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ABSTRACT

Objectives Serum calcium levels (sCa) were reported to
be associated with risk of cardiovascular diseases. The
aim of this study was to analyse the association between
sCa and long-term mortality in patients with acute
coronary syndrome (ACS).

Design A retrospective observational cohort study.
Setting Single-centre study with participants recruited
from the local area.

Participants A total of consecutive 13 772 patients with
ACS were included in this analysis. Patients were divided
based on their sCa profile (<2.1 mmol/L, 2.1-2.2 mmol/L,
2.2-2.3 mmol/L, 2.3-2.4 mmol/L, 2.4-2.5 mmol/L,>2.5
mmol/L) and followed up for a median of 2.96 years (IQR
1.01-4.07).

Primary outcome Long-term all-cause mortality.
Results During a median follow-up period of 2.96 years,
patients with sCa <2.1 mmol/L had the highest cumulative
incidences of all-cause mortality (16.7%), whereas those
with sCa 2.4-2.5 mmol/L had the lowest cumulative
incidences of all-cause mortality (3.5%). After adjusting
for potentially confounding variables, the Cox analysis
revealed that compared with the reference group (sCa
2.4-2.5 mmol/L), all the other groups had higher mortality
except for the sCa 2.3-2.4 mmol/L group (HR, 1.32, 95%
Cl 0.93 to 1.87). Restricted cubic splines showed that the
relationship between sCa and all-cause mortality seemed
to be U shaped. The optimal sCa cut-off point, 2.35
mmol/L, was determined based on the shape of restricted
cubic splines.

Conclusions Altered serum calcium homeostasis at
admission independently predicts all-cause mortality in
patients with ACS. In addition, a U-shaped relationship
between sCa and all-cause mortality exists, and
maintaining sCa at approximately 2.35 mmol/L may
minimise the risk of mortality.

INTRODUCTION

Serum calcium ions play a pivotal role in
various metabolic and regulatory processes,
including excitation, contraction and relax-
ation of the myocardium, platelet adhesion,
blood coagulation and neurotransmitter

,! Jie-Gao Zhu,? Xue-Qiao Zhao,* Hui Chen," Wei-Ping Li," Hong-Wei Li’

Strengths and limitations of this study

» We provided new evidence regarding the associa-
tion between serum calcium levels (sCa) and long-
term outcomes in a large ‘real-world’ cohort of acute
coronary syndrome patients.

» This cohort study had a longer follow-up time and
larger sample size than other published studies.

» This was a retrospective observational study from
one single centre.

» Follow-up data were partially collected by telephone
interviews, which might cause information bias.

» Due to our retrospectively collected data, it is not
possible to report the serial change of sCa.

release.'™ Thus, alterations in serum calcium
ions may interfere with platelet aggrega-
tion, electrical stability and cause myocar-
dial dysfunction, which may adversely affect
prognosis of patients with acute coronary
syndrome (ACS).

Abnormal (sCa)
have been previously reported to be an
independent predictor of the incidence of
cardiovascular diseases and associated with
cardiovascular risk factors such as hyperten-
sion, dyslipidaemia and diabetes.*™ Since
sCa can be easily measured through estab-
lished assays, identifying the association
between sCa and outcomes can be useful
in clinical practice. A few published studies
have shown that altered serum calcium
homeostasis was an independent risk factor
for short-term mortality in patients with
cardiovascular diseases.'>™° However, studies
evaluating the association between sCa and
long-term outcomes in the setting of ACS
are still limited and, when exist, are possibly
too small to extensively uncover the true
associations.'” There is still no consensus on

serum calcium levels
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Number of patients with ACS
Between January 2013 and January 2020
N=13975

missing calcium data (N=74)
with renal failure (N=120)

Number of patients were excluded for
—_
with parathyroid disorder (N=9)

Number of patients were included
in the study
N=13772

sCa<2.1 mmol/L || 2.1-2.2 mmol/L || 2.2-2.3 mmol/L || 2.3-2.4 mmoV/L || 2.4-2.5 mmol/L || >2.5 mmol/L
N=1293 N=2779 N=4603 N=3281 N=1493 N=323

Figure 1 Study population and selection. ACS, acute
coronary syndrome.

the cut-off points to define the levels of serum calcium
needed to reduce the risk of death in most studies.

