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INTRODUCTION 

Parathormone or Parathyroid hormone (PTH) is a critical 

regulator of calcium and phosphate homeostasis, exerting 

significant effects on bone metabolism [1]. In patients 

undergoing hemodialysis (HD), altered PTH levels have been 

implicated in various cardiovascular complications, including 

cardiac dysfunction [2]. This introduction explores the 

association between PTH and cardiac dysfunction in 

individuals undergoing HD, highlighting the underlying 

mechanisms and clinical implications. Chronic kidney disease 

(CKD) is a progressive condition that often necessitates renal 

replacement therapy, with hemodialysis being the most 

prevalent and widely used modality for patients who reach 

end-stage renal disease (ESRD) [3]. However, patients 

undergoing HD often experience significant disturbances in 

mineral metabolism, leading to secondary 

hyperparathyroidism. Elevated levels of PTH are commonly 

seen in these individuals and have been linked to several 

adverse cardiovascular outcomes, contributing to a 

heightened risk of cardiovascular morbidity and mortality in 

this population [4]. A study demonstrated that a clear 

association between increased PTH concentrations and higher 

mortality rates among HD patients in the Gulf Cooperation 

Council countries, underscoring the impact of this hormone on 
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ABSTRACT  

Background: Elevated parathyroid hormone (iPTH) levels have been associated with 

adverse cardiovascular outcomes in hemodialysis patients. This study aims to explore the 

relationship between elevated iPTH levels and cardiac dysfunction, with a focus on left 

ventricular ejection fraction (LVEF), left ventricular hypertrophy (LVH), and other 

cardiovascular markers. Objectives: To explore the role of parathyroid hormone (PTH) as a 

potential risk factor for cardiac dysfunction in individuals undergoing hemodialysis. 

Methods & Material: A total of 215 hemodialysis patients were enrolled and categorized 

into elevated iPTH and normal iPTH groups. Demographic data, dialysis duration, 

biochemical markers, and cardiovascular parameters, including LVEF, LVH, B-type 

natriuretic peptide (BNP), and carotid intima-media thickness (CIMT), were assessed. 

Logistic regression and multivariate linear regression were used to evaluate the relationship 

between iPTH and cardiovascular outcomes. Result: The elevated iPTH group had 

significantly lower LVEF (50.1% vs. 56.4%, p<0.001), higher prevalence of LVH (70% vs. 

48.2%, p=0.002), and elevated BNP and CIMT levels (p<0.001). Multivariate analysis revealed 

that iPTH levels were independently associated with reduced LVEF and increased 

cardiovascular risk (adjusted OR: 2.34, p=0.012). Serum calcium and phosphorus imbalances 

were also significant predictors of cardiovascular dysfunction. Conclusion: Elevated iPTH 

levels are significantly associated with adverse cardiovascular outcomes, including reduced 

LVEF, increased LVH, and elevated BNP and CIMT, in hemodialysis patients. These findings 

highlight the critical role of iPTH in cardiovascular pathology and suggest that controlling 

iPTH levels could improve cardiovascular health in this population. 

 

Keywords: Elevated parathyroid hormone, cardiovascular dysfunction, hemodialysis, left 

ventricular ejection fraction, left ventricular hypertrophy 
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long-term outcomes [5]. The pathophysiological mechanisms 

connecting PTH to cardiac dysfunction in HD patients are 

complex and multifactorial. PTH exerts its effects not only on 

bone metabolism but also on myocardial contractility, 

vascular tone, and cardiac remodeling [6]. PTH serves as a 

critical bridge between bone metabolism and cardiovascular 

disease, affecting both bone and heart tissues. Additionally, 

elevated PTH levels may contribute to left ventricular 

hypertrophy (LVH), a precursor to heart failure [7]. 

Echocardiographic techniques were utilized to assess left 

ventricular structure and function in end-stage renal disease 

patients, providing insights into cardiac alterations [8]. 

