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Original Article

Objectives: This study aimed to evaluate the potential interaction between kidney function and the non-linear association between 

serum calcium levels and cardiovascular disease (CVD) mortality.

Methods: This study included 8927 participants enrolled in the Dong-gu Study. Albumin-corrected calcium levels were used and cat-

egorized into 6 percentile categories: <2.5th, 2.5-25.0th, 25.0-50.0th, 50.0-75.0th, 75.0-97.5th, and >97.5th. Restricted cubic spline 

analysis was used to examine the non-linear association between calcium levels and CVD mortality. Cox proportional hazard regres-

sion was used to estimate hazard ratios (HRs) for CVD mortality according to serum calcium categories. All survival analyses were 

stratified by the estimated glomerular filtration rate.

Results: Over a follow-up period of 11.9±2.8 years, 1757 participants died, of whom 219 died from CVD. A U-shaped association be-

tween serum calcium and CVD mortality was found, and the association was more evident in the low kidney function group. Com-

pared to the 25.0-50.0th percentile group for serum calcium levels, both low and high serum calcium tended to be associated with 

CVD mortality (<2.5th: HR, 6.23; 95% confidence interval [CI], 1.16 to 33.56; >97.5th: HR, 2.56; 95% CI, 0.76 to 8.66) in the low kidney 

function group. In the normal kidney function group, a similar association was found between serum calcium levels and CVD mortali-

ty (<2.5th: HR, 1.37; 95% CI, 0.58 to 3.27; >97.5th: HR, 1.65; 95% CI, 0.70 to 3.93).

Conclusions: We found a non-linear association between serum calcium levels and CVD mortality, suggesting that calcium dysho-

meostasis may contribute to CVD mortality, and kidney function may modify the association.
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INTRODUCTION

Serum calcium is a crucial component for skeletal mineral-
ization and a critical factor for essential bodily functions, in-
cluding the coagulation pathway, muscle contraction, and 
neurological function [1]. Calcium dysregulation has various 
adverse health effects. Hypercalcemia may be associated with 
pathological processes, including vascular calcification and 
hypercoagulation, whereas hypocalcemia can adversely af-
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fect cardiac conduction and lead to heart failure and arrhyth-
mia [2].

Most previous studies have found serum calcium levels to 
be positively associated with cardiovascular events [3] and all-
cause mortality across the general population [1,3]. However, 
some studies have found that low levels of serum calcium are 
also associated with mortality related to certain medical con-
ditions, including myocardial infarction [4], coronavirus dis-
ease 2019 (COVID-19) [5], and trauma [6], while others found 
a U-shaped association among the Danish general population 
[7] and intensive care unit patients [8]. Some studies have also  
indicated a positive association between serum calcium levels 
and cardiovascular disease (CVD) events and CVD mortality. 
Despite these findings, there is still limited evidence regarding 
the association between serum calcium levels and CVD mor-
tality, and the shape of this association has not been suffi-
ciently investigated. Chronic kidney disease (CKD) alters min-
eral metabolism and can promote pathophysiological pro-
cesses of calcium dyshomeostasis, including vascular calcifica-
tion and arrhythmia [9,10]. Although various studies have 
linked both high and low serum calcium levels to mortality  
in patients with CKD [11-13], it remains unclear whether this 
association varies among individuals with and without CKD. 
Previous studies in Korea have primarily focused on the asso-
ciation between serum calcium levels and all-cause mortality 
among both the general population and those with specific 
medical conditions. However, no studies have investigated the 
association between serum calcium levels and CVD mortality.

This study aimed to investigate the non-linear association 
between serum calcium levels and CVD mortality among the 
Korean population. In addition, we examined various effect 
modifications on the association between serum calcium lev-
els and CVD mortality according to kidney function.