The current study aimed to investigate the association
between sCa and long-term outcome in a large ‘real-
world’ cohort of patients with ACS.

METHODS

Study design

The present investigation was a retrospective observa-
tional cohort study with a long-term follow-up. As shown
in figure 1, a total of 13 975 patients with ACS including
ST elevation myocardial infarction (STEMI), Non-STEMI
(NSTEMI) and unstable angina pectoris (UAP) who were
admitted to Beijing Friendship Hospital from January
2013 to January 2020 were considered for enrollment
into the study. Two hundred and three patients were
excluded because of missing calcium data, with known
renal failure or parathyroid disorder. Medical records
were collected from the Cardiovascular Center Beijing
Friendship Hospital Database Bank.

Clinical assessments and follow-up

Clinical characteristics including demographic data and
laboratory test results were collected during hospitalisa-
tion. Peripheral venous blood was drawn within 24 hours
of presentation and tested for calcium, creatinine, glyco-
sylated haemoglobin (HbAlc) and low-density lipoprotein
cholesterol (LDL-C), by a certified laboratory at our insti-
tution. Total sCa were tested and corrected for albumin
levels in order to evaluate values of ionised calcium in
our study. sCa were corrected according to the following
formula: observed serum calcium (mmol/L)+0.02x (40
g/L-albumin g/ L).18 Patients were divided based on
their sCa profile: <2.1 mmol/L, 2.1-2.2 mmol/L, 2.2-2.3
mmol/L,2.3-2.4mmol/L, 2.4-2.5 mmol/L,>2.5 mmol/L.
The peak values of cardiac troponin I (cTnl) and N-ter-
minal pro-brain natriuretic peptide (NTproBNP) after
serial measurements were used as indicators of myocardial
injury. The estimated glomerular filtration rate (eGFR)
was calculated by the Cockcroft-Gault formula. Echocar-
diography was performed on the second day of hospi-
talisation. The biplane left ventricular ejection fraction
(LVEF) was calculated by the disc summation method.

Patients were treated according to prevailing guide-
lines and individual need, which was determined by the
attending physician. Follow-up data were collected by
telephone interviews and reviewing outpatient medical
records. The median follow-up was 2.96 years (IQR 1.01-
4.07). The primary endpoint of this study was all-cause
mortality.

Statistics analyses

Due to skewed distribution, continuous variables in our
study were reported as medians with IQRs and categor-
ical variables as frequencies with percentages. Baseline
characteristics of the study population across sCa groups
were compared using the Kruskal-Wallis rank sum test for
continuous variables and the Pearson y” test for categor-
ical variables. To visualise the relationship between sCa
groups and long-term prognosis, Kaplan-Meier plots were
generated. Unadjusted and adjusted associations of sCa
groups with follow-up mortality were assessed using the
Cox proportional hazards models. HRs with 95% CIs
were calculated for each sCa category compared with
reference group. The 2.4-2.5 mmol/L group was chosen
as the reference group after showing the mortality results.
A multiple restricted cubic spline Cox regression model
was used to explore the non-linear association between
sCa and all-cause mortality. The following covariates were
adjusted for the multivariable model: age, sex, classifica-
tion of ACS, history of myocardial infarction, history of
percutaneous coronary intervention (PCI), history of
coronary artery bypass grafting, history of hypertension,
history of diabetes, current smoker, systolic blood pres-
sure at admission, HbAlc, LDL-C, eGFR, albumin, LVEF,
PCI therapy and medical therapy. All data analyses were
performed with the use of SPSS V.22.0 (IBM, Armonk,
New York, USA) and R (V.3.6.3). p<0.05 was considered
statistically significant.

