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Abstract

Purpose—Serum calcium and phosphorus abnormalities are associated with cardiovascular 

disorders in general population, but evidence among patients with established coronary heart 

disease (CHD) is limited and controversial. This study aimed to investigate the associations of 

baseline serum calcium and phosphorus levels with long-term mortality risk among patients with 

CHD.

Methods—We conducted a prospective cohort study among 3187 patients with CHD from 

October 2008 and December 2011 in China. Cox proportional hazards model was used to assess 

the associations of serum calcium and phosphorus at baseline with the risk of death.

Results—During follow-up (mean, 4.9 years), 295 patients died, 193 of which resulted from 

cardiovascular causes. Multivariable-adjusted hazard ratios (HR) for each 1 mmol/L increase 

in serum calcium at baseline were 0.27 (95% confidence interval (CI) 0.14–0.51) for all-cause 

mortality and 0.26 (95% CI 0.12–0.54) for cardiovascular mortality. Patients in the highest 

compared to the lowest quartile of serum calcium were at lower risk of all-cause mortality (HR, 

95% CI 0.57, 0.40–0.82) and cardiovascular mortality (0.50, 0.32–0.79) (both Ptrend < 0.001). 

This inverse association between serum calcium and the risk of mortality did not change when 

participants were stratified by sex, age groups, level of overweight, types of CHD, and history of 

diabetes. We also observed a graded positive association between baseline serum phosphorus and 

the risks of mortality.

Conclusions—The present study is the first to report that lower serum calcium at baseline is 

associated with an increased risk of all-cause and cardiovascular mortality in a Chinese coronary 

heart disease cohort. Further studies are required to investigate the causal relationship and actual 

mechanisms.
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Introduction

Serum calcium and phosphorus are essential for many physiological progresses which might 

be directly or indirectly related to cardiovascular disease (CVD), the leading cause of 

deaths worldwide [1]. While the prognosis of coronary heart disease (CHD) has improved 

substantially over the recent decades in the developed countries [2], CHD mortality still 

remains high in the developing countries, especially in China [3]. To improve the survival 

of CHD patients, further researches are needed to focus on the associations of not only 

conventional cardiac risk factors but also non-traditional risk factors, such as serum calcium 

and phosphorus, with the long-term outcomes.

Abnormalities in calcium and phosphorus homeostasis have been reported as risk factors 

in cardiovascular disorders [4]. Previous studies have reported that higher serum calcium 

and phosphorus levels, even within the normal range, were associated with abnormal 

vascular function, such as increased carotid intima–media thickness, arterial stiffness and the 

presence of calcified plaque [5–8]. Several studies have examined the associations of serum 

calcium and phosphorus with the major cardiovascular outcomes in subjects with chronic 

kidney disease (CKD) [9] or in the general population [10, 11]. Patients with established 

CVD might have renal insufficiency, impaired gastrointestinal function, or heightened 

neurohormonal activation, which could affect calcium and phosphorus homeostasis; whether 

the abnormalities of calcium and phosphorus would in turn affect the prognosis of CVD 

was unknown. Furthermore, recent cross-sectional studies have indicated that the decrease 

of serum calcium following the occurrence of CVD was associated with cardiovascular 

disorder in Chinese patients, which was inconsistent with previous Western studies [12]. 

The association of lower serum calcium levels with the long-term adverse outcomes in 

Chinese CHD patients has not been clarified. Thus, we aimed to investigate the associations 

of baseline serum calcium and phosphorus with the risks of all-cause and cardiovascular 

mortality among Chinese patients with CHD.

Methods

Study population

We evaluated the association of baseline serum calcium and phosphorus with the risk of all-

cause and cardiovascular mortality among CHD patients, who participated in the Guangdong 

Coronary Artery Disease Cohort (GCADC) study. The sampling methods of the GCADC 

study setting have been described previously in detail [13, 14]. Using the same selection, 

criteria and ascertainment of CHD, we first recruited 1984 patients during 2008–2011 [13], 

and then further included 1615 patients via electronic medical records during 2013–2014. 

