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Abstract 

Objectives: This study aims to investigate the relationship between serum 
calcium levels and the angiographic severity of coronary artery disease (CAD) 
in patients with chronic coronary syndrome (CCS). 

Methodology: We conducted an observational study at the Department of 
Cardiology, Hayatabad Medical Complex, from January 2022 to December 
2022, including 150 patients diagnosed with CCS. Serum calcium levels were 
measured using a colorimetric method, and the severity of CAD was assessed 
using the SYNTAX score derived from coronary angiography. Statistical 
analyses were performed using Pearson’s correlation coefficient and 
multivariate logistic regression to account for potential confounding factors 
such as age, gender, hypertension, diabetes, and dyslipidemia. 

Results: The analysis revealed a low negative correlation between serum 
calcium levels and SYNTAX scores (correlation coefficient: -0.13). Age 
emerged as a significant predictor of CAD severity (p<0.001), whereas serum 
calcium levels did not demonstrate an independent effect on CAD severity 
(p=0.24). After adjusting for confounding variables, no substantial correlation 
between serum calcium levels and SYNTAX scores was observed. 

Conclusion: While serum calcium levels were not independent predictors of 
CAD severity after adjusting for other risk factors, a weak negative correlation 
was observed. Age remained a crucial factor influencing CAD severity. These 
findings suggest that serum calcium levels alone are insufficient for CAD risk 
classification but may provide additional value when used in conjunction with 
other diagnostic methods. 

Keywords: Serum calcium, coronary artery disease, SYNTAX score, chronic 
coronary syndrome, angiographic severity 
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INTRODUCTION 

Coronary artery disease (CAD) remains the leading 

cause of morbidity and mortality worldwide. In 

patients with chronic coronary syndrome (CCS), 

understanding the factors that contribute to CAD 

severity is crucial for guiding optimal coronary risk 

stratification and management. Serum calcium levels 

have emerged as potential biomarkers for various 

diseases, including those affecting cardiovascular 

health, due to their role in several physiological 

processes and their influence on vascular 

calcification. 

Calcium plays a vital role as an intracellular 

messenger and is essential for numerous 

physiological functions, including blood coagulation, 

muscle contraction, and neurotransmission. Its 

involvement in cardiovascular research has gained 

attention because of its impact on vascular 

calcification—a key feature of atherosclerosis1. 

Coronary artery calcification, which can precede 

adverse cardiovascular events, is often associated 

with elevated serum calcium levels. 

Recent studies have further explored the relationship 

between serum calcium levels and CAD severity. For 

example, some research has indicated that higher 

serum calcium levels correlate with worse 

cardiovascular outcomes across various patient 

populations [1-4]. In a cohort of 3,109 CAD patients, 

elevated serum calcium levels were linked to reduced 

mortality rates, suggesting a potentially protective 

role [5]. Conversely, other studies have investigated 

the impact of serum calcium levels on outcomes in 

patients with acute coronary syndrome (ACS), finding 

that lower admission calcium levels were associated 

with poorer prognoses [6-9]. This highlights the 

potential prognostic value of serum calcium 

concentrations in acute settings. 

The association between serum calcium and CAD 

involves complex biological mechanisms. Calcium is a 

critical element in the vascular calcification process, 

where hypercalcemia can lead to the formation of 

calcium-phosphate complexes, promoting deposition 

on vessel walls and resulting in arterial stiffening 

similar to atherosclerotic plaques [10]. Additionally, 

calcium's role in endothelial function and smooth 

muscle cell contraction means that disturbances in 

calcium handling can contribute to endothelial 

dysfunction and the progression of atherosclerosis 

[11]. 

These findings have significant clinical implications. 
Measuring serum calcium levels could enhance risk 
stratification for CAD patients. Combining serum 
calcium measurements with established diagnostic 
tools, such as coronary artery calcium (CAC) scoring, 
might improve the accuracy of CAD severity 
predictions and inform more personalized treatment 
strategies [12]. Understanding the link between 
serum calcium levels and CAD severity could thus 
refine clinical management for patients with CCS, 
potentially leading to new biomarkers and tailored 
therapeutic approaches. Further research should 
focus on exploring how dietary factors, bioactive 
compounds, and genetic influences affect 
cardiovascular disease through calcium metabolism, 
paving the way for precision medicine in cardiology. 

METHODOLOGY 

Study Design: This cross-sectional study was designed 

to explore the relationship between serum calcium 

levels and the severity of coronary artery disease 

(CAD) in patients with chronic coronary syndrome 

(CCS). The study was conducted at the Department of 

Cardiology, Hayatabad Medical Complex (HMC) in 

Peshawar, with the aim of understanding how 

variations in serum calcium levels might be associated 

with the angiographic severity of CAD. 

