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Abstract
Background: The role of serum calcium in coronary artery disease (CAD) patients with or without first inci-
dent acute myocardial infarction has not been studied previously. This study aimed to assess the relationship
between serum calcium and first incident acute myocardial infarction.

Methods: This cross-sectional study was conducted from Jan 2014 to Dec 2016. All the participants were
from our database, described in detail elsewhere including 1609 cases and 3252 controls. Multiple logistic re-
gression was carried out to explore the effect of serum calcium on first incident acute myocardial infarction.
Interaction between serum calcium and risk factors were evaluated.

Results: Patients with first incident acute myocardial infarction have significantly lower serum calcium concen-
trations than those without acute myocardial infarction (2.18 (0.21) vs 2.24 (0.19) mmol/L, P<0.0001). After
adjusting for sex and age, logistic regression showed that serum calcium was significantly associated with first
incident acute myocardial infarction (odds ratio (OR): 1.50, 95% confidence interval (CI): 1.41-1.60). Further
adjusted for potential confounders, serum calcium was associated with first incident acute myocardial infarc-
tion (OR: 1.32, 95% CI: 1.22-1.42). Moreovert, the association still existed when patients were divided into sub-
groups according to gender and age. A significant interaction was found between serum calcium and diabetes
mellitus (DM), lipoprotein (a) (Lp (a)), and serum albumin.

Conclusion: Serum calcium was associated with first incident acute myocardial infarction among CAD pa-
tients in both sexes and in age categories. This study provides further evidence showing the value of serum
calcium levels in clinical practice.
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Introduction

Cardiovascular mortality has fallen dramatically in
developed countries during the past four decades
because of risk factors management and treat-
ment improvement (1). Despite good progress in
the management of patients with cardiovascular
disease, mortality has increased in last two dec-
ades in China (2). Cardiovascular disease contin-
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ues to be a leading cause of death (3). First inci-
dent acute myocardial infarction (AMI) was a se-
vere type of cardiovascular disease and was de-
fined as AMI diagnosed for the first time. Pa-
tients with first incident AMI among CAD pa-
tients have more cardiovascular risk factors (4).
Risk factors management has been the corner-
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stone for prevention and therapy of first incident
AML

Calcium, one of the most important cations,
plays a pivotal role in biological processes such as
cardiac contraction, blood pressure regulation,
and blood coagulation (5,6). Maintaining calcium
flux balance is particularly important for myocar-
dium (7). Hypocalcaemia is a common electrolyte
disturbance of critically ill patients, and it has
been shown to predict poor outcomes (8,9).
What is more, calcium intake decreased the inci-
dence of myocardial infarction (10,11). On the
other hand, high levels of serum calcium signifi-
cantly increased the risk of CAD, in particular
AMI (12). However, calcium intake within toler-
able upper intake levels of 2000 to 2500 mg/d
was not associated with cardiovascular disease in
generally healthy adults (13).

The relationship between serum calcium and
AMI continues to be controversial, which is con-
fusing for the physician and has restricted its ap-
plication in clinical practice. Although much
work has been done to determine the relationship
between them in Caucasian populations, few
studies have been conducted in Chinese popula-
tion. What is more, the effect of serum calcium
on first incident AMI has not been addressed. In
addition, previous studies did not consider the
potential presence of multicollinearity among co-
variates, which did not entirely exclude con-
founding factors. In this study, a well-designed
cross-sectional study was performed to assess the
role of serum calcium in CAD patients with or
without first incident AMI in our medical center.

Methods

The database and participants

This cross-sectional study was conducted from
Jan 2014 to Dec 2016. All the participants were
from our database, described in detail elsewhetre
(14).

The study was performed according to the Decla-
ration of Helsinki. Patients were informed of the
purpose and procedures of our study before giv-
ing their consent in written form.
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To reduce the confounding factors in the study,
patients with the following conditions were ex-
cluded: liver abnormality; kidney abnormality;
malignant tumor; acute infection; parathyroid
disease; thyroid abnormality; medical history in-
cluding taking vitamin D; bisphosphonate, or
diuretics within the past one month; the absence
of serum calcium.