METHODS

Study Population
This study included participants from the Dong-gu Study, 

which was conducted from 2007 to 2010 and investigated risk 
factors for chronic diseases among a prospective cohort from 
the general population aged 50 years and above and in Gwangju, 
Korea [14]. Of the 9260 participants, 32 individuals with miss-
ing values for serum calcium or serum albumin levels and 301 
individuals with missing values for the covariates were exclud-
ed from the analyses. A total of 8927 participants who were 

followed up for a period of 11.86±2.82 years were included in 
the analysis.

Measurements
After overnight fasting, venous blood samples were obtained 

in the morning. Serum calcium levels and total cholesterol lev-
els were measured using an automatic analyzer (Hitachi-7600; 
Hitachi, Tokyo, Japan). According to our laboratory reference 
range, the reference range for the total serum calcium level 
was 8.4-10.2 mg/dL (2.1-2.6 mmol/L). In our population, the 
range between the 2.5th percentile to the 97.5th percentile 
for the total serum calcium level was 8.4-10.2 mg/dL. Serum 
calcium is usually bound to albumin, and measured serum cal-
cium levels may underestimate biologically active calcium lev-
els. Therefore, measured calcium levels were corrected using 
Payne’s formula:

Corrected calcium level, mg/dL=

total calcium level, mg/dL+0.8×[normal albumin level,  
4 g/dL - patient’s albumin level, g/dL] [15]

Data on demographics, education status, lifestyle, and dis-
ease history were obtained through questionnaires. Age was 
categorized into 3 groups: under 60 years, 60-75 years, and  
75 years or older [16]. Education level was categorized into  
2 groups: 9 years or more of formal education and less than  
9 years of formal education. Physical activity was defined as 
walking for at least 30 minutes per day and at least 5 times per 
week. Smoking status classifications were non-smoker, former 
smoker, and current smoker. Drinking status classifications in-
cluded non-drinker, former drinker, and current drinker. Dia-
betes and hypertension were defined as those who took med-
ications for diabetes and hypertension, respectively. Body mass 
index (BMI) was calculated using the participants’ measured 
heights and weights and categorized into 4 groups based on the 
World Health Organization classification system: <18.5 kg/m2 
(underweight), 18.5-24.9 kg/m2 (normal), 25.0-29.9 kg/m2 
(overweight), and >30.0 kg/m2 (obese). The 2012 CKD-Epide-
miology Collaboration Creatinine-Cystatin C equation was used 
to calculate the estimated glomerular filtration rate (eGFR) [17], 
which was categorized into 2 groups: eGFR ≥60 mL/min/1.73 m2 
(normal) and eGFR <60 mL/min/1.73 m2 (CKD stages 3-5).

Ascertainment of Death
Death was confirmed using death records from the National 

Statistical Office up to December 31, 2021. Data on dates and 
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causes of death were confirmed using death records, and the 
causes of death were coded according to International Classi-
fication of Diseases 10th revision (ICD-10) codes. Death from 
CVD falls under the ICD-10 codes I20-I25 and I60-I69. 

Statistical Analysis
Using the adjusted calcium levels, the participants were 

classified into 6 categories based on the following percentiles: 
<2.5th, 2.5-25.0th, 25.0-50.0th, 50.0-75.0th, 75.0-97.5th, and 
>97.5th. The baseline characteristics of the participants were 
presented as the mean±standard deviation or number (%). 

Based on the categorized calcium levels, the participants’ char-
acteristics were compared using analysis of variance (ANOVA) 
for continuous variables and the chi-square test for categorical 
variables. In addition, baseline characteristics according to kid-
ney function status were compared using the independent t-
test and the chi-square test. A restricted cubic spline with 4 
knots was used in the Cox proportional hazard model analyses 
to evaluate the non-linear associations between the corrected 
calcium levels, which were considered continuous variables, 
and all-cause and CVD mortality. Hazard ratios (HRs) for the 
corrected calcium levels were presented with reference calci-

Table 1. Baseline characteristics of the study population according to the serum calcium concentration-based categories

Characteristics <2.5th 
(<8.09 mg/dL)

2.5-25.0th 
(8.10-8.60 mg/dL)