Furthermore, PTH interacts with other hormones and factors 

that modulate cardiovascular health [9]. For instance, 

fibroblast growth factor 23 (FGF23) and vitamin D are 

involved in mineral metabolism and have been linked to 

cardiac outcomes in CKD patients. The interplay between 

these factors complicates the assessment of PTH's direct 

effects on the heart [10]. Clinically, it has become evident that 

monitoring PTH levels in HD patients is essential for 

identifying those at higher risk for cardiac dysfunction. The 

role of fragmented QRS complexes on electrocardiograms as a 

marker of subclinical left ventricular dysfunction in chronic 

kidney disease patients, indicating the need for 

comprehensive cardiac screening in this population [11]. 

Additionally, interventions aimed at reducing PTH levels, such 

as the use of phosphate binders and vitamin D analogs, have 

demonstrated promise in mitigating cardiovascular risks and 

improving patient outcomes [12]. However, PTH affects renal 

phosphate transporters, offering potential avenues for 

therapeutic intervention [13]. Elevated PTH levels in HD 

patients are closely linked to cardiac dysfunction through 

various direct and indirect mechanisms [14]. This study aims to 

delve deeper into the role of PTH as a risk factor for cardiac 

dysfunction among individuals undergoing hemodialysis, 

providing evidence to inform clinical practices and 

therapeutic interventions. 

 

METHODS & MATERIALS 

This was a cross-sectional observational study conducted at 

[Institution Name] between [start date] and [end date] in the 

Department of [Department Name]. The study was approved 

by the institutional ethics committee, and written informed 

consent was obtained from all participants. A total of 215 

adult patients who were undergoing regular hemodialysis 

were included in the study. Participants were categorized into 

two groups based on their parathormone (PTH) levels: PTH 

Elevated (N=130) and PTH Normal (N=85). 

 

Inclusion Criteria 

• Adults aged ≥18 years. 

• Hemodialysis patients with at least 6 months of 

dialysis history. 

• Stable clinical status, with no major acute 

complications in the past month. 

Exclusion Criteria 

• Severe acute or chronic infections. 

• Active malignancy. 

• Severe liver dysfunction (e.g., cirrhosis). 

• Recent myocardial infarction or stroke. 

• Pregnancy. 

 

Clinical, Biochemical, And Cardiac Assessment 

Baseline demographic and clinical data, including age, sex, 

duration of hemodialysis, blood pressure, and comorbidities 

such as hypertension and diabetes mellitus, were recorded. 

Blood samples were collected before dialysis for biochemical 

analysis, which included parathormone (PTH), serum calcium, 

phosphorus, albumin, and B-type natriuretic peptide (BNP) 

levels. PTH was measured using an enzyme-linked 

immunosorbent assay (ELISA), with levels >65 pg/mL 

considered elevated. Serum calcium and phosphorus were 

determined using colorimetric assays, while BNP was 

analyzed using a high-sensitivity ELISA kit. 

Cardiac function was assessed using transthoracic 

echocardiography to measure left ventricular ejection fraction 

(LVEF) and detect left ventricular hypertrophy (LVH), defined 

as a left ventricular mass index >115 g/m² in men and >95 

g/m² in women. Carotid intima-media thickness (CIMT) was 

evaluated using ultrasound, and electrocardiography (ECG) 

was performed to assess cardiac rhythm abnormalities. 

Dialysis parameters, including dialysis vintage (total duration 

of dialysis in months) and dialysis adequacy (measured as 

Kt/V), were recorded. 

 

Data Collection 

Data were collected through structured patient interviews, 

clinical examinations, and medical record reviews. 

Demographic and clinical characteristics were obtained 

during patient visits, while laboratory parameters were 

analyzed using standard biochemical techniques. Cardiac 

function assessments were performed by trained cardiologists 

using echocardiography and ultrasound, ensuring consistency 

in measurements. Dialysis-related parameters were extracted 

from medical records, including dialysis duration and 

adequacy. All data were systematically recorded in a secure 

electronic database, with regular quality checks to ensure 

accuracy and completeness. 

