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Abstract: Serum calcium and phosphate levels are controlled by a regulatory system, but their
individual concentration tendencies and interactions may affect long-term vascular health. This
study aimed to assess the effects of serum calcium and phosphate levels on incident ischemic heart
disease (IHD) in a large-scale community-dwelling Korean cohort. We evaluated 15,259 non-diabetic
individuals (median age, 45 years; range, 30–85) without previous IHD or ischemic stroke using the
Korean National Health Insurance data. The study population was classified based on the calcium,
phosphate, and calcium/phosphate ratios. Using Cox proportional hazards regression models,
we estimated hazard ratios (HRs) with 95% confidence intervals (CIs) for IHD over 50 months
after baseline enrolment. The age- and sex-adjusted incidence of IHD gradually increased with
serum calcium and phosphate quartiles and decreased with calcium/phosphate ratio quartiles,
with an overall crude rate of 2.1% (315/15,259). After setting the lowest calcium, phosphate, and
calcium/phosphate ratio quartiles as a reference group, the HRs (95% CIs) of the highest calcium,
phosphate, and calcium/phosphate ratio quartiles for IHD were 1.77 (1.15–2.72), 1.73 (1.18–2.55), and
0.58 (0.39–0.87), respectively, after adjusting for potential confounding variables. Serum calcium and
phosphate levels were positively associated with IHD incidence, while the serum calcium/phosphate
ratio exhibited an inverse relationship. Serum calcium and phosphate homeostasis may merit serious
consideration to understand the pathogenesis of coronary atherosclerosis as a risk modifier for IHD.

Keywords: serum calcium; serum phosphate; calcium-to-phosphate ratio; cohort study; incident
ischemic heart disease

1. Introduction

The relationship between minerals and cardiovascular disease (CVD) has increasingly
important clinical implications. In particular, it is worth noting that calcium, phosphate,
and their interactions may be causative factors and biomarkers for CVDs, providing another
therapeutic option.

As a ubiquitous divalent cation in the body, calcium plays a role in blood coagulation,
muscle contraction, and bone mineralization [1]. Serum calcium levels are mainly controlled
by the balance of calcitonin and parathyroid hormone (PTH), which may be influenced by
lifestyle factors [2]. In addition, calcium supplementation can be beneficial for bone health
in children, older adults, and postmenopausal women [3]. However, there is also increasing
concern regarding the possible link between serum calcium levels and cardiovascular
events [4,5].

Phosphorus, the second most abundant mineral, is physiologically crucial for bone
health, vascular function, energy production, and intracellular signaling [6]. In patients
with chronic kidney disease, hyperphosphatemia is recognized as a significant cause of
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CVDs such as hypertension, atherosclerosis, and coronary or valvular calcification [7–9].
Recent data from the general population indicate that higher circulating phosphate levels
within the normal range are associated with CVD morbidity and mortality [10].

The regulatory system in blood maintains calcium and phosphate levels under strict
control through intestinal absorption, skeletal flux, and renal excretion, but various factors
such as aging, dietary pattern, and daily activity may affect serum calcium and phosphate
concentrations and their interactions over the course of one’s life [2,11–13]. This study
aimed to investigate the longitudinal effects of serum calcium and phosphate levels and
their ratio on incident ischemic heart disease (IHD) in a large-scale community-dwelling
Korean cohort using National Health Insurance Service data.

2. Materials and Methods
2.1. Study Participants

The present research is based on the Health Risk Assessment Study (HERAS) and Ko-
rea Health Insurance Review and Assessment Service (HIRA) datasets, which aimed to ex-
plore and characterize cardiovascular risk factors among Koreans without diabetes [14,15].
The cohort consisted of 20,530 subjects who voluntarily underwent medical examinations
at Yonsei University Gangnam Severance Hospital between November 2006 and June 2010
(Figure 1). We excluded 1590 participants who had previously been diagnosed with IHD
or ischemic stroke, a previous diagnosis of type 2 diabetes, or a fasting plasma glucose
level ≥ 126 mg/dL. In addition, patients who met at least one of the following criteria were
excluded: age < 30 years, missing data, current use of aspirin, serum calcium concentration
greater than 10.5 mg/dL or less than 8.5 mg/dL (to rule out calcium homeostasis disorders),
or high-sensitivity C-reactive protein (hsCRP) concentration greater than 5.0 mg/L (to rule
out acute inflammatory disorders) (n = 3681). Consequently, 15,259 individuals (7970 men
and 7289 women) were included in the final analysis. This study was conducted according
to the ethical principles of the Declaration of Helsinki and was approved by the institutional
review board of Yonsei University Gangnam Severance Hospital, Seoul, Korea.
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2.2. Data Collection