25.0-50.0th 
(8.61-8.84 mg/dL)

50.0-75.0th 
(8.85-9.08 mg/dL)

75.0-97.5th 
(9.09-9.74 mg/dL)

>97.5th 
(>9.74 mg/dL) p-value1

Total 226 (2.5) 2074 (23.2) 2333 (26.1) 2089 (23.4) 1982 (22.2) 223 (2.5)

Corrected calcium (mg/dL) 7.76±0.31 8.44±0.13 8.73±0.07 8.96±0.07 9.31±0.17 10.03±0.35

Age (y) 65.90±8.11 64.47±8.02 64.90±7.96 64.98±8.16 66.10±8.45 66.22±8.52 <0.001

<60 63 (27.9) 647 (31.2) 661 (28.3) 638 (30.5) 517 (26.1) 61 (27.4) <0.001

60-75 133 (58.8) 1217 (58.7) 1423 (61.0) 1200 (57.4) 1149 (58.0) 126 (56.5)

≥75 30 (13.3) 210 (10.1) 249 (10.7) 251 (12.0) 316 (15.9) 36 (16.1)

Sex (female) 142 (62.8) 1100 (53.0) 1353 (58.0) 1315 (62.9) 1328 (67.0) 151 (67.7) <0.001

Education level (≥9 y) 116 (51.3) 1280 (61.7) 1358 (58.2) 1139 (54.5) 960 (48.4) 107 (48.0) <0.001

Physical activity (yes) 163 (72.1) 1378 (66.4) 1480 (63.4) 1309 (62.7) 1185 (59.8) 147 (65.9) <0.001

Smoking status <0.001

Non-smoker 157 (69.5) 1343 (64.8) 1568 (67.2) 1454 (69.6) 1440 (72.7) 154 (69.1)

Former smoker 48 (21.2) 498 (24.0) 510 (21.9) 403 (19.3) 341 (17.2) 50 (22.4)

Current smoker 21 (9.3) 233 (11.2) 255 (10.9) 232 (11.1) 201 (10.1) 19 (8.5)

Drinking status 0.009

Non-drinker 111 (49.1) 879 (42.4) 1042 (44.7) 910 (43.6) 969 (48.9) 107 (48.0)

Former drinker 17 (7.5) 186 (9.0) 214 (9.2) 191 (9.1) 174 (8.8) 21 (9.4)

Current drinker 98 (43.4) 1009 (48.6) 1077 (46.2) 988 (47.3) 839 (42.3) 95 (42.6)

BMI (kg/m2) <0.001

Underweight (<18.5) 10 (4.4) 41 (2.0) 46 (2.0) 29 (1.4) 51 (2.6) 7 (3.1)

Normal (18.5-24.9) 125 (55.3) 1251 (60.3) 1349 (57.8) 1185 (56.7) 1098 (55.4) 119 (53.4)

Overweight (25.0-29.9) 82 (36.3) 739 (35.6) 865 (37.1) 807 (38.6) 746 (37.6) 85 (38.1)

Obese (>30.0) 9 (4.0) 43 (2.1) 73 (3.1) 68 (3.3) 87 (4.4) 12 (5.4)

Diabetes mellitus 30 (13.3) 217 (10.5) 264 (11.3) 271 (13.0) 333 (16.8) 45 (20.2) <0.001

Hypertension 68 (30.1) 671 (32.4) 763 (32.7) 774 (37.1) 786 (39.7) 107 (48.0) <0.001

Total cholesterol (mg/dL) 196.96±38.28 196.33±38.83 200.09±38.78 203.46±39.90 204.71±41.96 206.39±40.97 <0.001

Total cholesterol ≥240 32 (14.2) 263 (12.7) 362 (15.5) 360 (17.2) 381 (19.2) 46 (20.6) <0.001

eGFR (mL/min/1.732 m2) 96.62±26.01 96.50±23.75 93.91±22.69 91.37±22.66 86.01±22.64 81.43±26.16 <0.001