Setting: The research was carried out at Hayatabad 

Medical Complex, a leading tertiary care hospital in 

Peshawar, Pakistan. Data collection spanned from 

January 2022 to December 2022. This setting 

provided a suitable environment for the evaluation of 

patients with CCS, leveraging routine cardiological 

procedures and advanced diagnostic tools available 

at the facility. 

Participants: The study cohort consisted of 150 

patients diagnosed with CCS, all of whom underwent 

coronary angiography during the study period. 

Participants were selected through a convenience 

sampling technique. Inclusion criteria required 

patients to be aged 18 years or older, have a 

confirmed diagnosis of CCS, and have undergone 
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coronary angiography within the study timeframe. 

Those excluded from the study were individuals with 

known primary hyperparathyroidism, chronic renal 

disease, or other conditions that could affect calcium 

metabolism. 

Variables: In this study, the primary independent 

variable was serum calcium levels, measured in 

milligrams per deciliter (mg/dL). The dependent 

variable was the severity of CAD, which was 

quantified using the SYNTAX score derived from 

coronary angiography. The SYNTAX score reflects the 

complexity of coronary lesions and helps gauge the 

severity of CAD. 

Data Sources/Measurement: Data collection 

involved several components: patient interviews, 

medical record reviews, and laboratory tests. Blood 

samples were collected in the morning after an 

overnight fast to measure serum calcium levels. The 

measurement was performed using the colorimetric 

method with arsenazo III dye, a standard biochemical 

assay for determining calcium levels. Coronary 

angiography was carried out as part of routine clinical 

care, and the SYNTAX score was utilized to assess the 

complexity and severity of coronary lesions. The 

angiographic data were evaluated by two expert 

cardiologists who were blinded to the patients' serum 

calcium levels to minimize bias. 

Bias: To address potential biases, the study 

implemented several measures. Cardiologists 

assessing the angiographic data were blinded to the 

serum calcium levels to prevent any influence on their 

evaluation. Additionally, the study used standardized 

procedures for measuring serum calcium to ensure 

consistency across all samples. Despite employing a 

convenience sampling technique, which may limit 

generalizability, this approach was necessary given 

the study's logistical constraints. 

Study Size: The sample size was determined based on 

an anticipated correlation coefficient of 0.2 between 

serum calcium levels and SYNTAX scores, with a 

desired power of 80% and a significance level of 0.05. 

This calculation indicated that a minimum of 138 

participants was required. To account for potential 

dropouts and missing data, the study included 150 

participants. 

Quantitative Variables: Serum calcium levels were 

quantitatively measured in mg/dL using a 

colorimetric method. The SYNTAX score, which 

quantifies the complexity of coronary lesions, was 

used as a continuous variable to represent the 

severity of CAD. These measurements were critical in 

analyzing the association between serum calcium and 

CAD severity. 

Ethics: Ethical approval for the study was granted by 

the Institutional Review Board of Hayatabad Medical 

Complex (Approval No. 1025). All participants 

provided written informed consent before their 

inclusion in the study, ensuring adherence to ethical 

standards outlined in the Declaration of Helsinki. 

Statistical Methods: Data analysis was performed 

using SPSS version 25.0. Descriptive statistics 

summarized the demographic and clinical 

characteristics of the participants, with categorical 

variables presented as frequencies and percentages 

and continuous variables reported as means ± 

standard deviations (SD). To examine the relationship 

between serum calcium levels and CAD severity, 

Pearson’s correlation coefficient was used for 

continuous variables, while the chi-square test was 

applied to categorical variables. A multivariate logistic 

regression analysis was conducted to control for 

potential confounders, including age, gender, 

hypertension, diabetes, and dyslipidemia. Statistical 

significance was set at a p-value of less than 0.05. 

RESULTS 

Participants: The study included a total of 150 

patients diagnosed with chronic coronary syndrome 

(CCS). Among these participants, the mean age was 

55.4 years, with a standard deviation of 10.2 years 

and an age range from 35 to 75 years. The cohort 

comprised 110 males and 40 females. Additionally, 90 

participants had hypertension, 70 had diabetes, and 

85 had dyslipidemia. The remaining 60, 80, and 65 

participants did not have hypertension, diabetes, or 

dyslipidemia, respectively. 