Each participant completed a questionnaire describing their health behaviors, medical
history, and any ongoing treatments for the disease. The smoking status was classified as
never smoker, ex-smoker, or current smoker. A regular alcohol drinker was defined as a
person who consumed more than 140 g of alcohol per week. Regular exercise was defined
as moderate physical activity three or more times per week. Bodyweight and height were
measured in light indoor clothing and no shoes to the nearest 0.1 kg and 0.1 cm, respectively.
The body mass index (BMI) was calculated as weight divided by height squared (kg/m2).
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured using a
standard mercury sphygmomanometer (Baumanometer, W.A. Baum Co Inc., Copiague,
NY, USA), with arms supported at the heart level in the sitting position after 10 min of
rest. After 12 h overnight fasting, blood samples were collected from the antecubital vein.
Total calcium and inorganic phosphate were measured using a Hitachi 7600-110 Chemistry
Autoanalyzer (Hitachi, Tokyo, Japan). Hypertension was defined as SBP ≥ 140 mmHg,
DBP ≥ 90 mmHg, or current hypertension medication use. The metabolic score for insulin
resistance (METS-IR), a non-insulin-based marker for cardiometabolic risk assessment,
was calculated as follows: ln ((2× fasting plasma glucose) + triglyceride) × BMI)/(ln
(HDL cholesterol)) [16]. The estimated glomerular filtration rate (eGFR) was calculated
using the Modification of Diet in Renal Disease (MDRD) study formula: 186.3 × (serum
creatinine-1.154) × (age-0.203) × 0.742 (if female). Chronic kidney disease (CKD) was
defined by an eGFR value <60 mL/min/1.73 m2 and/or proteinuria [17].

2.3. Exposures and Outcomes

The primary outcome was IHD, which consisted of angina pectoris diagnosed based
on ICD-10 code I20 or acute myocardial infarction based on ICD-10 code I21 that occurred
after enrolment in the study. To define baseline and study outcomes, we linked a per-
sonal 13-digit identification number assigned to each participant by the HIRA between
1 November 2006 and 31 December 2010.

2.4. Statistical Analysis

Serum calcium levels were categorized into quartiles as follows: Q1, 8.50–8.90 mg/dL;
Q2, 8.91–9.10 mg/dL; Q3, 9.11–9.40 mg/dL; and Q4, 9.41–10.50 mg/dL. Serum phosphate
levels were categorized into quartiles as follows: Q1, ≤3.40 mg/dL; Q2, 3.41–3.70 mg/dL;
Q3, 3.71–4.40 mg/dL; and Q4, ≥ 4.41 mg/dL. Serum calcium-to-phosphate ratios were
categorized into quartiles as follows: Q1, ≤2.07; Q2, 2.08–2.46; Q3, 2.47–2.73; and Q4, ≥2.74.
All data are presented as mean ± standard deviation or percentage. The baseline char-
acteristics of the study population were compared according to the serum calcium and
phosphate quartiles using an analysis of variance (ANOVA) model for continuous variables
and Pearson’s chi-squared test for categorical variables. Using Kaplan–Meier curves, we
assessed the cumulative incidence of IHD with the log-rank test to determine whether the
distribution of cumulative IHD incidence differed among the groups. In the multivari-
ate analysis, after setting the lowest calcium value quartile as a reference group, hazard
ratios (HRs) and 95% confidence intervals (CIs) for incident IHD were calculated using
the Cox proportional hazards regression model after adjusting for potential confounding
variables. Similarly, we performed a statistical analysis for serum phosphate and calcium-
to-phosphate ratio. Furthermore, we evaluated the correlation of calcium, phosphate, and
their ratio with increasing age and survival curves after adjusting for age and sex. All
analyses were performed using SAS version 9.4 software (SAS Institute Inc., Cary, NC,
USA). Statistical significance was determined at p <0.05, with all tests being two-sided.