First incident AMI was defined as AMI diag-
nosed for the first time according to the third
universal definition of myocardial infarction in
2012 without a history of AMI (15). CAD was
diagnosed largely according to the coronary angi-
ography (CAG) when the diameter stenosis was
>50% with at least one main coronary artery or
its major branch involved, or a history of revas-
cularization by percutaneous coronary interven-
tion or coronary artery bypass graft, or Angina
pectoris. Angina pectoris was defined as effort
substernal chest discomfort relieved by rest with
dynamic changes in electrocardiogram.

Laboratory analysis

Fasting (8h overnight) blood samples were col-
lected on the second day morning after admis-
sion. Reagents for measuring calcium, sodium,
potassium, phosphate, albumin, creatinine, low-
density lipoprotein cholesterol (LDL-C), high-
density  lipoprotein  cholesterol ~ (HDL-C),
apolipoprotein A (apo A), apolipoprotein (apo
B), lipoprotein (a) (Lp (a)), total triglyceride (TG)
and total cholesterol (TC) were obtained from
Sekisui Diagnostic Ltd. An Olympus AU5400
analyzer was used to measure the biochemical
markers. Calibrator and control reagents were
performed according to the laboratory’s proto-
cols.

Statistical analysis

The Kolmogorov-Smirnov test was performed to
analyze normality of continuous variables. As all
the data failed to conform to a normal distribu-
tion, continuous variables were expressed as the
median (interquartile range) (IQR). The Mann-
Whitney U test was used to compare continuous
variables. Categorical variables were shown as
frequencies and percentages. To analyze these
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kinds of wvariables, the likelihood-ratio Chi-
squared test was applied.

The categorization of serum calcium was per-
formed based on the whole sample population.
The serum calcium levels were divided into fifths
and incorporated into regression models. The
serum calcium levels of Quintile 1 (Q1)-Q5 were
2.34-2.95, 2.26-2.34, 2.18-2.26, 2.1-2.18, and 1.4-
2.1 mmol/L. Q1 was used as a reference. The
odds ratio (OR) for Q2, Q3, Q4, and Q5 were
analyzed to compare to the reference.

Logistic regression models were performed
among CAD patients with or without first inci-
dent AMI. Model 1: crude OR, no risk factors
were adjusted. Model 2: partially adjusted OR for
risk factors including age and sex. Model 3: fully
adjusted OR for risk factors including age, sex,
smoking, drinking, primary hypertension (PH),
diabetes mellitus (DM), body mass index (BMI),
ischemic stroke (IS-stroke), hemorrhagic stroke
(HE-stroke), LDL-C, HDL-C, Lp (a), TG, serum
albumin, and phosphate. Partially and fully ad-
justed models did not adjust sex in the subgroups
divided by gender and did not adjust age in sub-
groups based on age. Multicollinearity was per-
formed to quantify the potential confounding

Patients with coronary artery disease
N=6124

[ Assessed for eligibi Illy]

covariates. As a common rule, a variance inflation
factor (VIF) >5 was considered for the presence
of multicollinearity. Therefore, Apo Al/B ratio,
Apo A, Apo B, and TC values were removed.
The interaction of serum calcium with other risk
factors was examined by including 2 factor inter-
action terms between serum calcium on a contin-
uous scale and other examined risk factors, one at
a time, in the fully adjusted logistical regression
model. I-squared was measured to quantify het-
erogeneity between stratifications.

All graphs were completed with STATA 14.0 and
Hlustrator CC. The final data were analyzed with
STATA 14.0. P<0.05, which is two-sided, was
considered to be statistically significant.

Results

There were 6,124 patients available for potential
analysis, of which 555 were excluded due to the
presence of the diseases described in the meth-
ods, 201 due to the medications described above,
495 due to repeat hospitalizations, and 12 due to
the lack of serum calcium examination. Details
are shown in the flow chart in Fig. 1.

\.

