
Asian Journal of Medical Sciences | Oct 2024 | Vol 15 | Issue 10 147

INTRODUCTION

End-stage renal disease (ESRD) represents a critical stage 
in renal dysfunction where the ability of  kidney to function 
adequately is severely compromised, necessitating renal 
replacement therapy, commonly in the form of  dialysis. 
Patients grappling with ESRD are confronted not only 
with the challenges of  renal insufficiency but also with an 
increased risk of  cardiovascular complications.1 Among 
these, coronary artery calcification (CAC) emerges as a 

significant concern, as evidenced by the staggering 2–5-
fold increase in prevalence compared to age-matched 
counterparts without renal impairment.2 The burgeoning 
recognition of  ESRD as a formidable risk factor for 
cardiovascular disease (CVD) has led to recent calls by 
the American Heart Association to designate individuals 
with chronic kidney disease (CKD), including those 
with ESRD, as being within the highest-risk category for 
cardiovascular events.3 This categorization advocates for 
intensified preventative strategies aimed at mitigating the 
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prevalence and severity of  cardiovascular complications in 
this vulnerable population.

While traditional risk factors for CVD are certainly 
pertinent in this context, non-traditional risk factors 
characteristic of  CKD patients play an equally pivotal 
role in the genesis of  arterial calcification. Among 
these nontraditional factors, the duration of  dialysis 
and disturbances in mineral metabolism stand out 
prominently.4,5 The multifaceted interplay of  these 
factors creates a milieu ripe for the development 
and progression of  CAC. A breadth of  research 
has illuminated various factors contributing to the 
elevated risk of  CAC in ESRD patients.4 Dyslipidemia, 
hyperhomocysteinemia, serum leptin, and oxidative 
stress, compounded by the presence of  diabetes mellitus 
(DM) and advanced age, have all been implicated.4,6,7 
Moreover, investigations have increasingly scrutinized 
the roles of  hyperphosphatemia, elevated calcium × 
phosphate (Ca+2×P) product, and hyperparathyroidism 
in the intricate pathogenesis of  CVD in the context 
of  ESRD.8 In past, several studies have elucidated the 
dynamics of  CAC progression and its association with 
diverse risk factors in ESRD patients.9-11 In addition, 
research by Barreto et al., underscored the contribution 
of  both traditional and uremia-related risk factors 
to coronary calcification in hemodialysis patients.12 
Similarly, Bundy et al., demonstrated the incremental 
risk posed by serum calcification propensity and its 
association with CAC in CKD patients.13

Building upon this foundation, our study endeavors 
to delve deeper into the prevalence of  CAC in ESRD 
patients on maintenance dialysis, providing insights into 
the magnitude of  this burden within this high-risk cohort. 
In addition, we aim to delineate the risk factors intricately 
linked with CAC development in this population, shedding 
light on the clinical correlates that underpin this ominous 
cardiovascular complication. By elucidating the prevalence 
and risk factors associated with CAC in ESRD patients, 
our study not only contributes to the expanding body of  
knowledge concerning CVD in CKD but also highlights 
the imperative for targeted interventions aimed at curtailing 
the burden of  CAC in this vulnerable patient population. 
Through rigorous examination and understanding of  
these factors, we aim to pave the way for enhanced risk 
stratification and personalized therapeutic approaches, 
ultimately striving to mitigate the substantial cardiovascular 
morbidity and mortality faced by individuals grappling 
with ESRD.

Aims and objectives
This cross-sectional study was conducted to investigate 
the prevalence of  CAC in patients with ESRD undergoing 

dialysis and to identify and analyze the association of  
various traditional and non-traditional risk factors with the 
development of  CAC in this patient population.

MATERIALS AND METHODS

Study design and patients
This study employed a cross-sectional design to investigate 
the prevalence of  CAC in patients with ESRD undergoing 
maintenance dialysis, compared to a control group of  
normal subjects. The study was conducted at Mission of  
Mercy Hospital between, focusing on patients attending 
the dialysis unit. In this single-center, cross-sectional 
observational study, we analyzed the medical charts or 
records of  patients who had been diagnosed with CKD, 
having ESRD undergoing dialysis and admitted to critical 
care unit as part of  their routine clinical care and followed 
up from May 2017 to July 2018. Inclusion criteria for the 
study group comprised individuals diagnosed with ESRD 
undergoing dialysis for more than 3 months. Exclusion 
criteria encompassed patients with active infection, 
inflammation, or those unwilling to participate in the study.