In total, we recruited 3599 consecutive inpatients who were admitted to the Cardiology 

Department of three superior specialty hospitals in Guangdong, China (Guangzhou Military 

General Hospital, Sun Yat-sen Memorial Hospital, and First Affiliated Hospital of Sun 
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Yat-sen University) between October 2008 and December 2011 and were diagnosed as CHD 

[International Classification of Diseases (ICD)-10 codes I20–I25] according to the World 

Health Organization 1999/2000 guidelines [15, 16]. Patients with acute coronary syndrome 

were defined as the occurrence of any of unstable angina pectoris, ST-segment elevation 

myocardial infarction, and non-ST-segment elevation myocardial infarction within 3 months. 

The present study included 3187 CHD patients aged 40 years and over after excluding the 

participants lacking data on general information at baseline (n = 248) and serum calcium 

or phosphorus measures (n = 164). Informed consent was obtained from each of the first 

recruited patients from the GCADC study. We did not obtain informed consent from those 

participants recruited during 2013–2014 because we used anonymized data compiled from 

electronic medical records. The study plan for the first recruited patients and analysis plan 

for the whole patients were approved by the Sun Yat-sen University Ethics Committee, 

and all clinical investigations were conducted according to the principles expressed in the 

Declaration of Helsinki.

Measurements

Every patient’s general information, including admission date, birth date, gender, address, 

contact information, marriage status, education level, leisure-time physical activity, smoking 

habits, alcohol consumption, history of diseases and use of medication before admission was 

obtained by a standardized questionnaire through a face-to-face interview and/or extracted 

from the computerized hospitalization records. Smoking habits and alcohol consumption 

were classified into three groups: never, past, or current. Current smoking was defined as 

regularly at least one cigarette per day and lasting for more than 6 months before the study, 

and current alcohol drinking was defined as drinking any type of alcoholic beverage at least 

once a week and lasting for half a year.

Clinical measurements of each participant were extracted from an electronic case record 

system. At admission, trained nurses measured height, weight and blood pressure using a 

standard protocol [17]. Body mass index (BMI) was defined as the weight in kilograms 

divided by the square of height in meters. All blood samples were drawn in the next morning 

after admission with at least 12 h fasting. Lipids, fasting blood glucose, serum creatinine, 

serum calcium or phosphorus were determined by standard methods using the Hitachi 

Automatic Analyzer 7600–020 (Hitachi, Tokyo, Japan). We estimated glomerular filtration 

rate (GFR) using the Modification of Diet in Renal Disease (MDRD) Study equation: [18] 

estimated GFR (eGFR) = 175 × (standardized serum creatinine in mg/dL)−1.154 × age−0.203 

× 0.742 (if female).

Prospective follow-up

Since enrollment, all study participants have been followed for all-cause and cardiovascular 

deaths from hospital medical records of readmission, telephone contacts with patients or 

their immediate family members (only for the first recruited patients), and death registration 

at the Guangdong Provincial Center for Disease Control and Prevention annually. In the 

current study, follow-up duration was calculated from the date of enrollment to the date 

of death, the date of last contact, or September 30, 2015. There was no patient lost in the 
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follow-up in the current study. We used the ICD codes to identify the cause of deaths, and 

the ICD codes I00–I99 were classified as cardiovascular deaths.

Statistical analyses

We used the general linear model after adjustment for age or Chi-square analysis to test 

differences in continuous or categorical risk factors between different categories of serum 

calcium or phosphorus. The associations of different levels of serum calcium or phosphorus 

at baseline with the risks of all-cause and cardiovascular mortality were tested using 

Cox proportional hazards model. Both serum calcium and phosphorus were considered as 

continuous variables and in quartiles (phosphorus: ≤1.01 (reference group), 1.02–1.15, 1.16–

1.29, >1.29 mmol/L; calcium: <2.18 (reference group), 2.18–2.27, 2.28–2.36, and ≥2.37 

mmol/L). All analyses were adjusted for age and sex, and further for education, marital 

status, smoking, alcohol drinking, leisure-time physical activity, BMI, eGFR, systolic 

blood pressure (SBP), triglyceride, high-density lipoprotein cholesterol (HDL-C), types of 