( Patients eliminated ( Total SSSm
With hiver abnormality

With kidney abnormality

With malignancy tumors

With acute infection

With parathyroid discase

With thyroid abnormality J

r Medical history including vitamin

D, the bisphosphonate, and diuretics
within the past one month

\_ (Total=201) i

[

With no serum calcium exams ( Total=12)

Repeated hospitalizations ( Total =495) ]

Data for final analysis:
4861 Patients with
coronary artery disease

Fig. 1: Flow chart of patient selection
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Characteristics of the population incident AMI. A summary of the clinical charac-
This study included 1,609 patients with first inci- teristics of the population is shown in Table 1.
dent AMI and 3,252 CAD patients without first

Table 1: Demographic characteristics

Variables All With AMIT Without AMI ~ P- value
N (n=4861) (n=1609) (n=3252)

Men (n, %) 3696(76.03) 1320(82.04) 2376(73.06) <0.001
Age (y1)* 65(15) 62(19) 66(14) <0.001
BMI (Kg/m?) 24.5(3.8) 24.6(3.7) 24.5(3.8) 0.452
Vital signs

SBP (mmHg)* 130(20) 124(29) 130(20) <0.001
DBP (mmHg)* 78(15) 78(16) 78(13) 0.386
HR (bpm) = 72(16) 76(20) 70(15) <0.001
Life sytles(n, %)

Smoking <0.001
Never 2242(46.12) 544(33.81) 1698(52.21)

Past smoking 779(16.03) 178(11.06) 601(18.48)

Current smoking 1840(37.85) 887(55.13) 953(29.31)

Alcohol intake (n, %) <0.001
Never 2863(58.90) 809(50.28) 2054(63.16)

Past drinking 69(1.42) 14(0.87) 55(1.69)

Current drinking 1929(39.68) 786(48.85) 1143(35.15)

Past history (n, %)

Is-stroke 327(6073) 83(5.16) 244(7.50) 0.002
He-stroke 14(0.87) 15(0.46) 0.09
PH 3211(66.06) 949(58.98) 2262(69.56) <0.001
DM 1230(25.30) 385(23.93) 845(25.98) 0.121
Blood analysis

TC (mmol/L)= 3.9(1.43) 4.29(1.35) 3.71(1.39) <0.001
TG (mmol/L) 2 1.31(0.95) 1.36(0.98) 1.29(0.93) <0.001
Lp(a) (mg/L)= 120(227.15) 123(215.4) 118(233.9) 0.232
ApoA (g/L)» 1.24(0.29) 1.2(0.27) 1.26(0.31) <0.001
ApoB (g/L)= 0.82(0.38) 0.92(0.35) 0.76(0.36) <0.001
ApoAl/B= 1.5(0.8) 1.3(0.6) 1.6(0.8) <0.001
HDL-C (mmol/L)= 1.07(0.34) 1.07(0.33) 1.07(0.34) 0.943
LDL-C (mmol/L)* 2.31(1.22) 2.67(1.15) 2.1(1.16) <0.001
Serum albumin (g/L) 2 40.6(5) 40(5.3) 41(4.7) <0.001
Creatinine (umol/L) 2 72(22) 72(21.2) 72.3(22) 0.415
Serum sodium (mmol/1) 2 142(1.4) 141.3(3.7) 142.7(3) <0.001
Serum potassium (mmol/1) 2 3.9(0.43) 3.9(0.4) 3.9(0.46) 0.569
Serum phosphate (mmol/1) 2 1.05(0.27) 1.15(0.28) 1.1(0.25) <0.001
Serum calcium (mmol/L) 2 2.22(0.2) 2.18(0.21) 2.24(0.19) <0.001
Medications (n, %)

Aspirin 4116(84.67) 1449(90.06) 2667(82.01) <0.001
Clopidogrel 3346(68.83) 1448(90) 1898(58.36) <0.001
ACEI/ARB 3683(75.77) 1078(67) 2605(80.1) <0.001
Beta-blockers 3515(72.31) 1239(77) 2276(70) <0.001
CCB 922(18.97) 109(6.77) 813(25) <0.001
Nitrates 1521(31.29) 269(16.72) 1252(38.5) <0.001
Statins 4331(89.1) 1453(90.3) 2878(88.5) 0.055