Death (yes) 50 (22.1) 345 (16.6) 388 (16.6) 411 (19.7) 498 (25.1) 65 (29.1) <0.001

Cardiovascular mortality (yes) 8 (3.5) 40 (1.9) 44 (1.9) 45 (2.2) 71 (3.6) 11 (4.9) <0.001

Follow-up duration (y) 12.46±3.26 11.77±2.65 11.92±2.58 11.95±2.66 11.77±3.30 11.67±3.13 0.003

Values are presented as number (%) or mean±standard deviation; The SI units corresponding to the conventional values representing the range of each cat-
egory are: <2.02, 2.02-2.15, 2.15-2.21, 2.21-2.27, 2.27-2.44, >2.44.
BMI, body mass index; eGFR, estimated glomerular filtration rate.
1Analysis of variance for continuous variables or the chi-square test for categorical variables.
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um levels set at the lowest predicted risk for the outcome. The 
non-linearity of the restricted cubic spline models was tested 
by comparing the linear and non-linear models using ANOVA. 
The interaction between serum calcium levels and kidney 
function was tested by comparing the non-linear model with 
the interaction term and the non-linear model without the in-
teraction term. In addition, restricted cubic spline models de-
picting the association between serum calcium and all-cause 
and CVD mortality were fitted according to age, sex, BMI, hy-
pertension, and diabetes. The interaction between serum cal-
cium levels and each covariate was evaluated. To evaluate the 
association between the categorized calcium levels and all-
cause and CVD mortality, Cox proportional hazard regression 
analyses were performed after adjusting for age, sex, educa-
tion level, physical activity, smoking status, drinking status, 
BMI, hypertension, diabetes, and total cholesterol. In the Cox 
proportional regression model, the serum calcium level-based 
category with the lowest risk was selected as the reference 
group. Covariates were selected based on previous studies 
[18-21]. Statistical significance was considered to be indicated 
by a p-value of <0.05. All analyses were performed using R 
version 4.2.2 (R Foundation for Statistical Computing, Vienna, 
Austria).

Ethics Statement 
This study was approved by the Institutional Review Board 

of Chonnam National University Hospital (IRB No. I-2008-05-
056). Informed consent was obtained from all participants 
when they were enrolled in the baseline examination.

RESULTS

The baseline characteristics of the participants according to 
their calcium levels are presented in Table 1. Of the 8927 par-
ticipants, 1757 (19.7%) died during the study period, of which 
219 died from CVD. Participants in the 2.5-25.0th percentile for 
calcium levels tended to be younger and included a higher 
proportion of female, participants with more than 9 years of 
education, current smokers, current drinkers, participants with 
a normal BMI, participants with diabetes, and participants 
with hypertension compared to the other percentile groups. 
Participants with higher calcium levels tended to have higher 
total cholesterol levels. The proportion of participants who 
died overall and those who died from CVD were lowest among 
the participants in the 2.5-25.0th and 25.0-50.0th percentile 

groups. Moreover, the follow-up duration was longer for par-
ticipants with the lowest calcium levels than for participants in 
the other groups.

In Supplemental Material 1, the baseline characteristics of 
the study participants are presented according to kidney func-
tion. Specifically, of the 8927 total participants, 641 (7.2%) had 
impaired kidney function, with most at stage 3a (71.8%). The 
distribution of the eGFR was similar to that of a previous study 
of the Korean general population [22]. The impaired kidney 
function group had higher adjusted serum calcium levels, all-
cause mortality, and CVD mortality. Kidney function was asso-
ciated with age, education level, lifestyle factors, BMI, and co-
morbidities.

Figure 1 shows the non-linear association between adjusted 
calcium levels and CVD mortality according to kidney function. 
In both the impaired kidney function group and the normal 
kidney function group, there was a U-shaped association be-
tween serum calcium levels and CVD mortality, with low points 
of 8.73 mg/dL (2.18 mmol/L) and 8.67 mg/dL (2.17 mmol/L), 
respectively. These associations were more evident in the kid-
ney impairment group (p=0.043 for interaction), and the non-
linearity of these associations was significant only in the kidney 
impairment group (eGFR<60 mL/min/1.73 m2=0.028; eGFR 
≥60 mL/min/1.73 m2=0.349).