Descriptive Data: Table 1 summarizes the 

demographic and clinical characteristics of the 

participants. The mean serum calcium level was 9.2 

mg/dL with a standard deviation of 1.1 mg/dL, 
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ranging from 7.1 to 11.3 mg/dL. The mean SYNTAX 

score, which reflects the complexity of coronary 

lesions, was 22.5 with a standard deviation of 8.4, and 

ranged between 10 and 45. This table provides a 

comprehensive overview of the key characteristics 

relevant to the study. 

Table 1: Patient Demographics and Clinical 

Characteristics 
Parameter      (N - 50)         Summary Range 

Age (years)            55.4 ± 10.2 35-75 
Gender           
Male 110 (73.33%)  
Female 40 (26.67%)  
Comorbidities 
Hypertension  90 (60%) - 
Diabetes         70 (46.67%) - 
Dyslipidemia     85 (56.67%) - 
Labs / Score 
Serum Calcium (mg/dL)  9.2 ± 1.1 7.1-11.3 
SYNTAX Score           22.5 ± 8.4 10-45 

 

Outcome Data: The distribution of serum calcium 

levels and SYNTAX scores is illustrated in Figure 1. This 

figure depicts the range and variation of these 

variables among the study participants. 

Figure 1: Distribution of Serum Calcium Levels and 
SYNTAX Scores 

 

The correlation analysis between serum calcium 

levels and SYNTAX scores revealed a low negative 

correlation, with a correlation coefficient of -0.13. 

This indicates a weak inverse relationship between 

serum calcium levels and the severity of coronary 

lesions as quantified by the SYNTAX score 

Main Results: Multivariate logistic regression analysis 

was performed to account for potential confounding 

variables including age, gender, hypertension, 

diabetes, and dyslipidemia. The results of this analysis 

are summarized in Table 2. 

The multivariate analysis demonstrated that age was 

a significant predictor of CAD severity (p < 0.001). In 

contrast, serum calcium levels did not show an 

independent effect on CAD severity (p = 0.24). This 

suggests that while age plays a crucial role in 

predicting CAD severity, serum calcium levels alone 

do not significantly impact the severity of coronary 

lesions when other variables are considered. 

Table 2: Multivariate Logistic Regression Analysis 
Variable           Odds Ratio 95% CI p-value 

Age                1.05 1.02-1.08 0.001 
Gender (Male)      1.1 0.65-1.85 0.74 
Hypertension       1.2 0.70-2.10 0.51 
Diabetes           1.3 0.75-2.25 0.36 
Dyslipidemia       1.25 0.80-2.00 0.45 
Serum Calcium      0.9 0.80-1.10 0.24 
SYNTAX Score       1.15 1.10-1.20 <0.001 

Figure 2: Scatter Plot of Serum Calcium Levels and 

SYNTAX Scores 

 

The scatter plot provided in Figure 2 visually 
represents the relationship between serum calcium 
levels and SYNTAX scores. The plot illustrates a 
dispersed distribution of data points, aligning with 
the numerical correlation coefficient of -0.13, 
indicating a weak negative correlation. This weak 
correlation reinforces the finding that while serum 
calcium levels show some association with the 
complexity of coronary lesions, it is not strong enough 
to be a reliable independent marker of CAD severity. 
Serum calcium levels might offer additional insights 
when used alongside other diagnostic measures for a 
more comprehensive evaluation of CAD. 

DISCUSSION 

This study aimed to explore the relationship between 

serum calcium levels and the angiographic severity of 

coronary artery disease (CAD) in patients with chronic 

coronary syndrome (CCS). Our findings revealed a low 

negative correlation between serum calcium levels 

and SYNTAX scores, with a correlation coefficient of -
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0.13. Additionally, age emerged as a significant 

predictor of CAD severity (p < 0.001). However, serum 

calcium levels did not demonstrate an independent 

effect on CAD severity after adjusting for other risk 

factors (p = 0.24). 

Our results differ from several previous studies that 

have explored the relationship between serum 

calcium levels and cardiovascular outcomes. For 

instance, Wang et al. (2020) observed that higher 

serum calcium levels were associated with lower 

mortality rates among CAD patients, suggesting a 

potential protective effect [1]. Conversely, Park and 

Lee (2019) found that borderline high serum calcium 

levels were linked to arterial stiffness and an 

increased risk of cardiovascular disease [3]. These 

discrepancies may be due to differences in study 

populations, methodologies, or the specific 

parameters used to assess CAD severity. Our study, 

focused on a cohort from a single center in Pakistan, 

may reflect unique demographic and clinical 

characteristics that differ from those in other 

populations. 

In contrast, Zhang et al. (2020) reported a positive 

association between higher serum calcium levels and 

the severity of coronary atherosclerosis in patients 

undergoing cardiac computed tomography, 

indicating that elevated calcium levels might 

contribute to vascular calcification [13]. Narang et al. 