Patient and public involvement
No patient was involved.

RESULTS

Baseline characteristics

As table 1 shows, patients in various sCa categories were
different in most baseline characteristics. Patients with
low sCa were older, more likely to be men and current
smokers, have more prevalent diagnosis of STEMI and
NSTEMI, more likely to have lower levels of LDL-C and
HbAlc, higher levels of ¢Tnl and NTproBNP, and more
likely to have LVEF <50%. Those with high sCa were
mostly women, have higher rates of prior hypertension
and diabetes, more prevalent diagnosis of UAP, have
lower levels of eGFR and ¢Tnl and were less likely to
receive PCI.

Study outcomes
Over the median follow-up period of 2.96 years, 1043
patients died (7.6%). The cumulative incidences of
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Table 1 Continued

>2.5
(n

2.4-2.5
(n

2.3-24

2.2-23
(n

2.1-2.2
(n=2779)

<21
(n

P value
<0.001
<0.001

323)
199 (75-888)

31 (9.6)

=1493)
166 (66-619)
94 (6.3)

(n=3281)

4603)
254 (88-1052)
422 (9.2)

1293)
1573 (319-6824)

242 (18.7)

189 (71-682)
215 (6.6)

457 (131-2224)

336 (12.1)

NTproBNP, pg/mL

LVEF <50%, n (%)

BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass grafting; cTnl, cardiac troponin I; eGFR, estimated glomerular filtration rate; HoA1C,

glycosylated haemoglobin; LDL-C, low density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; NSTEMI, Non-ST elevation myocardial infarction; NTproBNP,

N-terminal pro-brain natriuretic peptide; PCI, percutaneous coronary intervention; STEMI, ST elevation myocardial infarction; UAP, unstable angina pectoris.

1.0
0.9
=
2
g 0.8 Serum calcium
%) (mmol/L)
T <21
S 070 2122
© 12223
2.3-2.4
0.6 1 24-25
I >25
0.5 T T | T T | T
0 1 2 3 4 5 6 7
NO. at Risk Years

<21 1293 972 772 612 486 318 93 11
2.1-2.2 2779 2142 1691 1331 1025 652 244 33
2.2-2.3 4603 3503 2817 2211 1609 919 404 52
2.3-2.4 3281 2559 2054 1576 1060 518 255 23
2.4-25 1493 1181 939 674 398 201 100 7
>2.5 323 246 206 143 73 31 15 0
Figure 2 Kaplan-Meier curves indicating the all-cause

mortality in different serum calcium categories among
patients with acute coronary syndrome.

all-cause mortality differed significantly, as shown in
figure 2. Patients with sCa <2.1 mmol/L had the highest
cumulative incidences of all-cause mortality (16.7%),
whereas those with sCa 2.4-2.5 mmol/L had the lowest
cumulative incidences of all-cause mortality (3.5%).

On multivariable analysis (figure 3), compared with
the reference group (sCa 2.4-2.5 mmol/L), all the other
groups had higher mortality (<2.1 mmol/L, HR 1.66,
95% CI 1.16 to 2.36; 2.1-2.2 mmol/L, HR 1.75; 95% CI
1.24 to 2.45; 2.2-2.3 mmol/L, HR 1.40, 95% CI 1.00 to
1.96; >2.5 mmol/L, HR 2.04, 95% CI 1.24 to 3.37, respec-
tively), except for the sCa 2.3-2.4 mmol/L group, which
had similar mortality with the reference group (HR, 1.32,
95% CI 0.93 to 1.87). Restricted cubic splines showed
that the relationship between sCa and all-cause mortality
seemed to be U shaped. The optimal sCa cut-oft point,
2.35 mmol/L, was determined based on the shape of
restricted cubic splines (figure 4).

DISCUSSION

Our study revealed that sCa were an independent
predictor of the all-cause mortality risk in patients with
ACS. Furthermore, the study showed a U-shaped rela-
tionship between sCa and all-cause mortality, and main-
taining sCa at approximately 2.35 mmol/L at admission
could minimise the risk of mortality.