Figure 1. HRs of cardiovascular mortality according to ad-
justed serum calcium levels and kidney function status. Ref, 
reference value; HR, hazard ratio; eGFR, estimated glomerular 
filtration rate. HR were estimated using the restricted cubic 
spline model of 4 knots adjusted for age, sex, education level, 
physical activity, smoking status, drinking status, body mass 
index, comorbidities (diabetes, hypertension), and total cho-
lesterol. The rug plot represents the distribution of adjusted 
serum calcium levels.
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Table 2. Adjusted HRs for cardiovascular mortality according to adjusted serum calcium levels1

Variables
Total eGFR<60 mL/min/1.732 m2 eGFR≥60 mL/min/1.732 m2

n Death HR (95% CI) p-value n Death HR (95% CI) p-value n Death HR (95% CI) p-value

Serum calcium levels (by percentile)2

<2.5th 226 8 1.65 (0.77, 3.53) 0.194 10 2 6.23 (1.16, 33.56) 0.033 216 6 1.37 (0.58, 3.27) 0.476

2.5-25.0th 2074 40 1.06 (0.69, 1.63) 0.786 97 4 0.80 (0.22, 2.86) 0.727 1977 36 1.11 (0.70, 1.75) 0.667

25.0-50.0th 2333 44 1.00 (reference) 116 6 1.00 (reference) 2217 38 1.00 (reference)

50.0-75.0th 2089 45 1.06 (0.70, 1.06) 0.796 156 12 1.52 (0.57, 4.07) 0.406 1933 33 0.93 (0.58, 1.49) 0.763

75.0-97.5th 1982 71 1.56 (1.06, 2.28) 0.022 220 27 2.51 (1.03, 6.16) 0.044 1762 44 1.23 (0.80, 1.91) 0.348

>97.5th 223 11 2.26 (1.16, 4.40) 0.016 42 5 2.56 (0.76, 8.66) 0.129 181 6 1.65 (0.70, 3.93) 0.255

Age (y)

<60 2587 12 1.00 (reference) 46 1 1.00 (reference) 2541 11 1.00 (reference)

60-75 5248 113 3.64 (1.99, 6.65) <0.001 320 27 4.17 (0.54, 31.97) 0.170 4928 86 3.2 (1.69, 6.05) <0.001

≥75 1092 94 15.23 (8.20, 28.31) <0.001 275 28 6.43 (0.84, 49.21) 0.073 817 66 15.48 (8.00, 29.93) <0.001

Sex

Male 3538 100 1.00 (reference) 267 21 1.00 (reference) 3271 79 1.00 (reference)

Female 5389 119 0.60 (0.39, 0.92) 0.019 374 35 0.98 (0.38, 2.49) 0.963 5015 84 0.53 (0.33, 0.87) 0.011

Education level (y)

<9 3967 139 1.00 (reference) 373 38 1.00 (reference) 3594 101 1.00 (reference)

≥9 4960 80 0.53 (0.39, 0.72) <0.001 268 18 0.65 (0.33, 1.28) 0.213 4692 62 0.51 (0.36, 0.73) <0.001

Physical activity

No 365 102 1.00 (reference) 310 30 1.00 (reference) 2955 72 1.00 (reference)

Yes 5662 117 0.70 (0.53, 0.91) 0.009 331 26 0.93 (0.54, 1.61) 0.803 5331 91 0.71 (0.52, 0.97) 0.032

Smoking status

Non-smoker 6116 135 1.00 (reference) 396 35 1.00 (reference) 5720 100 1.00 (reference)