3. Results
3.1. Demographic and Biochemical Characteristics

Tables 1 and 2 show the baseline characteristics of the study population (n = 15,259;
7970 men and 7289 women) based on the serum calcium and phosphate quartiles. The mean
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age, BMI, and serum calcium and phosphate levels were 46.0 ± 9.5 years, 23.4 ± 3.0 kg/m2,
and 9.14 ± 0.35 and 4.03 ± 0.98 mg/dL, respectively. The mean age was highest in the
group with the lowest calcium and highest phosphate quartiles.

Table 1. Baseline characteristics of the study population according to serum calcium quartiles.

Quartile of Serum Calcium

Q1
n = 4785

Q2
n = 3243

Q3
n = 4247

Q4
n = 2984 p-Value 1 Post hoc 2

Serum calcium (mg/dL) ≤8.90 8.91–9.10 9.11–9.40 ≥9.41
Age (years) 46.9 ± 9.5 46.1 ± 9.5 45.7 ± 9.4 45.0 ± 9.4 <0.001 a,b,c,e,f

Male sex (%) 39.2 50.0 58.1 67.3 <0.001 -
Body mass index (kg/m2) 23.0 ± 2.9 23.2 ± 2.9 23.5 ± 2.9 24.0 ± 3.1 <0.001 a,b,c,d,e,f

Systolic blood pressure
(mmHg) 119.3 ± 15.2 121.3 ± 15.5 123.2 ± 14.9 126.4 ± 15.6 <0.001 a,b,c,d,e,f

Diastolic blood pressure
(mmHg) 74.5 ± 9.9 75.9 ± 10.1 77.1 ± 9.7 79.1 ± 10.0 <0.001 a,b,c,d,e,f

Fasting plasma glucose
(mg/dL) 90.7 ± 9.7 91.2 ± 9.7 91.7 ± 9.8 92.6 ± 9.8 <0.001 b,c,e,f

Total cholesterol (mg/dL) 186.3 ± 32.3 188.4 ± 31.9 192.5 ± 33.9 197.7 ± 34.4 <0.001 a,b,c,d,e,f
Triglyceride (mg/dL) 109.7 ± 66.7 119.0 ± 77.8 129.7 ± 83.3 154.3 ± 116.3 <0.001 a,b,c,d,e,f

HDL cholesterol (mg/dL) 53.7 ± 12.9 53.4 ± 12.5 53.5 ± 12.5 52.9 ± 12.6 0.078
C-reactive protein (mg/L) 0.9 ± 0.9 0.8 ± 0.9 0.9 ± 0.9 0.9 ± 0.9 <0.001 e

METS-IR 33.1 ± 6.1 33.7 ± 6.2 34.4 ± 6.2 35.6 ± 6.7 <0.001 a,b,c,d,e,f
Serum phosphate (mg/dL) 4.3 ± 1.2 4.0 ± 0.9 3.9 ± 0.8 3.9 ± 0.8 <0.001 a,b,c,d,e

Serum potassium (mmol/L) 3.9 ± 0.4 4.0 ± 0.3 4.1 ± 0.3 4.2 ± 0.4 <0.001 a,b,c,d,e,f
eGFR (mL/min/1.73 m2) 83.5 ± 13.5 83.6 ± 13.2 82.9 ± 13.4 81.8 ± 12.7 <0.001 c,e,f

Current smoker (%) 19.2 22.1 27.7 32.8 <0.001 -
Alcohol drinking (%) 35.2 42.8 47.8 53.6 <0.001 -
Regular exercise (%) 31.1 29.9 31.2 31.9 0.378 -

Hypertension (%) 16.9 19.1 22.1 28.1 <0.001 -
Chronic kidney disease (%) 2.2 1.9 2.0 2.3 0.622 -

1 p-values were calculated using one-way ANOVA or Pearson’s chi-squared test. 2 Post hoc analysis with the
Bonferroni method: a, Q1 versus Q2; b, Q1 versus Q3; c, Q1 versus Q4; d, Q2 versus Q3; e, Q2 versus Q4; f, Q3
versus Q4.

