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ABSTRACT

Introduction: Left ventricular hypertrophy (LVH) is highly prevalent in patients with end-stage renal disease
(ESRD) and is a major predictor of cardiovascular morbidity and mortality. Secondary hyperparathyroidism has
been proposed as a contributing factor, but its relationship with cardiac remodeling remains inconsistent.
Objective: To evaluate the association between parathyroid hormone (PTH) levels and left ventricular
hypertrophy, as measured by left ventricular mass index (LVMI) or LVH prevalence, in patients undergoing
dialysis.

Methods: A systematic review was conducted following PRISMA guidelines. Literature searches were performed
in PubMed, Cochrane Library, and ScienceDirect. Seven observational studies involving 373 hemodialysis
patients were included. Data on PTH levels, LVMI, LVH prevalence, and echocardiographic parameters were
extracted and analyzed qualitatively.

Results: Most studies demonstrated a positive association between PTH and LVMI, with reported correlations
ranging from r = 0.31 to 0.44, and up to r = 0.71 in patients with established LVH. Elevated PTH levels were
consistently higher in patients with LVH compared to those without. A threshold effect was observed, with
significant associations primarily at higher PTH levels (>300-500 pg/mL). Additionally, PTH was linked to
diastolic dysfunction and interacted with calcium—phosphorus metabolism and anemia in influencing cardiac
remodeling.

Discussion: PTH appears to act as a disease amplifier in uremic cardiomyopathy, contributing to both structural
and functional cardiac changes. Its effects are non-linear and modulated by metabolic and hemodynamic factors,
which may explain variability across studies.

Conclusion: Elevated PTH is associated with LVH in dialysis patients, particularly at higher levels, supporting
its role in cardiovascular remodeling. Targeted management of secondary hyperparathyroidism may help mitigate
cardiovascular risk in this population.
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INTRODUCTION hypertension and volume overload, as well as non-

traditional uremia-related mechanisms.

In recent years, increasing attention has been
directed toward the role of mineral and bone
disorder in chronic kidney disease (CKD-MBD),

Cardiovascular disease remains the leading
cause of morbidity and mortality in patients with
end-stage renal disease (ESRD), accounting for a
disproportionately high burden of adverse outcomes

compared to the general population.! Among the
spectrum of cardiovascular complications, left
ventricular hypertrophy (LVH) is particularly
prevalent, affecting up to 70-80% of patients
undergoing maintenance hemodialysis and serving
as a strong independent predictor of cardiovascular
events and all-cause mortality.>? The development
of LVH in this population is multifactorial,
involving traditional risk factors such as
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particularly secondary hyperparathyroidism, as a
potential contributor to cardiovascular remodeling.*
Parathyroid hormone (PTH), beyond its classical
role in calcium—phosphorus homeostasis, has been
implicated in the pathogenesis of myocardial
hypertrophy  through  direct and indirect
mechanisms. Experimental and clinical studies
suggest that elevated PTH promotes cardiomyocyte
hypertrophy, interstitial fibrosis, and disturbances in
intracellular calcium handling, ultimately leading to
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structural and functional alterations of the left
ventricle.>¢

Additionally, abnormalities in calcium—
phosphorus metabolism frequently coexist with
elevated PTH levels and may further exacerbate
cardiovascular injury. Hyperphosphatemia and
increased calcium—phosphorus product have been
associated with vascular calcification, arterial
stiffness, and adverse cardiac remodeling, thereby
amplifying the cardiovascular risk profile of dialysis
patients.”® These metabolic disturbances often
interact synergistically, making it difficult to isolate
the independent contribution of PTH to LVH.

Despite growing evidence, the clinical
relationship between PTH levels and LVH in
patients undergoing dialysis remains inconsistent.
Some studies have demonstrated a clear positive
association between elevated PTH and increased left
ventricular mass, while others have reported weak,
non-significant, or even paradoxical relationships,
particularly when accounting for confounding
factors such as blood pressure, anemia, and dialysis
duration.’ Furthermore, emerging data suggest that
the effect of PTH on cardiac remodeling may not be
linear, but rather dependent on threshold levels and
the underlying myocardial adaptation state.'?

This variability highlights an important gap
in the current understanding of uremic
cardiomyopathy. Specifically, it remains unclear
whether PTH acts as an independent driver of LVH,
a cofactor that amplifies existing cardiovascular
stressors, or a marker of broader metabolic
dysregulation. Clarifying this relationship is
clinically relevant, as targeted management of
secondary hyperparathyroidism may offer a
potential strategy to mitigate cardiovascular risk in
ESRD patients.