 

Statistical Analysis 

Data analysis was conducted using SPSS software version 26 

(IBM Corporation, Armonk, NY). Continuous variables were 

presented as mean ± standard deviation (SD) or median 

(interquartile range), while categorical variables were 

expressed as frequencies and percentages. Comparisons 

between groups (elevated vs. normal PTH levels) were 

performed using the Student’s t-test for continuous variables 

and the chi-squared test for categorical variables. Univariate 

and multivariate logistic regression analyses were conducted 

to determine the association between PTH levels and cardiac 

dysfunction, adjusting for potential confounders such as age, 

gender, dialysis vintage, and comorbidities. Results were 

reported as odds ratios (OR) with 95% confidence intervals 

(CI), and a p-value <0.05 was considered statistically 

significant. 
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RESULT 

A total of 215 patients participated in this study. The mean 

age of participants with elevated iPTH was 59.1±10.8 years), 

compared to 57.2±11.6 years) for those with normal iPTH 

(p=0.321). The gender distribution was similar, with 64.62% 

of participants with elevated iPTH being male, compared to 

57.65% in the normal iPTH group (p=0.402). Dialysis duration 

was significantly longer for the elevated iPTH group (52.8 ± 

27.1 months) compared to the normal iPTH group (41.5±24.9 

months, p=0.012). The prevalence of hypertension was higher 

in the elevated iPTH group (86.15%) compared to the normal 

iPTH group (77.65%, p=0.098). Diabetes Mellitus was more 

prevalent in the elevated iPTH group (53.08%) than the 

normal iPTH group (38.82%, p=0.043) (Table I). Table II 

presented the cardiac dysfunction parameters based on iPTH 

levels. The mean Left Ventricular Ejection Fraction (LVEF) 

was significantly lower in participants with elevated iPTH 

(50.1±8.9) compared to the normal iPTH group (56.4±9.2, 

p<0.001). Left Ventricular Hypertrophy (LVH) was more 

common in the elevated iPTH group (70% compared to 48.2% 

with normal iPTH, p=0.002). BNP levels were significantly 

higher in the elevated iPTH group (511±230 pg/mL compared 

to 301±180 pg/mL with normal iPTH, p<0.001). Carotid 

Intima-Media Thickness (CIMT) was also significantly higher 

in the elevated iPTH group (0.89 ± 0.23 mm compared to 

0.74±0.19 mm with normal iPTH, p<0.001). Logistic 

regression showed a significant association between elevated 

iPTH and cardiac dysfunction (adjusted OR 2.34, p=0.012). 

Dialysis duration greater than 48 months was also associated 

with cardiac dysfunction (adjusted OR 1.82, p=0.028) (Table 

III). Table IV represented that biochemical and hemodialysis 

parameters showed that serum calcium was lower in the 

elevated iPTH group (8.1±0.8 mg/dL) compared to the normal 

iPTH group (8.8±0.7 mg/dL, p<0.001). Serum phosphorus was 

higher in the elevated iPTH group (5.5±1.3 mg/dL compared 

to 4.8±1.0 mg/dL with normal iPTH, p<0.001), as was the 

calcium-phosphorus product (45.9±10.1 mg²/dL² compared 

to 41.7±8.5 mg²/dL² with normal iPTH, p=0.004). Multivariate 

regression analysis found each 10 pg/mL increase in iPTH 

was associated with a decrease in LVEF (β = -0.28, p = 0.002) 

(Table V). Spearman’s correlation showed significant negative 

correlations between iPTH and LVEF (ρ = -0.46, p<0.001) and 

positive correlations with LVH, BNP, CIMT, phosphorus, and 

calcium-phosphorus product (Table VI). 

 

Table – I: Demographic and clinical characteristics of study population 
  

Variable iPTH Elevated (N=130) iPTH Normal (N=85) P-Value 

n % n % 

Age (years) 

Mean ± SD 59.1 ± 10.8 57.2 ± 11.6 0.321 

Gender 

Male 84 64.62 49 57.65 0.402 

Female 46 35.38 36 42.35 

Dialysis Duration (months) 

Mean ± SD 52.8 ± 27.1 41.5 ± 24.9 0.012 

Hypertension 112 86.15 66 77.65 0.098 

Diabetes Mellitus 69 53.08 33 38.82 0.043 

 