AMI: acute myocardial infarction, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate, IS-
stroke: ischemic stroke, HE-stroke: hemorrhagic stroke, PH: primary hypertension, DM: diabetes mellitus, TC: total cholesterol, TG: Triglycer-
ides, Lp (a): Lipoprotein (a), Apo A: Apolipoprotein A, Apo B: Apolipoprotein B, LDL-C: Low-density lipoprotein cholesterol, HDL-C: High-
density lipoprotein cholesterol, ACEI/ARB: Angiotensin converting enzyme inhibitor/angiotensin 2 receptor inhibitor, CCB: Calcium channel
blocker. Values are medians (interquartile range) or numbers (percentage).
Categorical variables were compared with y2 test.

a Data with skewed distribution are shown as median (IQR). Mann-Whitney U test was performed
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The female patients were less prone to AMI
(17.96%). The average age of the whole sample
population was 65 yr old. The two groups pre-
sented a similar BMI. CAD patients with first
incident AMI showed a higher percentage of cur-
rent smoking (55.13% vs 29.31%, P<0.001) and
current drinking (48.85% vs 35.15%, P<0.001)
compared with those without first incident AMI.
CAD patients without first incident AMI showed
a greater prevalence for both IS-stroke and pri-
mary hypertension. Participants with AMI exhib-
ited higher levels of TC, TG, Apo B, LDL-C, and
phosphate but lower levels of Apo A, Apo A1/B,
serum albumin, and sodium. A significant statisti-
cal difference in serum calcium (2.18 (0.21) vs
2.24 (0.19) mmol/L, P<0.001) was obsetrved. Pa-
tients with first incident AMI were more likely to

be treated with aspirin, clopidogrel, beta-
blockers, and statins.

Association between serum calcium levels
and first incident AMI on a continuous scale

The mean of serum calcium was 2.22 mmol/L,
and the IQR was 0.2 mmol/L. On a continuous
scale, multiple logistic regression models showed
that a 1 standard deviation (SD) (-0.15 mmol/L)
decrease of serum calcium levels was associated
with a crude adjusted OR of 1.45, 95% CI (1.36-
1.54), a partially adjusted OR of 1.50, 95% CI
(1.41-1.60) and a fully adjusted OR of 1.32, 95%
CI (1.22-1.42) for first incident AMI in all pa-
tients. Slightly enhanced results were showed in
women. Similar, but decreased results were dis-
played in men (Table 2).

Table 2: OR of per 0.15 mmol/L lower serum calcium levels for first incident AMI

Men Women

Total

OR (95%CI) P values

OR (95%CI) P values

OR (95%CI) P values

Model 1 1.40 (1.31-1.50)  P<0.0001 1.58 (1.37-1.83)  P<0.0001 145 (1.36-1.54)  P<0.0001
Model 2 1.50 (1.39-1.61)  P<0.0001 1.57 (1.36-1.81)  P<0.0001 1.50 (1.41-1.60)  P<0.0001
Model 3 1.30 (1.20-1.42)  P<0.0001 138 (1.17-1.62)  P<0.0001 132 (1.22-1.42)  P<0.0001

Model 1: Crude
Model 2: adjusted for age and sex

Model 3: adjusted for age, sex, drinking, smoking, primary PH, DM, BMI, IS-stroke, HE-stroke, LDL-C, HDL-C,

Lp(a), TG, serum albumin, and phosphate

Association between serum calcium levels
and first incident AMI on a categorical scale,
grouped by sex