Therefore, this systematic review aims to
evaluate the association between parathyroid
hormone levels and left ventricular hypertrophy, as
measured by left ventricular mass index (LVMI) or
LVH prevalence, in patients undergoing dialysis. In
addition, this study seeks to explore the interplay
between PTH, mineral metabolism, and other
clinical factors in shaping cardiac remodeling
patterns in this high-risk population.

METHODS

Study Design and Reporting

This study was conducted as a systematic
review to evaluate the association between
parathyroid hormone (PTH) levels and Ileft
ventricular  hypertrophy (LVH) in patients
undergoing dialysis. The review was performed in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, ensuring transparency and
reproducibility throughout the study selection and
reporting process.
Search Strategy
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A comprehensive literature search was
conducted across three electronic databases:
PubMed, Cochrane Library, and ScienceDirect. The
search strategy combined keywords related to
parathyroid hormone, cardiac structural outcomes,
and dialysis populations. The following Boolean
structure was applied:

(“parathyroid hormone” OR PTH OR
hyperparathyroidism) AND (“left ventricular
hypertrophy” OR LVH OR “left ventricular mass”
OR LVMI) AND (“hemodialysis” OR dialysis OR
ESRD).

The search was designed to capture studies
reporting both hypertrophic (LVH prevalence) and
morphometric (LVMI) cardiac outcomes. No field
restrictions were applied, and the search was limited
to studies published in English. The final search
results yielded a total of 1,075 records across all
databases.

Eligibility Criteria
Studies were included if they met the following
criteria:

(1) involved adult patients with end-stage
renal disease undergoing dialysis;

(2) evaluated parathyroid hormone (PTH)
levels as an exposure variable;

(3) reported left ventricular hypertrophy
(LVH) or left ventricular mass index (LVMI)
assessed by echocardiography; and

(4) used observational or comparative study
designs, including cross-sectional, cohort, or case—
control studies.

Studies were excluded if they involved non-
dialysis populations, pediatric patients, or lacked
extractable data on PTH and cardiac outcomes.
Studies focusing on unrelated interventions or with
inappropriate participant characteristics were also
excluded.

Study Selection

All identified records were screened
independently based on title and abstract. A total of
1,075 records were initially screened, of which
1,066 were excluded due to irrelevance. Nine
duplicate records were identified and removed. The
remaining eight articles underwent full-text
assessment for eligibility. One study was excluded at
this stage due to inappropriate participant
characteristics and intervention regimen. Ultimately,
seven studies met the inclusion criteria and were
included in the qualitative synthesis.

Data Extraction

Data were extracted using a standardized
table as per the predefined format. Extracted
variables included: first author and publication year,
country, study design, sample size, patient
characteristics, dialysis modality, PTH measurement
method, LVH assessment criteria, LVMI values,
LVH prevalence, key statistical findings, and
adjusted variables where available.
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Both continuous outcomes (LVMI) and
dichotomous outcomes (LVH prevalence) were
recorded. When available, correlation coefficients,
regression results, and group comparisons were
extracted to facilitate comprehensive synthesis.
Outcome Measures

The primary outcomes were:

(1) left ventricular hypertrophy (LVH),
defined based on echocardiographic criteria; and

(2) left ventricular mass index (LVMI),
expressed in g/m?.

Secondary outcomes included measures of
cardiac function, such as ejection fraction (EF) and
diastolic function parameters, when reported.
Additional variables related to mineral metabolism,
including calcium and phosphorus levels, were also
considered in the qualitative synthesis.

Risk of Bias Assessment

The methodological quality of included
studies was assessed using a design-appropriate
approach, focusing on selection bias, measurement
validity, and control of confounding variables.
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Given that most included studies were observational
in nature, particular attention was paid to the
presence of adjusted analyses and the consistency of
outcome definitions.

In accordance with the predefined criteria of
this review, the overall risk of bias for included
studies was categorized as low to moderate, with no
studies classified as high risk of bias.

Data Synthesis

Due to heterogeneity in study design, PTH
categorization, and outcome reporting, a
quantitative meta-analysis was not performed.
Instead, a narrative synthesis approach was used to
summarize findings across studies.

The qualitative synthesis focused on
identifying patterns in the relationship between PTH
and cardiac remodeling, including correlation
strength, threshold effects, interaction with clinical
variables, and differences in structural versus
functional outcomes. Particular attention was given
to consistency of findings and potential sources of
heterogeneity across studies.
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RESULTS

Study Selection

A total of 1,075 records were identified through
database searching, including 334 from PubMed, 50
from the Cochrane Library, and 691 from
ScienceDirect. After title and abstract screening, 1,066
records were excluded due to irrelevance. Nine
duplicate records were identified and removed. Eight
full-text articles were assessed for eligibility, of which
one study was excluded due to inappropriate
participant characteristics and intervention regimen.
Ultimately, seven studies were included in the
qualitative synthesis.