Table – II: Cardiac dysfunction parameters based on iPTH levels 
 

Cardiac Dysfunction Parameter iPTH Elevated (N=130) (Mean ± SD) iPTH Normal (N=85) (Mean ± SD) P-Value 

Left Ventricular Ejection Fraction (LVEF) 50.1 ± 8.9 56.4 ± 9.2 <0.001 

Left Ventricular Hypertrophy (LVH, %) 91 (70.00%) 41 (48.20%) 0.002 

B-Type Natriuretic Peptide (BNP, pg/mL) 511 ± 230 301 ± 180 <0.001 

Carotid Intima-Media Thickness (CIMT, mm) 0.89 ± 0.23 0.74 ± 0.19 <0.001 

 

Table – III: Association between elevated iPTH and cardiac dysfunction (Logistic Regression Analysis) 
 

Risk Factor Unadjusted OR (95% CI) Adjusted OR (95% CI) P-Value 

iPTH > 65 pg/mL 2.85 (1.61–4.98) 2.34 (1.21–4.53) 0.012 

Hypertension 1.79 (1.02–3.14) 1.45 (0.78–2.73) 0.189 

Diabetes Mellitus 1.52 (1.04–2.82) 1.38 (0.93–2.67) 0.213 

Dialysis Duration (>48 months) 2.11 (1.41–3.88) 1.82 (1.19–3.52) 0.028 

 

Table – IV: Biochemical and hemodialysis parameters of the study population 
 

Parameter iPTH Elevated (N=130) iPTH Normal (N=85) P-Value 

Serum Calcium (mg/dL) 8.1 ± 0.8 8.8 ± 0.7 <0.001 

Serum Phosphorus (mg/dL) 5.5 ± 1.3 4.8 ± 1.0 <0.001 

Calcium-Phosphorus Product (mg²/dL²) 45.9 ± 10.1 41.7 ± 8.5 0.004 

Serum Albumin (g/dL) 3.7 ± 0.5 4.1 ± 0.6 <0.001 

Dialysis Efficiency (Kt/V) 1.34 ± 0.22 1.41 ± 0.25 0.047 
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Table – V: Multivariate Linear Regression for Predictors of Left Ventricular Dysfunction (LVEF%) 

 

Predictor β-Coefficient Standard Error P-Value Adjusted R² 

iPTH Level (per 10 pg/mL increase) -0.28 0.09 0.002 0.31 

Age (per 1-year increase) -0.21 0.07 0.008  

Hypertension -2.34 1.12 0.044  

Serum Phosphorus (mg/dL) -0.91 0.28 0.003  

Dialysis Vintage (months) -0.15 0.04 0.001  

 

Table – VI: Spearman’s Correlation Between iPTH Levels and Cardiac Dysfunction Parameters 

 

Variable Spearman’s ρ P-Value 

Left Ventricular Ejection Fraction (LVEF, %) -0.46 <0.001 

Left Ventricular Hypertrophy (LVH, %) 0.41 <0.001 

B-Type Natriuretic Peptide (BNP, pg/mL) 0.48 <0.001 

Carotid Intima-Media Thickness (CIMT, mm) 0.39 <0.001 

Serum Calcium (mg/dL) -0.33 0.001 

Serum Phosphorus (mg/dL) 0.37 <0.001 

Calcium-Phosphorus Product (mg²/dL²) 0.36 <0.001 

Dialysis Duration (months) 0.25 0.009 

 