The group with the highest calcium quartile showed the highest mean values of BMI,
mean arterial pressure, fasting plasma glucose, total cholesterol, triglycerides, and METS-IR.
However, the lowest phosphate quartile group exhibited the highest BMI, mean arterial
pressure, fasting plasma glucose, triglycerides, and METS-IR. The total cholesterol levels
were highest in the highest phosphate quartile group. The prevalence of hypertension was
21.0%, which gradually increased according to serum calcium quartiles. There was no
difference in chronic kidney disease among serum calcium quartiles; however, the highest
phosphate quartile showed the highest proportion of chronic kidney disease.

3.2. Cumulative Probability for Ischemic Heart Disease

During the follow-up period, 315 (2.1%, 315/15,259) individuals developed IHD.
The IHD incidence rate (per 1000 person-years) was highest with the highest calcium
quartile and the highest phosphate quartile. In addition, the highest calcium quartile
and the highest phosphate quartile showed a significantly increased cumulative IHD
incidence over 50 months following the baseline survey (log-rank test, p = 0.037 and
p < 0.001, respectively) (Figure 2). Serum calcium levels and the calcium-to-phosphate
ratio were inversely correlated with increasing age, while serum phosphate levels tended
to increase with age (r = −0.077, −0.129, and 0.152, respectively; p < 0.001 for all). The
age- and sex-adjusted Cox regression survival curves show that the elevated calcium and
phosphate quartiles and the decreased calcium-to-phosphate ratio quartile group exhibited
a higher cumulative incidence of IHD over 50 months (Figure 3).
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Table 2. Baseline characteristics of the study population according to serum phosphate quartiles.

Quartile of Serum Phosphate

Q1
n = 4588

Q2
n = 3114

Q3
n = 3797

Q4
n = 3760 p-Value 1 Post hoc 2

Serum phosphate (mg/dL) ≤3.40 3.41–3.70 3.71–4.40 ≥4.41
Age (years) 45.6 ± 9.4 44.5 ± 9.1 45.5 ± 9.6 48.4 ± 9.4 <0.001 a,b,d,e,f

Male sex (%) 37.9 46.7 38.0 54.7 <0.001 -
Body mass index (kg/m2) 23.9 ± 2.9 23.3 ± 3.0 23.1 ± 3.0 23.1 ± 2.9 <0.001 a,b,c,d,e

Systolic blood pressure
(mmHg) 125.2 ± 15.8 121.3 ± 15.1 120.4 ± 15.7 121.2 ± 14.6 <0.001 a,b,c

Diastolic blood pressure
(mmHg) 78.2 ± 10.3 75.7 ± 9.9 75.1 ± 10.2 76.1 ± 9.4 <0.001 a,b,c,f

Fasting plasma glucose
(mg/dL) 92.3 ± 9.5 90.6 ± 9.0 90.4 ± 9.5 92.3 ± 10.6 <0.001 a,b,e,f

Total cholesterol (mg/dL) 185.7 ± 31.2 187.0 ± 32.2 190.5 ± 34.1 200.0 ± 34.3 <0.001 b,c,d,e,f
Triglyceride (mg/dL) 134.6 ± 88.9 122.0 ± 80.2 121.7 ± 97.7 123.1 ± 75.9 <0.001 a,b,c

HDL cholesterol (mg/dL) 51.7 ± 12.0 54.1 ± 12.6 54.9 ± 12.7 53.5 ± 13.2 <0.001 a,b,c,d,f
C-reactive protein (mg/L) 0.9 ± 0.9 0.8 ± 0.9 0.9 ± 0.9 0.9 ± 0.9 <0.001 e