Laboratory parameters and CAC assessment
Blood samples were collected or obtained from all CKD-
ESRD patients and normal controls, before dialysis 
sessions to ensure accurate biochemical profiling, for the 
assessment of  serum calcium, phosphate, and parathyroid 
hormone levels. Furthermore, all patients with ESRD and 
normal subjects underwent Multi Row Spiral Computed 
Tomography to detect CAC scoring (CACS). The extent 
of  coronary calcification was quantified and recorded.

Data source, collection, and management
Patient information was meticulously recorded using 
a prepared pro forma and questionnaire method, 
supplemented by comprehensive patient histories and 
physical examinations. Data collection involved enrolling 
50 patients diagnosed with ESRD and undergoing 
maintenance dialysis, along with 20 normal subjects, 
and entering their information into a dedicated software 
system. Supervision by a cardiologist and nephrologist 
oversaw the data entry process at each center, with a 
team comprising a medical officer and a nurse. Regular 
monitoring and verification of  data entry were conducted 
by the study center, ensuring data quality. Data editing 
capabilities were disabled after 1 week of  entry, and only 
the principal investigator of  study center had access to the 
data. The data management system, developed by Inmenzo 
Technologies LLP, provided password-protected access and 
allowed for the export of  de-identified encrypted data files. 
Subsequently, the collected data, including patient values, 
underwent thorough statistical analysis.
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Ethics statement
The study was conducted after due approval from 
institutional ethics committee of  nil Ratan Sircar Medical 
College and Hospital, Kolkata, India, in accordance with the 
ethical principles that have their origin in the Declaration 
of  Helsinki,14 International Council for Harmonization 
Good Clinical Practice guidelines,15 any other applicable 
regulatory requirements and in compliance with the 
submitted study protocol. All the study patients provided 
signed written informed consent before enrolment as this 
was a cross-sectional observational study where patients 
undergoing dialysis as a part of  natural course of  their 
treatment. In addition, the data presented in the current 
study was analyzed data without identifying any patient. 
Throughout the data analysis and manuscript preparation, 
patient confidentiality was completely maintained and data 
were anonymized.

Statistical analysis
Statistical analysis was performed using both non-
parametric and parametric tests. The chi-square (χ2) test 
with an alpha error of  5% was employed for categorical 
data, while parametric tests such as the Z-test were utilized 
for continuous variables. A P<0.05 was considered 
statistically significant. In addition, odds ratios were 
calculated to assess the strength of  association between 
risk factors and CAC. Higher odds ratios indicated a greater 
association between the risk factor and the outcome.

RESULTS

Prevalence of CAC in ESRD patients on dialysis
CACS was conducted in 50 patients diagnosed with ESRD 
undergoing dialysis, alongside 20 normal subjects. In the 
cohort of  ESRD patients on dialysis, the mean CACS was 
determined to be 91.4±32.7 Agatston units. Comparatively, 
normal subjects exhibited a significantly lower mean CACS 
of  7.75±9.5 Agatston units (Z=14.3, P<0.05). Out of  the 
50 patients undergoing dialysis, a striking 48 individuals 
(96%) manifested CAC. The observed CACS in this 
group ranged from a minimum of  8 Agatston units to a 
maximum of  204.0 Agatston units. The sharp disparity in 
the prevalence of  CACS between ESRD patients on dialysis 
and normal subjects underscores the heightened burden of  
CAC in this high-risk population. Figure 1 illustrates the 
prevalence of  CAC in ESRD patients undergoing dialysis 
compared to normal subjects.