Former smoker 1850 63 1.25 (0.82, 1.88) 0.299 164 13 1.12 (0.48, 2.66) 0.789 1686 50 1.18 (0.74, 1.89) 0.490

Current smoker 961 21 0.99 (0.58, 1.70) 0.982 81 8 1.18 (0.46, 3.03) 0.733 880 13 0.77 (0.40, 1.50) 0.448

Drinking status

Non-drinker 4018 103 1.00 (reference) 357 30 1.00 (reference) 3661 73 1.00 (reference)

Former drinker 803 35 1.39 (0.93, 2.09) 0.109 88 11 2.11 (0.95, 4.70) 0.066 715 24 1.25 (0.77, 2.03) 0.367

Current drinker 4106 81 0.84 (0.60, 1.17) 0.298 196 15 1.29 (0.63, 2.62) 0.484 3910 66 0.84 (0.58, 1.23) 0.376

BMI

Underweight 184 6 1.14 (0.50, 2.61) 0.757 22 2 1.23 (0.26, 5.73) 0.793 162 4 1.08 (0.39, 2.95) 0.887

Normal 5127 141 1.00 (reference) 332 32 1.00 (reference) 4795 109 1.00 (reference)

Overweight 3324 69 0.73 (0.54, 0.97) 0.032 247 21 0.79 (0.45, 1.39) 0.417 3077 48 0.68 (0.48, 0.96) 0.027

Obese 292 3 0.31 (0.10, 0.97) 0.045 40 1 0.17 (0.02, 1.31) 0.090 252 2 0.34 (0.08, 1.38) 0.131

Diabetes

No 7767 174 1.00 (reference) 478 42 1.00 (reference) 7289 132 1.00 (reference)

Yes 1160 45 1.43 (1.02, 2.00) 0.036 163 14 1.02 (0.55, 1.90) 0.950 997 31 1.48 (0.99, 2.20) 0.058

Hypertension

No 5758 105 1.00 (reference) 239 17 1.00 (reference) 5519 88 1.00 (reference)

Yes 3169 114 1.49 (1.13, 1.97) 0.005 402 39 1.53 (0.84, 2.80) 0.167 2767 75 1.32 (0.95, 1.82) 0.095

Total cholesterol (mg/dL)

<240 7483 178 1.00 (reference) 528 42 1.00 (reference) 6955 136 1.00 (reference)

≥240 1444 41 1.26 (0.89, 1.79) 0.193 113 14 1.63 (0.87, 3.07) 0.129 1331 27 1.14 (0.75, 1.75) 0.538

HR, hazard ratio; CI, confidence interval; BMI, body mass index; eGFR, estimated glomerular filtration rate.
1Each model is adjusted for age, sex, education level, lifestyle factors (physical activity, smoking status, drinking, and body mass index), comorbidities (hyperten-
sion and diabetes), and total cholesterol level.
2p=0.370 for interaction.
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Supplemental Material 2 depicts the non-linear association 
between the adjusted calcium levels and overall mortality ac-
cording to kidney function. The association between serum 
calcium levels and overall mortality was U-shaped in the impaired 
kidney function group; however, the non-linearity in each 
kidney function group was not statistically significant (eGFR  
<60 mL/min/1.73 m2=0.288; eGFR ≥60 mL/min/1.73 m2=  
0.122). 

Supplemental Material 3 depicts the non-linear association 
between adjusted calcium levels and overall and CVD mortality 
according to the covariates (age, sex, BMI, hypertension, dia-
betes). The non-linear association between serum calcium and 
overall mortality was significant in participants under 75 years 
of age, female, and those with a BMI under 25 kg/m2. The non-
linear association between serum calcium levels and CVD mor-
tality was significant in participants under 75 years of age, 
male, those with a BMI under 25 kg/m2, and those without hy-
pertension. However, the interaction on the association ac-
cording to the covariates was not significant except with re-
gard to age.

