up). To explore the reliability
of the pooled effect sizes, sensitivity analysis was conducted by
omitting individual studies at each turn. Statistical analyses were
performed using STATA version 12.0 (StataCorp, TX).

3. Results

3.1. Search results and study characteristics

We identified 295 potential articles in Pubmed and Embase
databases. No additional articles were identified by reviewing the
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reference lists. After scanning the titles and abstracts, 263 articles
were removed. After reviewing the full-text articles, 26 articles
were further excluded mainly due to they did not report the
outcome of interest or population was not restricted to AMI
patients. Finally, 6 studies!"'31¢"! were included in the meta-
analysis. The flow chart of the study selection process is presented
in Figure 1.

Table 1 summarizes the baseline characteristics of the included
studies. These studies were conducted in Turkey,!'®1”!
Germany,"*! USA,!"! China,"®! and South Korea."® Four
studies!'%1%7'8! enrolled STEMI patients undergoing percutane-
ous coronary intervention (PCI) and 2 studies included patients
with STEMI and NSTEMI. Sample sizes varied from 536 to
7467, with a total of 14,554 AMI patients. The mean age of
patients ranged from 56.8 to 64.2 years, and the percentage of
men ranged from 71.9% to 82.3%. Mean follow-up duration
was up to 26.2 months. According to the 9-star NOS scale, 4
studies achieved high-quality score of 7 (Supplemental Table S1,
http://links.lww.com/MD/C756).

3.2. Total bilirubin and MACEs

Three studies™>'”>'8! reported the in-hospital MACEs as an

outcome and one study!™! provided data on follow-up MACEs.
As shown in Figure 2, AMI patients with higher serum total
bilirubin level had an increased risk of MACEs (RR 1.65;95% CI
1.25-2.19) in a random effect model. There was significant
heterogeneity among the studies (I*=62.9%; P=.029). A leave-
out 1 study sensitivity analysis did not substantially change the
combined effect (Data not shown). Stratified analysis by follow-
up duration indicated that higher serum total bilirubin
significantly increased both in-hospital MACEs (RR 1.87;
95% CI 1.34-2.60) and follow-up MACEs (RR 1.26; 95% CI
1.05-1.51). Moreover, subgroup analysis by the type of
myocardial infarction showed that the prognostic value of
higher total bilirubin was stronger in the STEMI patients
undergoing PCI (RR 1.87; 95% CI 1.34-2.60) than all type of
AMI patients (RR 1.265 95% CI 1.05-1.51).

3.3. Total bilirubin and cardiovascular mortality

Three studies!"® ¥ reported cardiovascular mortality as an

outcome. As shown in Figure 3, AMI patients with higher
serum total bilirubin level was associated with an increased
risk of cardiovascular mortality (RR 2.12; 95% CI 1.24-3.64)
in a random effect model, with significant heterogeneity
across the studies (I?=71.4%; P=.030). Sensitivity analysis
by removing individual studies at each time did not
substantially alter the pooled risk estimate (Data not shown).
Stratified analysis by follow-up duration showed that the
prognostic value of higher total bilirubin was stronger for in-
hospital cardiovascular mortality (RR 2.82; 95% CI 1.83-
4.36) than the follow-up cardiovascular mortality (RR 1.45;
95% CI 1.14-1.85).

3.4. Total bilirubin and all-cause mortality

Two studies!'®*! reported the all-cause mortality as an outcome.

As shown in Figure 4, AMI patients with higher serum total
bilirubin level was not associated with an increased risk of all-
cause mortality (RR 1.31; 95% CI 0.75-2.28) in a random effect
model. The heterogeneity among studies was significant (I*=
67.7%; P=.045). Stratified analysis by follow-up duration
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Figure 1. Flow chart showing the study selection process.

Summary characteristics of the included studies.

Sample Male Age DM HYP Cutoff of bilirubin and No. event Total
Study Country Design Patients size (%) (vears) (%) (%) timing of blood HR/OR(95% Cl) Follow-up Adjusting factors NOS
Gul 2013 U8 Turkey Consecutive  STEMI + PCI 1624 82.3 56.8+11.6 25.4 39.1 0.9 mg/ml; Morning Cardiac death (89) 26.2 months Age, DM, Killip class, 7
after PCI 3.24 (1.27-8.27) anemia, unsuccessful
procedure, and eGFR
Celik Turkey Consecutive  STEMI + PCI 536 79  59.9+12.6 23.1 42.0 NP; Admission to MACE (70) In-hospital ~ Age, hsCRP, aspirin, 6
2014 117 emergency room 1.40 (1.05-1.86) B-blocker, DM, previous