DISCUSSION 

Elevated parathyroid hormone (iPTH) levels have emerged as 

a significant risk factor for cardiac dysfunction in individuals 

undergoing hemodialysis. The relationship between 

parathyroid hormone (PTH) levels and cardiac dysfunction in 

individuals undergoing hemodialysis has garnered significant 

attention due to its potential implications for managing 

cardiovascular risk in this high-risk population. In our study, 

we examined 215 hemodialysis patients, with a focus on the 

effects of elevated intact parathyroid hormone (iPTH) levels 

on cardiac dysfunction. This study aimed a strong association 

between elevated iPTH and various markers of cardiac 

dysfunction, including left ventricular ejection fraction (LVEF), 

left ventricular hypertrophy (LVH), and serum biomarkers 

such as B-type natriuretic peptide (BNP) and carotid intima-

media thickness (CIMT). These findings suggest that iPTH 

could be a key risk factor for cardiac abnormalities in this 

cohort. The baseline characteristics of the two treatment 

groups were comparable, with a mean age of 59.1±10.8 years 

in the elevated iPTH group and 57.2±11.6 years in the normal 

iPTH group. In a similar study conducted by Li et al., the mean 

age of patients with elevated iPTH was 58.3 years, which is 

consistent with the age range observed in our study, 

suggesting that iPTH levels tend to increase with age, 

particularly in individuals with chronic kidney disease (CKD) 
[15]. Gender distribution was also comparable between groups, 

with 64.62% males in the elevated iPTH group and 57.65% in 

the normal iPTH group. In a study by Tan J et al., a male 

predominance was observed in hemodialysis patients, which 

is similar to the gender distribution in our STUDY 
[16].Furthermore, the elevated iPTH group had a significantly 

longer dialysis duration (52.8±27.1 months) compared to the 

normal iPTH group (41.5 ± 24.9 months, p=0.012), reflecting 

prolonged exposure to the metabolic abnormalities associated 

with CKD. This finding is in line with a study by Zhang et al., 

where longer dialysis duration was associated with increased 

iPTH levels and cardiovascular complications in hemodialysis 

patients [17]. Diabetes mellitus was more prevalent in the 

elevated iPTH group (53.08%) compared to the normal iPTH 

group (38.82%, p=0.043), consistent with prior research 

linking elevated iPTH levels with an increased risk of diabetes 

in hemodialysis patients [18]. The results of our study also 

demonstrated a clear link between elevated iPTH levels and 

the severity of cardiac dysfunction. Specifically, the mean 

LVEF was significantly lower in the elevated iPTH group 

(50.1±8.9) than in the normal iPTH group (56.4 ± 9.2, 

p<0.001). This is in line with previous findings suggested by 

Bollerslev J et al. that hyperparathyroidism is associated with 

adverse effects on cardiac function, particularly through 

mechanisms such as increased calcium-phosphate product 

and vascular calcification [19]. In our study, left ventricular 

hypertrophy (LVH) was more prevalent in the elevated iPTH 

group (70%) compared to the normal iPTH group (48.2%, 

p=0.002), which further supports the hypothesis that high 

iPTH levels contribute to structural cardiac changes, as LVH is 

a well-established marker of cardiac strain in dialysis patients 
[20]. B-type natriuretic peptide (BNP) levels, a marker of heart 

failure, were significantly higher in patients with elevated 

iPTH (511 pg/mL compared to 301 pg/mL, p<0.001). A study 

by Maisel et al., demonstrated that elevated BNP levels are 

commonly associated with heart failure and other forms of 

cardiac stress, and the increase in BNP seen in this cohort may 

reflect the subclinical cardiac dysfunction associated with 

elevated iPTH levels [21]. Similarly, carotid intima-media 

thickness (CIMT), a marker of atherosclerosis and vascular 

dysfunction, was significantly higher in patients with elevated 

iPTH (0.89 mm compared to 0.74 mm, p<0.001), further 

suggesting that elevated iPTH may contribute to the 

development of both myocardial and vascular dysfunction in 

this population [22]. Logistic regression analysis revealed that 

elevated iPTH (>65 pg/mL) was independently associated 

with an increased risk of cardiac dysfunction, with an adjusted 

odds ratio (OR) of 2.34 (95% CI: 1.21–4.53, p=0.012). This 

association remained significant after adjusting for other 

potential confounders, such as hypertension, diabetes 

mellitus, and dialysis duration. These findings corroborate 
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previous studies that have identified elevated iPTH as an 

independent risk factor for adverse cardiac outcomes in 

hemodialysis patients.23 Additionally, dialysis duration of 

more than 48 months was also significantly associated with 

cardiac dysfunction (adjusted OR: 1.82, 95% CI: 1.19–3.52, 

p=0.028), underscoring the role of long-term dialysis 

exposure in the development of cardiovascular complications 
[24]. Further analysis through multivariate linear regression 