CHD, history of diabetes, use of antihypertensive medications, use of glucose-lowering 

medications, use of lipid-lowering medications, and use of antiplatelet medications. Serum 

phosphorus was included in the final models when evaluating serum calcium with mortality; 

and serum calcium was included in the final models when evaluating serum phosphorus with 

mortality. The proportional hazard assumption in the Cox models was assessed with graphic 

methods and also by adding to the model an interaction term between a function of time and 

the variable of interests. In general, the graphical methods showed that the curves of every 

model were roughly parallel; and there was no violation of all proportionality assumptions 

using models including time-by-covariate interactions (all P for interaction term >0.05). The 

different categories of serum calcium or serum phosphorus were included in the models 

as dummy variables, and the significance of the trend over different categories was tested 

in the same models with the median of each category as a continuous variable. Since the 

interaction between sex and serum calcium and death risk was not statistically significant, 

data for men and women were combined in the analyses to maximize the statistical power.

In addition, we used restricted cubic splines in Cox models to test whether there was a 

dose–response or non-linear association of serum phosphorus or calcium as a continuous 

variable with the risks of all-cause and cardiovascular mortality, respectively.

Statistical significance was considered to be P < 0.05 and all probability values were two 

sides. Analyses were performed using PASW for Windows, version 20.0 (IBM SPSS Inc., 

Chicago, IL, USA) and SAS for Windows, version 9.4 (SAS Institute, Cary, NC, USA).

Results

General characteristics of the study population according to baseline quartiles of serum 

calcium or phosphorus are presented in Tables 1 and 2, respectively. Of the 3187 patients, 

the mean age was 64.2 years and 62.9% were men.

During a mean follow-up period of 4.9 years, 295 deaths were identified, 193 of which were 

due to CVD. Multivariable-adjusted hazard ratios (age, gender, marital status, education, 

smoking, alcohol consumption, leisure-time physical activity, types of CHD, eGFR, HDL-C, 
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TG, history of diabetes, SBP, BMI, use of antihypertensive drugs, use of anti-diabetic drugs, 

use of lowering-lipid drugs, and use of anti-platelet drugs) associated with different levels of 

baseline serum calcium (<2.18 (reference group), 2.18–2.27, 2.28–2.36, and ≥2.37 mmol/L) 

were 1.00, 0.72, 0.46, and 0.57 (Ptrend < 0.001) for all-cause mortality, and 1.00, 0.75, 0.32, 

and 0.50 (Ptrend < 0.001) for cardiovascular mortality, respectively (Table 3). Compared 

with CHD patients with the lowest serum phosphorus levels (≤1.01 mmol/L) at baseline, 

those with the highest baseline serum phosphorus (>1.29 mmol/L) had 1.86 times (95% 

confidence interval (CI) 1.32–2.63) and 1.62 times (95% CI 1.06–2.48) risks of all-cause 

and cardiovascular mortality, respectively.

When baseline serum phosphorus and calcium were considered as a continuous variable 

using restricted cubic splines in Cox models, we observed that the nadirs of the association 

of phosphorus and calcium with the risk of mortality were at 0.8–1.00 mmol/L of serum 

phosphorus and 2.3–2.5 mmol/L of serum calcium, respectively (Fig. 1). Phosphorus 

levels appeared to have a positive association with the risk of all-cause mortality and 

cardiovascular mortality (both P for non-linear >0.05). When serum calcium was <2.3 

mmol/L, lower serum calcium levels were associated with a higher risk of mortality; the 

spline slightly increased when the calcium levels were higher than 2.5 mmol/L (both P 
for non-linear <0.05) (Fig. 1). Multivariable-adjusted hazard ratios for each 1 mmol/L 

increase in serum phosphorus were 2.56 (95% CI 1.75–3.74) for all-cause mortality and 

2.60 (95% CI 1.65–4.08) for cardiovascular mortality; each 1 mmol/L increase in serum 

calcium contributed to about 70% decreased risks of all-cause mortality (HR 0.27, 95% CI 

0.14–0.51) and cardiovascular mortality (HR 0.26, 95% CI 0.12–0.54) (Table 3).