Association of risk factors with CAC in ESRD patients
A comprehensive analysis of  risk factors associated with 
CAC in ESRD patients revealed notable determinants 
contributing to increase CACS. Simple odd’s ratios 
were calculated to gauge the strength of  association 

Figure 1: Prevalence of coronary artery calcification in end-stage renal 
disease patient undergoing dialysis
The graph depicts the distribution of CACS among ESRD patients on 
dialysis and normal subjects. ESRD patients’ exhibit a significantly 
higher prevalence and severity of coronary artery calcification 
compared to normal subjects

between each risk factor and elevated CACS. Among the 
identified determinants, serum calcium phosphate product 
(Ca × Pi) exhibited a simple odd’s ratio of  2.67, indicating 
a considerable association with elevated CACS. Leptin, 
a marker of  adipose tissue, demonstrated the highest 
simple odd’s ratio of  6.93, suggesting a robust association 
with increased CACS. Age exceeding 50 years conferred 
a simple odd’s ratio of  2.2, while the duration of  dialysis 
yielded a simple odd’s ratio of  1.84. Interestingly, DM 
and parathyroid hormone (PTH) levels also displayed 
associations with elevated CACS, with simple odd’s ratios 
of  1.10 and 1.95, respectively. These findings suggest 
the multifactorial nature of  CAC in ESRD patients, with 
various metabolic, demographic, and clinical factors 
exerting discernible influences on its pathogenesis. Table 1 
provides a summary of  the determinants associated with 
CAC in ESRD patients, highlighting the calculated simple 
odd’s ratios for each risk factor.

DISCUSSION

CVD remains a leading cause of  mortality among individuals 
with ESRD, accounting for more than 50% of  deaths in 
this population. Remarkably, ESRD patients exhibit a 
higher burden of  CAC than age-matched individuals with 
angiographically proven coronary artery disease.16 This 
pronounced calcification in ESRD patients underscores the 
complex interplay between traditional and nontraditional risk 
factors in the pathogenesis of  cardiovascular complications. 
Beyond conventional risk factors, ESRD patients contend 
with a myriad of  nontraditional risk factors, including 
disturbances in mineral metabolism, hyperphosphatemia, 
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hyperparathyroidism, and hyperlipidemia, which contribute 
to the disproportionate burden of  CAC observed in this 
population.4 The present study contributes to the growing 
body of  literature elucidating the intricate relationship 
between ESRD and the development of  CAC in patients 
undergoing maintenance dialysis. Our findings underscore 
the substantial burden of  CAC in this high-risk population 
and shed light on the diverse array of  risk factors implicated 
in its pathogenesis. Moreover, our study also contributes 
to the understanding of  CAC in ESRD patients by 
investigating the association of  serum leptin levels with 
CAC in this vulnerable population.

In present study, the prevalence of  CAC in ESRD patients 
on dialysis was strikingly high, with 96% of  patients 
demonstrating evidence of  CAC. This prevalence far 
exceeds that observed in normal subjects, highlighting 
the disproportionate burden of  CAC in ESRD patients 
and in a line with findings from a meta-analysis conducted 
by Wang et al.17 The mean CACS in ESRD patients was 
notably elevated, ranging from 8 to 204.0 Agatston units, 
compared to normal subjects, reinforcing the heightened 
risk of  cardiovascular complications in this population. 
These findings align with previous studies by Stompor 
group18 and Merjanian group,19 which reported similarly 
high incidences of  CAC in ESRD populations.

Our analysis of  risk factors associated with CAC in ESRD 
patients revealed several notable determinants contributing 
to its development. Serum calcium phosphate product (Ca 
× Pi) emerged as a significant predictor of  elevated CACS, 
with a simple odd’s ratio of  2.67, indicating a substantial 
association. This finding underscores the importance of  
mineral metabolism disturbances in the pathogenesis of  
vascular calcification in ESRD patients.20,21 In addition, 
we found that DM, elevated serum leptin levels, elevated 
PTH levels, elderly age (>50 years), and longer duration 
of  dialysis were associated with increased CACS in ESRD 
patients. These findings underscore the multifactorial nature 
of  CAC in ESRD, with metabolic, demographic, and clinical 
factors exerting discernible influences on its pathogenesis.22