Table 2 shows the association between the adjusted calcium 
levels and CVD mortality according to kidney function. The re-
sults from various models indicated a U-shaped association 
between calcium levels and CVD mortality. This association was 
more pronounced in individuals with reduced kidney function, 
although the statistical analysis did not identify a significant 
interaction in the categorical analysis (p=0.370 for interaction). 
Among the total population, the HRs for CVD mortality in the 
2.5th percentile or lower group and the 97.5th percentile or 
higher group were 1.65 (95% confidence interval [CI], 0.77 to 
3.53) and 2.26 (95% CI, 1.16 to 4.40), respectively, compared to 
the 25.0-50.0th percentile group. In the impaired kidney func-
tion group, the HR for CVD mortality in the 2.5th percentile or 
lower group was 6.23 (95% CI, 1.16 to 33.56), and the HR for 
CVD mortality in the 97.5th percentile or higher group was 
2.56 (95% CI, 0.76 to 8.66) compared to the 25.0-50.0th percen-
tile group. In the normal kidney function group, the HRs for 
CVD mortality in the 2.5th percentile or lower group and the 
97.5th percentile or higher group were 1.37 (95% CI, 0.58 to 
3.27) and 1.65 (95% CI, 0.70 to 3.93), respectively, compared to 
the 25.0-50.0th percentile group.

Supplemental Material 4 shows the association between 
adjusted calcium levels and overall mortality according to kid-
ney function. All models showed a U-shaped association be-
tween calcium levels and overall mortality, which tended to 

be stronger in groups with low kidney function, but the inter-
action was not statistically significant in this categorical analy-
sis (p=0.610 for interaction).

DISCUSSION

In this study, we observed a U-shaped relationship between 
serum calcium levels and CVD mortality among the general 
Korean population. We found that the lowest risk of CVD mor-
tality was associated with low-normal levels of serum calcium. 
This association was modified by kidney function, with a stron-
ger effect observed in individuals with reduced kidney function.

A previous study investigating the association between se-
rum calcium and CVD mortality across 2 general populations 
from the UK biobank and the US National Health and Nutrition 
Examination Survey found a U-shaped association in each co-
hort, showing similar results to those in our study [23]. How-
ever, there was limited evidence regarding the association be-
tween serum calcium levels and CVD mortality. Some studies 
of the general population have identified a non-linear associa-
tion between serum calcium levels and mortality. In a study of 
1 967 622 participants using data from the US Department of 
Veterans Affairs, serum calcium levels showed a U-shaped re-
lationship with all-cause mortality; furthermore, a higher mor-
tality rate was found among Black participants with low serum 
calcium levels than among White participants [24]. In a study 
of 20 512 subjects from the Copenhagen general practice sec-
tor, serum calcium levels showed a U-shaped association with 
all-cause mortality [7].

Previous studies have suggested that there are several path-
ways linking serum calcium levels to mortality, with most of 
the pathways involving the detrimental cardiovascular effects 
of high serum calcium levels. First, calcium regulates cell sig-
naling, including cell proliferation and the electrochemical 
gradient of excitable cells, including neuronal axons. In addi-
tion, perturbed calcium homeostasis can cause pathologic re-
sponses in calcium-regulated mechanisms, such as oxidative 
stress and neuronal dysfunction. Indeed, calcium dyshomeo-
stasis is associated with malignant disease [25], neurodegen-
erative disease [26], and the pathogenesis of obesity and dia-
betes [27]. Second, low or high serum calcium levels can dis-
rupt neuromuscular stability. Abnormal serum calcium levels 
can affect cardiomyocytes and conductive system functioning, 
which can lead to heart failure, QT prolongation or shortening, 
and arrhythmias, including atrial fibrillation [28]. Third, elevat-
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ed serum calcium concentrations alter the vascular microenvi-
ronment, thereby increasing intravascular plaque formation 
and mineral deposits [29].