When we stratified samples by sex, age, BMI, eGFR, type of CHD, history of hypertension, 

and history of diabetes, the inverse association of baseline serum calcium with risk of 

mortality was still significant in almost all subgroups. There was no effect modification to 

the association between lower calcium and an increased death risk according to different 

sexes, BMI, eGFR, type of CHD and history of diabetes. There were significant interactions 

of different ages and serum calcium with the risk of all-cause death, as well as history of 

hypertension and serum calcium with the risks of all-cause and cardiovascular mortality 

(Table 4). In addition, the significant interactions of sex, age, BMI, type of CHD, history 

of hypertension, history of diabetes and serum phosphorous with the risks of all-cause and 

cardiovascular mortality were found. The significant positive association between serum 

phosphorous and the risks of all-cause and cardiovascular mortality were present only in 

men, in CHD patients older than 65 years, in normal weight patients, in acute CHD patients 

only, and in patients without the history of either hypertension or diabetes (Table 4).

The join effects of baseline serum phosphorus and calcium with the risks of all-cause and 

cardiovascular mortality are shown in Fig. 2. We used two categories of baseline serum 

phosphorus (low risk ≤1.29 and high risk >1.29 mmol/L) and serum calcium (high risk 

<2.18 and low risk ≥2.18 mmol/L). Compared with CHD patients with serum phosphorus 

at ≤1.29 mmol/L and calcium at ≥2.18 mmol/L, patients at higher level of phosphorus 

(>1.29 mmol/L) and lower level of calcium (<2.18 mmol/L) had a 2.46-fold risk of all-cause 

mortality (95% CI 1.63–3.70) and a 2.36-fold risk of cardiovascular mortality (95% CI 

1.40–4.00).
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Discussion

To our knowledge, this is the first study to document that decreased serum calcium at 

baseline was associated with a long-term increased risk of all-cause and cardiovascular 

mortality among patients with CHD. In current study, we also found a graded positive 

association between baseline serum phosphorus levels and the risks of all-cause and 

cardiovascular mortality, especially among men with CHD.

Serum calcium and mortality

Though previous studies have shown that elevated serum calcium was a risk factor for 

mortality among CKD patients [19] and the general population [10]; the appearance of 

this positive association between serum calcium and mortality recently aroused controversy 

among patients with particular conditions. A meta-analysis, including 47 cohort studies (n 
= 327,644 patients), found no significant association between all-cause mortality and serum 

level of calcium among individuals with CKD [20], while several researchers have reported 

that reduced serum calcium levels following critical illness are associated with an increased 

mortality risk [21–23]. However, evidence among patients with CHD is scarce, especially 

in China. Two cross-sectional studies have already observed that total serum calcium levels 

had a negative association with the angiographic severity of CHD among stable patients 

[24], and low serum calcium was independently associated with left ventricular systolic 

dysfunction in CHD patients [12]. The present study first indicated that a low serum calcium 

level at baseline might be a predictor of long-term all-cause and cardiovascular mortality 

among CHD patients. Even after adjusting for traditional cardiometabolic risk factors and 

possible confounders, the inverse association was still present. In addition, in our study, high 

serum calcium levels (≥2.37 mmol/L) did not show an association with an increased risk of 

long-term mortality among patients with CHD.

Decreased serum calcium levels might imply impaired kidney function [9]. In the present 

study, the adjustment for eGFR, or stratifying for CHD patients as eGFR <60 or ≥60 

mL/min per 1.72 m2 did not change the significant association between decreased serum 

calcium levels at baseline and increased risks of all-cause and cardiovascular mortality. 

Thus, our study suggested that a lower serum calcium level may be an independent risk 

factor for the prognosis of CHD rather than a surrogate marker of lower GFR. In fact, lower 

serum calcium could further promote the deterioration in renal function [25], which might 

play an adverse role in the progress of CHD, resulting in poor long-term outcomes.

Even though the mechanism of an increased risk of mortality associated with low levels 

of serum calcium is poorly understood, several putative mechanisms might be proposed. 

Decreased serum calcium levels could be detected in established CVD patients and be 

related to CVD severity [12, 26], which suggested that low serum calcium at baseline might 

make sense to have an impact on the prognosis of CHD patients. It has been assumed that 

a low calcium level might indicate an increased calcium consumption, partially reflect more 

plaques or thrombi formed and worsen coronary conditions, resulting in poor outcomes 

through platelet activation and/or intracellular calcium overload [25, 27, 28]. Several other 

studies indicated that a decreased serum calcium level was associated with secondary 

hyperparathyroidism, increased circulating fibroblast growth factor (FGF-23) levels, and 
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the severity of vitamin D deficiency [25, 29], which were associated with an increased risk 

of mortality among patients with CHD [30, 31]. However, these clinical measurements were 

not available in the present study for additional analyses. Whether a decreased baseline 

serum calcium level is associated with an increased risk of long-term mortality and whether 

it could become a predictor of long-term mortality among CHD patients remain to be 

elucidated and still need further research.