METS-IR 35.2 ± 6.2 33.8 ± 6.3 33.3 ± 6.3 33.7 ± 6.3 <0.001 a,b,c,d,f
Serum calcium (mg/dL) 9.2 ± 0.3 9.2 ± 0.3 9.2 ± 0.3 9.0 ± 0.3 <0.001 a,b,c,d,e,f

Serum potassium (mmol/L) 4.1 ± 0.3 4.1 ± 0.3 4.1 ± 0.3 3.7 ± 0.4 <0.001 c,e,f
eGFR (mL/min/1.73 m2) 84.1 ± 13.0 84.7 ± 13.0 84.0 ± 13.7 79.4 ± 12.7 <0.001 c,e,f

Current smoker (%) 26.8 23.0 22.7 26.2 <0.001 -
Alcohol drinking (%) 51.5 44.9 40.0 37.8 <0.001 -
Regular exercise (%) 30.8 29.1 29.4 34.6 <0.001 -

Hypertension (%) 24.9 18.5 18.4 20.9 <0.001 -
Chronic kidney disease (%) 1.9 1.3 1.5 3.6 0.011 -

1 p-values were calculated using one-way ANOVA or Pearson’s chi-squared test. 2 Post hoc analysis with the
Bonferroni method: a, Q1 versus Q2; b, Q1 versus Q3; c, Q1 versus Q4; d, Q2 versus Q3; e, Q2 versus Q4; f, Q3
versus Q4.
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3.3. Multivariate Hazard Ratios for Ischemic Heart Disease

Tables 3–5 show the multivariate Cox proportional hazards regression analysis results
for predicting IHD based on the serum calcium and phosphate quartiles and their ratio
quartiles. Compared with the reference calcium quartile, the HR of incident IHD for the
fourth quartile increased after adjusting for potential confounding variables (HR = 1.77;
95% CI, 1.15–2.72). Similarly, individuals in the highest phosphate quartile group had
an increased risk of IHD compared with the control group (HR = 1.73; 95% CI, 1.18–2.55).
Meanwhile, the HRs for IHD decreased proportionally as the serum calcium-to-phosphate
ratio increased. The HRs of incident IHD were 0.74 (95% CI, 0.50–1.11), 0.64 (95% CI,
0.42–0.97), and 0.58 (95% CI, 0.39–0.87) for the second, third, and fourth quartiles, respec-
tively, after adjusting for age, sex, BMI, smoking status, alcohol intake, physical activity,
mean arterial blood pressure, hsCRP, chronic kidney disease, serum potassium, and eGFR.

Table 3. Hazard ratios and 95% confidence intervals for new-onset ischemic heart disease (IHD)
according to serum calcium quartiles.

Serum Calcium Quartiles

Q1 Q2 Q3 Q4 p-Value

New cases of IHD, n 71 64 88 92
Mean follow-up, years 2.0 ± 1.0 2.3 ± 1.0 2.6 ± 1.0 3.0 ± 1.0

Person-years of follow-up 9680 7461 10,938 8822
Incidence rate/1000

person-years 7.3 8.6 8.0 10.4

Model 1 1.00
(reference)

1.24
(0.88–1.73)

1.22
(0.89–1.67)

1.72
(1.25–2.36) 0.007
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Table 3. Cont.

Serum Calcium Quartiles

Q1 Q2 Q3 Q4 p-Value

Model 2 1.00
(reference)

1.30
(0.91–1.86)

1.32
(0.95–1.84)

1.68
(1.20–2.36) 0.029

Model 3 1.00
(reference)

1.43
(0.97–2.12)

1.42
(0.96–2.10)

1.77
(1.15–2.72) 0.066

Model 1: Adjusted for age and sex. Model 2: Adjusted for age, sex, body mass index, smoking status, alcohol
intake, and physical activity. Model 3: Adjusted for age, sex, body mass index, smoking status, alcohol intake,
physical activity, mean arterial blood pressure, C-reactive protein level, chronic kidney disease, serum phosphate,
serum potassium, and eGFR.

Table 4. Hazard ratios and 95% confidence intervals for new-onset ischemic heart disease (IHD)
according to serum phosphate quartiles.