Furthermore, the association between serum calcium levels 
and CVD mortality was more evident in the group with low 
kidney function than in the normal kidney function group. No 
previous study has evaluated whether serum calcium levels 
and mortality change according to kidney function. However, 
3 previous studies examining CKD patients have all reported a 
U-shaped association between serum calcium levels and mor-
tality. Among 107 200 patients on hemodialysis in the United 
States, the association between albumin-corrected serum cal-
cium levels and mortality showed a U-shaped association, with 
low points of 8.5-10.0 mg/dL [11]. Hemodialysis patients in the 
Dialysis Outcomes and Practice Patterns Study cohort showed 
a similar association, with low points at 8.5-10.0 mg/dL [12]. In 
patients with CKD who do not need dialysis, the time-aver-
aged serum calcium levels were found to have a U-shaped as-
sociation with mortality, with the lowest risk being found 
among those with serum calcium levels of 9.0-9.5 mg/dL se-
rum [13]. This finding may provide evidence for adverse health 
effects caused by high or low calcium levels that can be exac-
erbated by CKD. First, cardiac tissue is vulnerable to damage 
from conditions associated with CKD, which can lead to clini-
cal conditions that are susceptible to arrhythmia through vari-
ous pathways [9]. In addition, CKD patients are prone to ven-
tricular arrhythmias, and cardiac arrhythmias are the leading 
cause of death in dialysis patients [30]. CKD can also cause or 
promote vascular calcification through disturbances in bone 
metabolism, inflammation, and the increased burden of ad-
vanced glycation end products [10].

The present analysis found a non-linear association between 
serum calcium concentration and mortality, with the lowest 
risk of CVD mortality observed among those with low-normal 
serum calcium levels. However, most previous studies report-
ed that the full normal range of serum calcium levels was as-
sociated with the lowest risk of mortality [7,11-13,24]. A study 
comparing the association by race between serum calcium 
levels and overall mortality, coronary heart disease, and isch-
emic stroke found that the serum calcium levels with the low-
est risk of coronary heart disease were lower in White partici-
pants than in Black participants. Specifically, low-normal levels 
of serum calcium (8.5-8.8 mg/dL; 2.13-2.20 mmol/L) were as-
sociated with the lowest risk of coronary heart disease in Black 
participants and ischemic stroke in both races. These results 

suggest that the serum calcium levels with the lowest risk of 
various negative health outcomes may differ by race. There-
fore, the differences in serum calcium levels with the lowest 
risk in the present analysis may be attributed to differences in 
the study population and health outcomes. In addition, differ-
ences in measurements and analytic methods may have af-
fected the results.

There are several limitations to this study that should be 
considered. First, the analysis was conducted using observa-
tional data; therefore, the results should not be used to con-
strue a causal non-linear association between serum calcium 
levels and mortality. There may be unknown confounders as-
sociated with serum calcium levels and mortality. In the pres-
ent study, chronic disease and its related biomarkers and life-
style factors were adjusted. Second, the biologically active 
form of calcium—ionized serum calcium—was not measured; 
instead, albumin-corrected calcium levels were used in this 
analysis. Most biologically inactive calcium is albumin-bound, 
and albumin-corrected calcium levels usually reflect ionized 
serum calcium levels. Furthermore, the reproducibility of mea-
suring ionized calcium is less reliable than measuring total cal-
cium. Therefore, clinical guidelines recommend using adjusted 
calcium levels rather than ionized calcium levels for CKD pa-
tients [31,32].

In conclusion, the association between serum calcium levels 
and CVD mortality among the Korean general population is U-
shaped, and the non-linear association may be modified by 
kidney function. These findings suggest that both elevated 
and decreased serum calcium levels may be involved in the 
pathogenesis of CVD and that the association can be modified 
by kidney function. The present study underscores the impor-
tance of maintaining optimal serum calcium levels to prevent 
adverse health outcomes, including CVD, and considering kid-
ney function when evaluating the association between serum 
calcium levels and mortality in Korea. This comprehensive un-
derstanding could be used to improve preventive strategies 
and guide future research to further understand the complex 
interplay between serum calcium levels, kidney function, and 
cardiovascular health.
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