Serum phosphorus and mortality

Most but not all studies have found an association between baseline higher serum 

phosphorus and an increased risk of mortality in subjects with impaired kidney function, 

end-stage rental disease, and in the general population with normal renal function [11, 

20, 32, 33]. In agreement with these studies, this study provided additional supportive 

evidence that baseline serum phosphorus level was an independent predictor for the risk 

of mortality among patients with established CHD. The mechanisms of this positive 

association were complicated. A high level of phosphorus plays a critical role in multiple 

and diverse biological dysfunctions, such as rental deterioration [9], vascular stiffness [34] 

and endothelial dysfunction [35, 36], which might link to poor cardiovascular outcomes. 

Elevated levels of serum phosphorus would also promote coronary arteries calcification [37], 

which is positively correlated with atherosclerotic plaque burden and instability [4, 38, 39], 

and might be one of the major explanations for the relations. Previous studies indicated 

that higher levels of serum phosphorus might also be associated with hyperparathyroidism, 

which has been associated with poor survival. As described above, parathyroid hormone 

levels were not detected at admission, however, after adjusting for eGFR and serum 

calcium, which might be associated with hyperparathyroidism, an increased level of serum 

phosphorus was still associated with the risk of all-cause and cardiovascular mortality. 

Gender heterogeneity in serum phosphorus with the risk of mortality was observed in the 

present study. The positive association between serum phosphorus and the risks of all-cause 

and cardiovascular mortality was only seen in men but not in women, which was consistent 

with one previous study included 92,756 individuals without kidney disease [11]. Higher 

levels of serum phosphorus were found in men, which might be partially due to the sex 

hormone (mainly estradiol) production [40, 41].

There are several limitations in the present study. First, our study did not have data on some 

related risk factors which were not typically clinical measurements for CHD patients, such 

as FGF-23 and parathyroid hormone. Second, we only measured the serum calcium and 

phosphorus at baseline and did not measure them during the follow-up. Third, the causal link 

between baseline serum calcium and long-term mortality, and the related mechanism have 

not been illuminated in the present study. Based on the limitations above, our findings may 

need to be further confirmed by large RCTs or cohorts.

In conclusion, we found an inverse association between baseline serum calcium and death 

risk, and a positive association between baseline serum phosphorus and the risk of mortality 

among Chinese patients with CHD.
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Fig. 1. 
Spline plots displaying the risk of all-cause and cardiovascular mortality over the range of 

serum phosphorus and calcium. a HR for all-cause mortality by baseline serum phosphorus. 

b HR for cardiovascular mortality by baseline serum phosphorus. c HR for all-cause 

mortality by baseline serum calcium. d HR for cardiovascular mortality by baseline serum 

calcium. Adjusted for age, gender, body mass index, systolic blood pressure, high-density 

lipoprotein cholesterol, triglycerides, estimated glomerular filtration rate, history of diabetes, 

education, marriage, leisure-time physical activity, smoking, alcohol drinking, type of 

coronary heart disease, use of antihypertensive drugs, use of anti-diabetic drugs, use of 

lowering-lipid drugs and use of anti-platelet drugs. Dashed lines represented 95% CI
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Fig. 2. 
Hazard ratios of all-cause (a) and cardiovascular (b) mortality according to different levels 

of serum phosphorus and calcium. Adjusted for age, gender, body mass index, systolic blood 

pressure, high-density lipoprotein cholesterol, triglycerides, estimated glomerular filtration 

rate, history of diabetes, education, marriage, leisure-time physical activity, smoking, 

alcohol drinking, type of coronary heart disease, use of antihypertensive drugs, use of 

anti-diabetic drugs, use of lowering-lipid drugs and use of anti-platelet drugs. †P < 0.001; ‡P 
< 0.05
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