confirmed that iPTH levels were a significant predictor of 

LVEF, with each 10 pg/mL increase in iPTH corresponding to 

a 0.28% decrease in LVEF (p=0.002). Other significant 

predictors of reduced LVEF included age, hypertension, serum 

phosphorus, and dialysis vintage. These results are consistent 

with literature suggesting that calcium-phosphate imbalances 

and PTH excess may directly contribute to cardiac dysfunction 

through both direct and indirect mechanisms [25]. Additionally, 

iPTH levels were negatively correlated with serum calcium 

(ρ=-0.33, p=0.001) and LVEF (ρ=-0.46, p<0.001), while being 

positively correlated with LVH (ρ=0.41, p<0.001), BNP 

(ρ=0.48, p<0.001), CIMT (ρ=0.39, p<0.001), and serum 

phosphorus (ρ=0.37, p<0.001), reinforcing the notion that 

iPTH acts as a central mediator of cardiovascular risk in 

hemodialysis patients. In terms of biochemical markers, the 

elevated iPTH group exhibited significantly lower serum 

calcium levels (8.1 mg/dL compared to 8.8 mg/dL, p<0.001) 

and higher serum phosphorus levels (5.5 mg/dL compared to 

4.8 mg/dL, p<0.001), both of which are known to contribute 

to vascular calcification and cardiac dysfunction in CKD 

patients [26]. The calcium-phosphorus product, an important 

indicator of calcification risk, was significantly higher in the 

elevated iPTH group (45.9 mg²/dL² compared to 41.7 

mg²/dL², p=0.004), further supporting the role of mineral 

imbalances in the pathogenesis of cardiovascular disease in 

this population. Additionally, the lower serum albumin levels 

and slightly reduced dialysis efficiency (Kt/V) observed in the 

elevated iPTH group may reflect poor nutritional status and 

suboptimal dialysis, both of which are recognized risk factors 

for cardiac dysfunction in dialysis patients [27]. 

 

LIMITATIONS OF THE STUDY  

Despite the valuable insights provided by this study, several 

limitations should be acknowledged. Firstly, the cross-

sectional design of the study limits the ability to establish 

causality between elevated iPTH levels and cardiovascular 

dysfunction. Longitudinal studies are needed to determine the 

long-term effects of iPTH on cardiovascular outcomes. 

Secondly, the sample size, while adequate for preliminary 

findings, may not be sufficiently large to capture all potential 

confounders or to generalize the results to a broader 

population of hemodialysis patients. Additionally, the study 

did not account for the potential impact of medications (such 

as calcium or phosphate binders) on iPTH levels and 

cardiovascular function, which could influence the observed 

associations. Furthermore, the lack of detailed data on 

nutritional status, physical activity, and other lifestyle factors 

may have contributed to residual confounding. Finally, the 

study was conducted in a single center, limiting the external 

validity of the results. 

 

CONCLUSION AND RECOMMENDATIONS 

In conclusion, our study demonstrates a significant 

association between elevated iPTH levels and adverse 

cardiovascular outcomes in hemodialysis patients. Elevated 

iPTH was linked to lower left ventricular ejection fraction 

(LVEF), higher left ventricular hypertrophy (LVH), increased 

B-type natriuretic peptide (BNP), and greater carotid intima-

media thickness (CIMT), suggesting a direct impact on both 

myocardial and vascular dysfunction. Additionally, longer 

dialysis duration, diabetes mellitus, and mineral imbalances 

(including lower serum calcium and higher phosphorus) were 

identified as contributing factors to cardiovascular risk. Our 

findings highlight the critical role of managing iPTH levels and 

optimizing dialysis adequacy to mitigate cardiac dysfunction 

in this population. These results support the need for 

strategies aimed at controlling mineral metabolism and 

improving dialysis efficiency to improve long-term 

cardiovascular outcomes in hemodialysis patients. Further 

research is required to explore potential therapeutic 

interventions targeting elevated iPTH to prevent 

cardiovascular complications in this high-risk group. 
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