CAD, pain-to-balloon
time, and glucose on

admission.
Baumann Germany Retrospective STEMI + PCI 803 73.1 62.5+13.4 24.3 58.5 12.1 mg/L; After MACE (103) In-hospital ~ Multiple variables 7
2016 [ initial admission 2.03 (1.23-3.40) M; adjustment
1.83 (0.81-4.11) W
Chung South Korea Consecutive  STEMI + 1111 749 625+124 30.2 40.5 7.9 mg/L; Time of MACE (76) In-hospital ~ Age, HYP, DM, CAD, SBP, 7
2016 18 PCI +DES presentation 2.69 (1.67-4.34); LVEF, heart rate, anterior
before PCI Cardiac death (73) AMI, BW, LBBB, Killip
2.72 (1.67—-4.44) class, symptom to
balloon time, and
angiographic parameters
Huang China Retrospective AMI 3013 82.8 64.2+11.9 21.2 48.4 14.5umol/L; Time of 30-day death (42) 24 months  Age, gender, BMI, DM, 6
2017 119 presentation 2.18 (1.00-4.79); SBP, DBP, TC, LVEF,
Long-term death (47); eGFR, CK-MB, CAD
0.68 (0.35-1.31) severity, prior
revascularization, pre-
hypertension, and
discharge medications
Frikha USA Retrospective AMI 7467 719 63.7+11.5 31.1 58.3 17.1 pmol/L; MACE (1575) 1.32 years  Age, gender, Killip class, 8
2018 19 Between 12 h 1.26 (1.05-1.51); LVEF, DM, hypertension,
and 21 d after AMI  Cardiac death (972) renal failure, COPD,
1.45 (1.14-1.86); PAD, hemoglobin, serum
Total death (1115) sodium, eGFR, and
1.51 (1.20-1.91) treatment at baseline

AMI=acute myocardial infarction, BW =body weight, CAD = coronary artery disease, Cl=confidence intervals, COPD = chronic obstructive pulmonary disease, DES =Drug-Eluting Stents, DES = drug-eluting
stents, DM = diabetes mellitus, eGFR = estimated glomerular filtration rate, HR=hazard ratio, Hs-CRP = high sensitivity C-reactive protein, HYP = hypertension, LBBB=Ieft bundle branch block, LVEF =left
ventricular ejection fraction, MACE =major adverse cardiovascular events, NOS = Newcastle-Ottawa Scale, NP =not provided, OR =odds ratio, PAD = peripheral artery disease, PCl=percutaneous coronary
intervention, SBP =systolic blood pressure, STEMI=ST segment elevated myocardial infarction, TC=total cholesterol, WBC=white blood count.

3


http://www.md-journal.com

Shen et al. Medicine (2019) 98:3 Medicine

Study %

ID RR (95% ClI)  Weight
A.In-hospital '

Celik (2014) —— 1.40 (1.05, 1.86) 26.07

Baumann (Men) (2016)
Baumann (Women) (2016)

% 2.03 (1.23, 3.40) 16.39
- 1.83 (0.81,4.11) 8.89

Chung (2016) ~ 2,69 (1.67, 4.34) 17.51
Subtotal (I-squared = 48.1%, p = 0.123) < e 1.87 (1.34, 2.60) 68.85
B.Follow-up

Frikha (2018) ——— 1.26 (1.05, 1.51) 31.15
Subtotal (I-squared = %, p = .) < 1.26 (1.05, 1.51) 31.15
Overall (I-squared = 62.9%, p = 0.029) <> 1.65 (1.25, 2.19) 100.00

NOTE: Weights are from random effects analysis
| |
23 1 434

Figure 2. Forest plots showing risk ratio and 95% confidence interval of major adverse cardiac events for the higher versus lower serum total bilirubin level.

Study %

ID RR (95% Cl) Weight
A. In-hospital

Gul (2013) : 3.24 (1.27,8.27) 19.85
Chung (2016) — 272 (1.67,4.44) 3520
Subtotal (I-squared = 0.0%, p = 0.746) <> 2.82(1.83,4.36) 55.05
B. Follow-up :

Frikha (2018) —— 1.45 (1.14, 1.86) 44.95
Subtotal (I-squared =.%,p=.) <> E 1.45 (1.14, 1.85) 44.95
Overall (--squared = 71.4%, p = 0.030) <> 212 (1.24,364) 100.00

NOTE: Weights are from random effects analysiF ,
T T . T
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Figure 3. Forest plots showing risk ratio and 95% confidence interval of cardiovascular mortality for the higher versus lower serum total bilirubin level.
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Figure 4. Forest plots showing risk ratio and 95% confidence interval of all-cause of mortality for the higher versus lower serum total bilirubin level.

revealed that the prognostic value of total bilirubin was not
significant in both 30-day and long-term all-cause mortality.