Serum Phosphate Quartiles

Q1 Q2 Q3 Q4 p-Value

New cases of IHD, n 82 53 71 109
Mean follow-up, years 2.5 ± 1.1 2.5 ± 1.1 2.5 ± 1.1 2.2 ± 1.0

Person-years of follow-up 11400 7680 9547 8275
Incidence rate/1000

person-years 7.2 6.9 7.4 13.2

Model 1 1.00
(reference)

1.18
(0.83–1.67)

1.29
(0.93–1.79)

1.65
(1.23–2.20) 0.007

Model 2 1.00
(reference)

1.06
(0.73–1.54)

1.23
(0.87–1.74)

1.65
(1.22–2.22) 0.006

Model 3 1.00
(reference)

0.96
(0.60–1.54)

1.20
(0.79–1.82)

1.73
(1.18–2.55) 0.018

Model 1: Adjusted for age and sex. Model 2: Adjusted for age, sex, body mass index, smoking status, alcohol
intake, and physical activity. Model 3: Adjusted for age, sex, body mass index, smoking status, alcohol intake,
physical activity, mean arterial blood pressure, C-reactive protein level, chronic kidney disease, serum calcium,
serum potassium, and eGFR.

Table 5. Hazard ratios and 95% confidence intervals for new-onset ischemic heart disease (IHD)
according to serum calcium-to-phosphate ratio quartiles.

Serum Calcium-to-Phosphate Ratio Quartiles

Q1 Q2 Q3 Q4 p-Value

New cases of IHD, n 108 69 63 75
Mean follow-up, years 2.2 ± 1.0 2.4 ± 1.1 2.5 ± 1.1 2.6 ± 1.0

Person-years of follow-up 8360 9468 9202 9871
Incidence rate/1000

person-years 12.9 7.3 6.8 7.6

Model 1 1.00
(reference)

0.79
(0.58–1.08)

0.71
(0.52–0.97)

0.65
(0.48–0.88) 0.024

Model 2 1.00
(reference)

0.69
(0.49–0.96)

0.68
(0.49–0.94)

0.64
(0.47–0.87) 0.012

Model 3 1.00
(reference)

0.74
(0.50–1.11)

0.64
(0.42–0.97)

0.58
(0.39–0.87) 0.041

Model 1: Adjusted for age and sex. Model 2: Adjusted for age, sex, body mass index, smoking status, alcohol
intake, and physical activity. Model 3: Adjusted for age, sex, body mass index, smoking status, alcohol intake,
physical activity, mean arterial blood pressure, C-reactive protein level, chronic kidney disease, serum potassium,
and eGFR.

4. Discussion

This population-based cohort study among Koreans showed that borderline high
serum calcium and phosphate levels are positively associated with IHD incidence, inde-
pendent of demographic factors, health behaviors, and chronic inflammation. Additionally,
individuals with a high serum calcium-to-phosphate ratio exhibited inverse trends in the
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development of IHD. As age increased, the serum calcium concentration tended to decrease,
and serum phosphate appeared to accumulate. Both serum calcium and phosphate seem
to be associated with increased IHD incidence even after adjusting for age, but serum
phosphate likely plays a more critical role.

There is an ongoing issue regarding the possible relationship between calcium supple-
ments and increased CVD risk [18–20]. Taking calcium supplements in addition to proper
calcium-containing foods has been shown to contribute to the progression of vascular
disease [21]. In addition, an epidemiological data analysis reported that coronary artery
disease mortality was 1.13% for each increase in the standard deviation (SD) of the calcium
concentration in blood [22]. Similarly, a longitudinal study showed that cerebrovascular
events increased 1.37-fold over 12.6 years for every SD increment in serum calcium level.
Controversy remains as to whether the risk of calcium supplements is high because Koreans
consume less calcium from food than Westerners do. However, recent prospective data
among Koreans reported that higher calcium supplementation for ≥12 months without
vitamin D was also associated with increased non-fatal myocardial infarction [23]. This
may be consistent with the results of this study in that the higher the calcium concentration
is over a long period, the higher the risk of cardiovascular disease is.