(2020) also found a significant negative association 

between serum calcium levels and angiographic CAD 

severity, which supports our findings [14]. 

Furthermore, Sun et al. (2020) explored the 

relationship between serum calcium levels and 

clinical outcomes in patients with COVID-19, noting 

that lower calcium levels were associated with worse 

clinical outcomes. This highlights the complex role of 

calcium in various disease contexts [15]. Yang et al. 

(2021) identified a link between elevated serum 

calcium levels and an increased risk of all-cause and 

cardiovascular mortality in CAD patients, suggesting a 

multifaceted relationship between calcium 

metabolism and cardiovascular health [16]. 

The low negative correlation between serum calcium 

levels and SYNTAX scores in our study implies that 

while there is some association, it is not robust 

enough to consider serum calcium as a standalone 

predictor of CAD severity. This finding is consistent 

with the notion that age remains a crucial factor in 

determining CAD severity due to the cumulative 

effects of risk factors and the natural aging of the 

vasculature. The lack of a significant independent 

effect of serum calcium levels after adjusting for 

potential confounders suggests that other factors 

play a more prominent role in CAD severity among 

patients with CCS. 

While serum calcium levels alone may not be 

sufficient for CAD risk classification, they could 

potentially enhance risk stratification when used in 

conjunction with other diagnostic tools. For example, 

integrating serum calcium measurements with 

coronary artery calcium (CAC) scoring could improve 

the specificity of risk assessment in CCS patients. 

Further research should focus on validating these 

findings and exploring the combined use of serum 

calcium and other biomarkers to enhance CAD 

assessment and management. 

Our study indicates that serum calcium levels are not 

independent predictors of CAD severity in patients 

with chronic coronary syndrome. The observed low 

negative correlation suggests some association, but it 

is not strong enough to be a primary marker. Age 

remains a significant factor in CAD severity, 

underscoring the importance of considering multiple 

risk factors for comprehensive risk stratification. 

Future research should aim to validate these findings 

and investigate the potential benefits of combining 

serum calcium levels with other diagnostic tools for 

improved CAD assessment. 

Limitations 

This study has several limitations that warrant 
consideration. First, although a sample size of 150 
patients is adequate for detecting correlations, it may 
still be insufficient for generalizing findings to a 
broader population. The cross-sectional nature of the 
study restricts the ability to infer causality between 
serum calcium levels and CAD severity. Furthermore, 
conducting the study at a single center in Pakistan 
may limit the external validity of the results, as the 
demographic and clinical characteristics of the study 
population might not represent other populations 
with different attributes. Additionally, the study may 
be affected by residual confounding factors not 
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included in the multivariate analysis, such as dietary 
calcium intake, vitamin D levels, and genetic factors 
influencing calcium metabolism. 

Future Directions 

To address these limitations, future research should 
focus on several key areas. Larger, more diverse 
populations across multiple centers would enhance 
the generalizability of the findings. Employing 
longitudinal study designs could better elucidate 
causal relationships between serum calcium levels 
and CAD severity. Additionally, examining other 
relevant factors, such as dietary calcium intake, 
vitamin D levels, and genetic predispositions, may 
provide a more comprehensive understanding of the 
role of calcium in CAD. Investigating the combined 
use of serum calcium measurements with advanced 
biomarkers and imaging techniques, such as coronary 
artery calcium (CAC) scoring, could offer a more 
nuanced approach to risk assessment. Future studies 
should also consider gender-specific analyses, given 
potential differences in calcium metabolism and 
cardiovascular health between men and women. 
Ultimately, these efforts could lead to the 
identification of novel biomarkers and the 
development of precision medicine strategies for 
managing CAD in patients with chronic coronary 
syndrome. 

CONCLUSION 

Our study concluded that serum calcium levels do not 
serve as independent predictors of coronary artery 
disease (CAD) severity in patients with chronic 
coronary syndrome (CCS). Although a weak negative 
correlation between serum calcium levels and 
SYNTAX scores was identified, suggesting a minor 
association, the relationship is not strong enough to 
establish serum calcium as a standalone marker for 
CAD severity. Age emerged as a significant 
determinant of CAD severity, reinforcing the need to 
consider multiple risk factors in a comprehensive risk 
assessment. While serum calcium levels alone are 
insufficient for CAD risk classification, they may offer 
added value when used in conjunction with other 
diagnostic tools. Future research should aim to 
validate these findings and explore the integration of 
serum calcium levels with other diagnostic modalities 
for more effective CAD assessment. 
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