3.5. Publication bias

The funnel plot is potentially unreliable for less than the
recommended arbitrary minimum number of 10 studies includ-
ed,?%" we, therefore, did not construct the funnel plot to explore
publication bias.

4. Discussion

The current meta-analysis suggests that higher serum total
bilirubin level is independently associated with an increased risk
of MACEs and cardiovascular mortality in patients with AML
AMI patients with higher serum total bilirubin had an
approximately 65% and 2.12-fold greater risk of MACEs and
cardiovascular mortality, respectively. However, higher serum
total bilirubin was not associated with an increased risk of all-
cause mortality risk during follow-up.

Bilirubin has anti-oxidant, anti-inflammatory, and vasodilatory
functions.*!! The prognostic value of serum bilirubin is different
from CAD and AMI patients. In contrast, increased risk of CAD in
individuals with low serum total bilirubin level.[*?! For stable CAD
patients, increased serum total bilirubin was associated with a
better prognosis.'®!3! Accordingly, experimental data obtained in
animal models also supported the protective effects of bilirubin.
Chronically increased bilirubin protected from cardiac reperfusion
injury.?*! Increased cardiac bilirubin could improve postischemic
myocardial function.?* Administration of bilirubin reduced
infarct area in a rat coronary ischemia/reperfusion model.”*! In
light of these evidence, bilirubin plays a potential protective role in

cardiovascular disease.”! While in AMI patients, elevated total
bilirubin level was correlated with high burden thrombus'! and
coronary atherosclerosis,'®! and angiographic coronary no-
reflow."”! Also, AMI patients with higher total bilirubin had a
lower in stent restenosis risk than those with lower total
bilirubin.!*”! Myocardial heme oxygenase-1 enzyme activity was
significantly increased in response to acute infarction.®! Elevated
bilirubin level could be mainly caused by stress-induced heme
oxygenase enzyme activation in AMI patients. Above findings
suggests that bilirubin is a protective factor during chronic
elevation in relatively stable CAD patients, whereas acute elevation
may be a marker of disease severity.

The exact mechanisms underlying the association between
total bilirubin level and adverse outcomes in AMI patients are
unclear. Bilirubin is a potent antioxidant under physiological
conditions.?¥! Increased bilirubin level may be a compensatory
mechanism in response to oxidative stress. Impaired perfusion of
liver induced by low cardiac output is another important cause of
increased bilirubin level.**! Additionally, bilirubin could exert an
effect on the blood pressure and other cardiovascular risk.!>"!
Circulating bilirubin level may be considered as a surrogate
biomarker of cardiac dysfunction and poor hepatic perfusion.

Nevertheless, high serum total bilirubin level may simply reflect
the AMI severity.®" Therefore, bilirubin effects could have
confounded by poor cardiac function after AMI. Regardless of
whether elevated bilirubin is a surrogate marker of AMI severity
or an independent prognostic factor for the adverse prognosis,
careful attention is needed for clinicians.

There are several limitations in this meta-analysis. First, total
bilirubin was only determined at a single time point and could
not reflect the changes during the time of the hospital stay and
follow-up. Second, different cut-off values of the serum total


http://www.md-journal.com

Shen et al. Medicine (2019) 98:3

bilirubin level were reported in the analyzed studies, and we failed
to establish an optimal threshold of total bilirubin in this meta-
analysis. Third, inability to perform the publication bias test due
to small number of studies included in the analyses and also
results of subgroup analysis may be unreliable. Fourth, there were
significant between-study heterogeneity and differences in study
design, clinical settings, follow-up duration, and types of AMI
could contribute to the heterogeneity. Fifth, lack of reporting
other medications that may have changed not only the prognosis
but the level of bilirubin itself. Finally, bilirubin is likely
representing a surrogate marker of MI severity, and therefore,
revealing the potential protective effects is almost impossible by
the retrospective analysis.

5. Conclusions

AMI patients with higher serum total bilirubin level significantly
increased risk of MACEs and cardiovascular mortality but not
all-cause mortality risk. However, interpretation of the current
findings should be with caution because the prognostic value of
bilirubin can be confounded by cardiac dysfunction after AMI.
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