Serum calcium concentrations were divided into
fifths (Q1-Q5: 2.34-2.95, 2.26-2.34, 2.18-2.20,
2.1-2.18, and 1.4-2.1 mmol/L). Crude, partially
and fully adjusted logistic regression models
showed that the percentage of first incident AMI
increased, as serum calcium concentrations in-
creased across its Quintiles. With increasing quin-
tiles, fully adjusted OR for first incident AMI
were 1.38, 95% CI (1.06-1.80) for Q2 (Q1 as ref-
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erence), 1.3 (1.00-1.68) for Q3, 1.58 (1.20-2.09)
for Q4, and 2.23 (1.71-2.91) for Q5 in men; the
equivalents in women were 1.22 (0.75-1.96), 1.10
(0.7-1.75), 1.29 (0.78-2.15), and 2.52 (1.54-4.14);
and 1.32 (1.05-1.606), 1.25 (1.00-1.56), 1.50 (1.18-
1.91), and 2.27 (1.8-2.80) in total. Interestingly,
OR showed statistically significant difference in
Q2-Q5 in crude, partially, and fully adjusted
models. Even after adjusting for the potential
confounding covariates, the tendency persisted
with an OR of 2.27 in Q5 (Fig. 2).
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Fig. 2: On a category scale, crude, partially and fully adjusted OR for first incident AMI among CAD patients,
grouped by sex. Q1 (as reference), Q2, Q3, Q4, and Q5 represent increased quintile of serum calcium concentra-
tions. Black dots represent point estimates, and error bars, 95% confidence intervals. P values are for trend test

Association between serum calcium levels
and first incident AMI on a categorical scale,
grouped by age

Fully adjusted logistic regression models showed
that lower calcium concentration increased first
incident AMI at different ages in total. With in-
creasing quintiles, fully adjusted OR for first inci-
dent AMI were 1.87 (95% CI, 1.29-2.7) for Q2
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(reference to Q1), 1.63 (1.13-2.36) for Q3, 1.66
(1.11-2.49) for Q4, and 2.41 (1.62-3.59) for Q5
in patients younger than 60 yr old; the equiva-
lents were 0.81 (0.53—1.23), 1.02 (0.70-1.50), 1.40
(0.92-2.15), and 1.91 (1.27-2.806) in patients be-
tween 60-70 yr old, and 1.46 (0.91-2.34), 1.18
(0.75-1.86), 1.51 (0.95-2.42), and 2.55 (1.62—
4.00) in patients older than 70 yr old (Fig. 3).
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Fig. 3: On a category scale, crude, partially and fully adjusted OR for first incident AMI among CAD patients,
grouped by age. Q1 (as reference), Q2, Q3, Q4, and Q5 represent increased quintile of serum calcium concentra-
tions. Black dots represent point estimates, and error bars, 95% confidence intervals. P values are for trend test

Risks of first incident AMI per 0.15 decrease cluded into the fully adjusted model. A significant
of serum calcium levels interaction was found between hypocalcemia and
Risk factors were stratified by characteristics, di- DM, serum albumin, and Lp (a) on the risk of
chotomously, trichotomous or medially and in- first incident AMI (Fig. 4).
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Fig. 4: On a continuous scale, fully adjusted OR of per 1SD (0.15 mmol/L) lower serum calcium concentrations for
first incident AMI among CAD patients, grouped by characteristic stratification, dichotomously, trichotomous or
medially. Black dots represent point estimates, and error bars, 95% confidence intervals. P values are for the interac-

Discussion

This is a cross-sectional study including 4861 pa-
tients showing that low serum calcium levels
were associated with increased first incident AMI.
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tion

The main finding of this study is that serum cal-
cium concentrations were significantly decreased
in patients with newly diagnosed AMI. The OR
of having first incident AMI gradually increased
following the increasing quintiles of serum calci-
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um. Further, the results were only marginally at-
tenuated after fully adjustment for potential con-
founding factors. DM, Lp(a), and serum albumin
could modify the risk of serum calcium concen-
trations for first incident AMI. Collectively, se-
rum calcium might be a risk factor associated
with the development of first incident AMI.