Evidence is inconsistent in the studies regarding the
relationship between sCa and outcomes in patients with
cardiac diseases. A few previous studies have assessed the
impact of sCa on short-term mortality in patients with
ACS. Lu et alreported that lower sCa were associated with
higher in-hospital mortality in patients with STEML'
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Hazard Ratio P value

Serum calcium (mmol/L)

<21 1.656 (1.162-2.362) —_— 0.005

2122 1.746 (1.243-2.452) —— 0.001

22-23 1.401 (1.001-1.960) ——s 0.049

2324 1.317 (0.926-1.873) I 0.126

2.4-2.5, reference

>2.5 2.040 (1.236-3.367) —_— 0.005
Age

< 65-year, reference

> 65-year 2.413 (1.991-2.925) —— < 0.001
sex

Male, reference

Female 0.931 (0.793-1.092) e 0.379
BMI, per kg/m? 0.941 (0.923-0.960) <0.001
Medical history

Myocardial infarction, reference: no ~ 1.141(0.924-1.410) l— 0.221

Prior PCI, reference: no 1.092 (0.893-1.335) ot 0.389

Prior CABG, reference: no 1.108 (0.773-1.590) l— 0.576

Hypertension, reference: no 0.986 (0.829-1.173) -+ 0.873

Diabetes, reference: no 1.127 (0.951-1.334) o 0.167
Current smoker, reference: no 1.124 (0.948-1.332) e 0.179
Diagnosis

UAP, reference

AMI 2.325 (1.957-2.761) —— <0.001
Systolic BP, per mmHg 1.004 (1.001-1.008) 0.010
Antiplatelet, reference: no 0.444 (0.357-0.552) s <0.001
ACEinhibitors, reference: no 0.882 (0.752-1.033) ! 0.120
Betablockers, reference: no 0.980 (0.836-1.148) -~ 0.802
Statins, reference: no 0.582 (0.481-0.705) roe < 0.001
PCI, reference: no 0.672 (0.572-0.789) ror <0.001
HbA1c, per % 1.079 (1.020-1.141) e 0.008
LDL-C, per mmol/L 0.893 (0.810-0.984) wof 0.022
eGFR1, per mL/min/1.73m? 0.979 (0.975-0.982) <0.001
EF

< 0.5, reference

>0.5 0.468 (0.394-0.556) - <0.001

T T
0 1 3 4
Lower risk Higher risk

Figure 3 Multivariate Cox proportional hazards models

for prediction of all-cause mortality among patients with
acute coronary syndrome. AMI, acute myocardial infarction;
BMI, body mass index; CABG, coronary artery bypass
grafting; EF, ejection fraction; eGFR, estimated glomerular

filtration rate; HbAlc, glycosylated haemoglobin; LDL-C, low
density lipoprotein cholesterol; PCI, percutaneous coronary
intervention; UAP, unstable angina pectoris.

Similarly, Yan et al evaluated the effectiveness of sCa in
increasing the predictive value of GRACE risk score in
patients with ACS and also showed that decreased base-
line sCa were an independent predictor of in-hospital
mortality."* Although higher sCa had not been shown to
impact outcomes in the above two studies, it had been
reported to be a significant predictor of in-hospital
mortality in another research done by Shiyovich et al."’

w

HR (95%Cl)

[N

18 19 20 21 22 23 24 25 26
Serum calcium (mmol/L)

Figure 4 Association between serum calcium levels and all-
cause mortality using restricted cubic splines.