Serum phosphate levels are closely related to the decline in kidney function with age,
and the subsequent risk of CVD is well known [24,25]. Higher serum phosphate levels
can contribute to cardiovascular calcification, comparable to traditional cardiovascular
risk factors, independent of kidney function [26]. In a study of 3015 young participants
aged 18–30 years, higher phosphate levels were found to be a possible risk factor for
coronary arterial calcification, even within the normal range [27]. Recent epidemiological
studies have also reported that serum phosphate levels in adults—even those with normal
kidney function—were significantly associated with CVD events and subclinical coronary
arterial calcification [10,28,29]. According to the 2017 Korean National Health and Nutrition
Examination Survey (KNHANES), the percentage of adults who consumed less than the
daily requirement for calcium was 67.8%, the lowest intake compared to the recommended
intake. On the other hand, phosphate was consumed at over 158.6% of the average daily
requirement, and this nutritional status was the same regardless of age or sex [30].

There are some possible explanations for the observed associations. Calcium–phosphate
homeostasis has emerged as a crucial factor that should be considered in the pathophysiol-
ogy of CVDs. Increased serum calcium levels could induce alterations in blood coagulation
mechanisms and lead to endothelial dysfunction, binding to calcium-sensing receptors,
or interaction with pyrophosphates, which are essential inhibitors of tissue calcification;
higher serum calcium levels also result in smaller concentrations of serum pyrophosphates
and more significant tissue calcification [18,19]. Alterations in gene expression may be
induced by prolonged exposure to increased circulating calcium in vascular smooth mus-
cle cells, leading to mutations in calcium-sensing receptors with subsequent enhanced
cardiovascular risk [31]. In addition, the higher the intracellular free calcium level is, a
secondary messenger system, the greater the catecholamine secretion, vasoconstrictor tone,
and arterial blood pressure are [32].

Higher serum phosphate levels may increase the breakdown of the extracellular
matrix and induce osteogenic changes in vascular smooth muscle cells [33]. Increased
serum phosphate levels can increase reactive oxidative stress and damage endothelial
cells [34,35]. In addition, the activated renin-angiotensin-aldosterone system can induce
high blood pressure as endothelin-1 production increases via genetic upregulation in the
aorta [36,37]. Increased serum phosphate can lead to heart and vascular diseases through
various molecular changes resulting from cellular calcium homeostasis. Fibroblast growth
factor-23 (FGF-23) may increase, and fetuin-A and α-klotho may become insufficient,
resulting in vascular calcification [38,39]. In healthy individuals, the same regulatory
system manages calcium and phosphate homeostasis, trying to maintain the physiological
level of calcium phosphate products (CPPs) [40]. However, increased CPPs cause coronary
arterial disease [28]. In Koreans, the phosphate intake is more than twice as high as the
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calcium intake, which may contribute to the risk of CVDs due to excessive phosphate
levels [30].

Several strengths and limitations require careful consideration, which may affect the
interpretation of the study results. A significant strength of our study is that it is a large-
scale longitudinal study linked to HIRA data based on the universal coverage system in
Korea. Additionally, calcium and phosphate could affect endothelial function, but the
possibility of a reciprocal relationship between the two should be considered, and it should
be further investigated whether their ratio is associated with IHD. Regarding the study’s
limitations, the study participants were volunteers visiting for health promotion screenings
in a single hospital and appeared to be slightly healthier than most community-based
cohorts, indicating that the study population may not represent the general population.
Furthermore, we did not consider genetic susceptibility factors in calcium and phosphate
metabolism or the effects of vitamin D and PTH. Lastly, the HERAS-HIRA dataset assessed
only newly developed IHD, not coronary angiography or calcium score data.

5. Conclusions

In conclusion, borderline high serum calcium and phosphate levels were positively
associated with IHD incidence, while a high serum calcium-to-phosphate ratio exhibited
an inverse relationship with the development of IHD. Both serum calcium and phosphate
seem to be associated with risk of incident IHD, but serum phosphate likely plays a more
critical role in Koreans. Serum calcium and phosphate homeostasis may merit serious
consideration to understand the pathogenesis of coronary arterial calcification as a risk
modifier for IHD.
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