Notably, leptin, a marker of  adipose tissue, demonstrated 
the highest simple odd’s ratio of  6.93, suggesting a robust 
association with increased CACS. This finding is supported by 
previous research by Shih et al., and Ciccone et al., implicating 
adipose tissue dysfunction in the development of  vascular 
calcification and underscores the importance of  considering 
nontraditional risk factors in assessing cardiovascular risk 
in ESRD patients.23,24 Age exceeding 50 years and longer 
duration of  dialysis were also identified as significant risk 
factors for elevated CACS, with simple odd’s ratios of  2.2 and 
1.84, respectively. These findings underscore the cumulative 
effect of  aging and prolonged exposure to dialysis on the 
progression of  vascular calcification in ESRD patients. 
Interestingly, DM and PTH levels displayed associations 
with elevated CACS, although with lower Simple odd’s ratios 
of  1.10 and 1.95, respectively. While the associations were 
less pronounced, they highlight the multifactorial nature of  
CAC in ESRD patients, with metabolic derangements and 
hormonal disturbances contributing to its pathogenesis.25

The multifactorial etiology of  CAC in ESRD patients 
underscores the complexity of  CVD in this population. 
Metabolic, demographic, and clinical factors interact 
in intricate ways to promote vascular calcification and 
exacerbate cardiovascular risk. Our study adds to the 
growing body of  evidence supporting the importance of  
aggressive risk factor management in ESRD patients to 
mitigate the burden of  CAC and reduce cardiovascular 
morbidity and mortality. The implications of  our findings 
extend beyond the realm of  clinical research to clinical 
practice. Health-care providers caring for ESRD patients 
must be vigilant in assessing and managing risk factors for 
CAC, including mineral metabolism abnormalities, adipose 
tissue dysfunction, and aging. Strategies aimed at optimizing 
mineral metabolism, glycemic control, and cardiovascular risk 
factor modification are paramount in reducing the incidence 
and progression of  CAC in this vulnerable population.4,25,26

In a nutshell, our study highlights the high prevalence 
of  CAC in ESRD patients undergoing dialysis and 
identifies several important risk factors associated with its 
development. These findings underscore the urgent need 
for aggressive risk factor management in this vulnerable 
population to mitigate the burden of  CAC and reduce 
cardiovascular morbidity and mortality. Further research is 
warranted to elucidate the underlying mechanisms driving 
vascular calcification in ESRD patients and to develop 
targeted interventions aimed at preventing its progression.

Limitations of the study
Limitations of  our study warrant consideration. The cross-
sectional design precludes establishment of  causality, and 
longitudinal studies are needed to elucidate the temporal 
relationship between risk factors and CAC progression. 

Table 1: Determinants of CAC in ESRD patients
Determinants Simple odd’s ratio Increased 

CACS in ESRD patients
Calcium phosphate 
product (Ca × Pi)

2.67

Leptin 6.93
Age >50 years 2.2
Duration of dialysis 1.84
DM 1.10
PTH 1.95

PTH: Parathyroid hormone, DM: Diabetes mellitus, CAC: Coronary artery 
calcification, ESRD: End-stage renal disease, CACS: Coronary artery calcification 
score
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In addition, our sample size may limit generalizability, and 
larger multicenter studies are warranted to validate our 
findings across diverse patient populations.

CONCLUSION

Our study highlights the significant burden of  CAC 
among ESRD patients undergoing dialysis. We found 
a high prevalence of  CAC in this population, with the 
majority of  patients exhibiting evidence of  CAC. The 
heightened prevalence of  CAC observed in ESRD patients 
on dialysis highlights the urgent need for proactive risk 
factor management in this population. Our findings identify 
several key determinants, including calcium phosphorus 
product, serum leptin levels, age, PTH levels, and 
duration of  dialysis, which are significantly associated with 
increased CAC incidence in ESRD patients. These results 
emphasize the importance of  targeted interventions aimed 
at controlling these risk factors to alleviate the burden 
of  coronary artery calcium and improve cardiovascular 
outcomes in ESRD patients undergoing dialysis.
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