Studies evaluating the relationship between sCa and
long-term outcomes are scarce. Chen et al reported that
lower baseline sCa were correlated with increased risk of
long-term all-cause and cardiovascular mortality among
patients with coronary heart disease, while higher sCa
were not."” One recent study showed an upward trend of
long-term mortality in patients with ACS with higher sCa;
however, there was no statistical difference reached.'” The
discrepancies among these studies could be attributed to
differences in the populations, the study sample size and
the length of follow-up. In this study, we analysed a total
of 13 975 patients with median follow-up period of 2.96
years and suggested that both lower and higher sCa were
associated with increased mortality, and the lowest risk
of mortality was associated with sCa, approximately 2.35
mmol/L. Our findings were consistent with the research
done by Shiyovich et al, showing a U-shaped association
between sCa and in-hospital mortality in patients with
acute myocardial infarction."”” However, our findings
extended the conclusion to patients with ACS, and we
evaluated the long-term outcomes.

About 50% calcium circulates in the blood as ionised
calcium, which is the biologically active form, with the
remainder circulating bound to plasma proteins or
complexed with anions. Since the total sCa are affected
by variations in the serum concentrations of albumin
which are frequently changed in the acutely ill patient
population, we used the values of ionised calcium that
were corrected for albumin levels for statistical analysis as
previous studies described.* " '” Several conditions may
disturb the calcium homeostasis and cause either hypocal-
cemia or hypercalcemia, including abnormal parathyroid
hormone secretion and renal dysfunction. The patients
with known renal failure or parathyroid disorder have
been excluded in our study. There are potential explana-
tions for the mechanisms accounting for the association
between abnormalities of sCa and increased mortality in
patients with ACS. First, abnormalities of sCa may cause
calcium disturbance in the cytoplasm of cardiomyocytes
and interfere with myocardial contraction function.”
Second, altered calcium homeostasis may lead to change
of platform depolarisation and cardiac action poten-
tial, causing increased arrhythmic risk.*’ Third, calcium
metabolism disorders may accelerate the formation of
atherosclerotic plaques and progression of coronary
artery calcification.”” In addition, the association of sCa
with all-cause mortality risk in our study does not demon-
strate causation. There is a possibility that abnormal
sCa are just a response to the more serious myocardial
damage, which should be responsible for the increased
mortality. The last but not the least, a relation of sCa with
mortality caused by non-cardiovascular diseases cannot
be excluded in the present study. Abnormalities of sCa
have been reported to be associated with stroke, cancer
and infection, which would also contribute to increased
mortality.®* **

From the multivariable analysis, compared with the
reference group (sCa 2.4-2.5 mmol/L), all the other
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groups had poor prognosis except for the 2.3-2.4 mmol/L
group. During the acute coronary event, impaired serum
calcium homeostasis in ACS patients was prevalent, with
more than half of the patients presenting with sCa <2.3
or>2.5 mmol/L. There have been conflicting results
about the correlation between dietary calcium intake and
cardiovascular risk among general patients.”” ** However,
the potential impacts of pharmacologic modulation of
calcium homeostasis in patients with ACS remain to be
further investigated.

Clinical implications: our study has confirmed that
altered serum calcium homeostasis at admission can
predict mortality in patients with ACS. A U-shaped rela-
tionship between sCa and all-cause mortality exists. Thus,
sCa should be routinely monitored in patients with ACS
and maintaining calcium homeostasis at admission might
improve the outcomes of patients with ACS.

Several limitations in our study should be taken into
account: (1) this was a retrospective observational study
from one single centre, (2) follow-up data were partially
collected by telephone interviews, which might cause
information bias, (3) we assessed sCa at only one point
in time. It is possible that the serial change of sCa may
provide other importantinformation regarding long-term
prognosis following ACS, (4) the association of sCa with
all-cause mortality risk does not demonstrate causation,
(5) based on this retrospective observational study, we
could not determine the exact optimal interval or cut-off
point of sCa. The interval and cut-off point of sCa might
change along with the change of sample size and other
unknown confounders. The exact optimal interval and
cut-off point of sCa need to be determined by additional
prospective studies.

CONCLUSIONS

Altered serum calcium homeostasis at admission inde-
pendently predicts all-cause mortality in patients with
ACS. In addition, a U-shaped relationship between sCa
and all-cause mortality exists, and maintaining sCa at
approximately 2.35 mmol/L may minimise the risk of
mortality.
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