Information regarding the role of serum calcium
levels in AMI remains controversial. The associa-
tion between serum calcium and first incident
AMI in patients grouped by age and sex has not
been reported. What is more, there is no related
study showing the relationship among CAD pa-
tients in Chinese Han population. In our study,
compared to patients without first incident AMI,
serum calcium was significantly decreased in pa-
tients with first incident AMI. Figure 2 showed
that the OR for the female participants varies
largely, especially at low serum calcium concen-
trations, as the female participants were less
prone to first incident AMI. The OR for Q2-Q5
had statistic difference in men and total. Fully
adjusted logistic regression results showed that
participants in the Q5 of serum calcium increased
approximately 2.3-fold possibility to suffer from
first incident AMI. AMI patients had lower se-
rum calcium levels than patients without AMI in
a single medical center (4). Multiple logistic re-
gression analysis revealed that serum calcium was
one of the independent factors that correlated
with AMI. Our results were consistent with pre-
vious findings. However, the study did not per-
form multiple logistic regression analysis in dif-
ferent concentrations of serum calcium in sub-
groups. Our results were also similar to parts of
results from the Tromso study, although serum
calcium levels were higher in men with a history
of AMI. The Tromso study revealed the relation-
ship between serum calcium and history of AMI
but not AMI, which may account for the differ-
ent results (16). The relationship between low
serum calcium levels and first incident AMI was
further detected in patients grouped by sex and
age after full adjustment. It is not surprisingly
that OR for female patients in different age cate-
gories varied obviously and did not reach statisti-
cally significant difference except for patients
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older than 70 yr, because female patients were
ever less. Despite the OR attenuated significantly
when patients grouped by age, however, lower
serum calcium would increase the first incident
AMI. Few studies have focused on the interac-
tion effects. Our results also demonstrated that
DM, Lp (a), and serum albumin may modify the
risk of serum calcium levels for AMI. Other stud-
ies also confirmed these results (17-19).

To the best of our knowledge, there are three
primary forms of calcium in serum. Approxi-
mately 50% of serum calcium exists in the free or
ionized form, which regulates cell function and
systems physiology, about 40% binds to albumin,
which reflects the serum albumin levels, and the
remaining 10% is bound to anions such as phos-
phate, bicarbonate, and lactate (20). Although
low serum calcium concentrations might increase
first incident AMI, the mechanisms remain un-
clear. Possible mechanisms were described in de-
tail. Serum calcium tightly tied to cardiovascular
risk factors. First of all, the serum calcium con-
centrations of the hypertensive group were lower
than that of the normotensive group in older
men in East China (21). Serum calcium partici-
pates in vascular smooth muscle cell contractility
and inhibits renin sectretion, which mediates
blood pressure. High serum calcium has a protec-
tive function in hypertension. Secondly, Serum
calcium interfered with lipid absorption through
binding to bile acids and fatty acid. Calcium sup-
plementation was increased HDL cholesterol lev-
els and decreased LDL cholesterol levels at
meanwhile (22). Lastly, dietary calcium from dairy
foods could decrease the accumulation of body
fat, which decreased the prevalence of DM (18).
The presence of classical independent risk fac-
tors, such as Lp (a) (14), hypertension, DM,
smoking, and hyperlipidemia, increases the inci-
dence of AMI (4).

Despite relatively comprehensive clinical data
collection and consecutive patient recruitment,
our study still has some limitations. Firstly, this
study did not measure ionized calcium, which is
the physiological fraction of calcium. Some stud-
ies have used serum albumin to correct serum
calcium, but there is no clear consensus (23-25).
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As serum albumin was also included in the fully
adjusted logistic regression model in this study,
the interference of the serum albumin on serum
calcium could be eliminated. Secondly, calcium
metabolism is extremely complex and is affected
by many factors. Although diuretics were exclud-
ed from further analysis and adjustments of other
markers were selected carefully, it remains possi-
ble that other factors may involve in the in-
creased incidence of first incident AMI. Last but
not least, this is a single-center cross-sectional
study and recruited exclusively from a Chinese
Han population. To validate these results, clinical
trials should be further performed in other ethnic
groups.

Conclusion

Lower serum calcium levels are associated with a
greater risk of first incident AMI both in age and
sex categories. It still remains unclear how or
when to intervene in conditions of low serum
calcium to minimize first incident AMI risk
among CAD patients.
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