Characteristics of Included Studies

The seven included studies were published
between 1987 and 2021 and comprised a total of 373
patients undergoing maintenance hemodialysis. All
studies employed observational designs,
predominantly cross-sectional analyses, with one
prospective cohort study.

Geographically, the studies were conducted
across diverse regions, including Europe (Bosnia,
Poland, France), the Middle East (Iran), Asia (Japan),
and Africa (Egypt), reflecting a broad representation
of dialysis populations.

All studies focused exclusively on patients
receiving hemodialysis, with no eligible studies
directly comparing peritoneal dialysis populations.
Sample sizes ranged from 22 to 81 participants, with
mean ages generally between 40 and 60 years.

Parathyroid hormone (PTH) Ilevels were
assessed using standard biochemical assays and
analyzed either as continuous variables or stratified
into categorical groups based on predefined
thresholds. Left ventricular hypertrophy (LVH) was
evaluated using echocardiography in all studies, with
left ventricular mass index (LVMI) as the primary
quantitative parameter. Diagnostic thresholds for LVH
were largely consistent across studies, typically
defined as LVMI >100 g/m? in women and >131 g/m?
in men.

Association Between PTH and Left Ventricular
Hypertrophy

Across the included studies, a consistent
relationship between elevated PTH levels and left
ventricular structural changes was observed, although
the strength and nature of this association varied.

Several studies demonstrated a significant
positive correlation between PTH and LVMI,
indicating that higher PTH levels are associated with
increased left ventricular mass. For instance, moderate
correlations were reported in multiple cohorts (r =
0.31-0.44), with stronger associations observed in
subgroups of patients already exhibiting LVH. In one
study, the correlation between PTH and LVMI was
markedly higher among patients with established

IJDDT Volume 16 Issue 79s 2026

hypertrophy (r = 0.71), suggesting that PTH may act
as a potentiating factor in advanced cardiac
remodeling rather than as an initial trigger.

In addition, studies employing categorical
comparisons consistently showed higher PTH levels in
patients with LVH compared to those without,
reinforcing the association between secondary
hyperparathyroidism and myocardial hypertrophy.
Threshold and Dose-Dependent Effects of PTH

Notably, the relationship between PTH and
LVH appeared to be non-linear and dose-dependent.
Evidence from subgroup analyses indicated that the
impact of PTH becomes more pronounced at higher
concentrations.

One study reported no significant association
between PTH and LVMI in the overall population;
however, when patients with markedly elevated PTH
levels (>500 pg/mL) were analyzed separately, a
significant increase in LVMI and interventricular
septal thickness was observed. Similarly, another
study demonstrated that correlations between PTH and
LVMI were significant only in patients with high PTH
levels, while no association was found in those with
lower concentrations. These findings suggest the
presence of a threshold effect, whereby PTH
contributes to cardiac remodeling primarily when
levels exceed a certain pathological range.
Independent Predictive Role of PTH

Beyond simple correlation, one study
demonstrated that PTH remained an independent
predictor of LVMI after adjustment for potential
confounders, including age, hemoglobin, body mass
index, and blood pressure. This finding supports a
more direct role of PTH in the pathogenesis of left
ventricular hypertrophy, independent of traditional
cardiovascular risk factors.

However, not all studies confirmed this
independence. In some cohorts, the association
between PTH and LVH diminished after accounting
for hemodynamic variables such as hypertension and
volume status, highlighting the multifactorial nature of
cardiac remodeling in dialysis patients.

Interaction with Other Risk Factors

The qualitative synthesis revealed that PTH
does not act in isolation but interacts with multiple
metabolic and clinical factors. Anemia emerged as a
consistent co-contributor, with inverse correlations
observed between hemoglobin levels and LVMI. This
suggests that reduced oxygen-carrying capacity may
synergistically exacerbate myocardial hypertrophy
alongside elevated PTH.

Disturbances in calcium—phosphorus
metabolism also played a significant role. Several
studies demonstrated associations between serum
phosphorus levels and LVMI, as well as between
calcium—phosphorus product and impaired diastolic
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function. These findings indicate that secondary
hyperparathyroidism,  hyperphosphatemia, and
mineral imbalance collectively contribute to adverse
cardiac remodeling.

Structural Versus Functional Cardiac Effects

In addition to structural changes, several
studies evaluated the impact of PTH on cardiac
function. Elevated PTH levels were associated with
impaired left ventricular performance, particularly
reduced ejection fraction and diastolic dysfunction.

Significant correlations were observed between
PTH and parameters of diastolic function, including
the E/A ratio, suggesting that PTH-mediated
myocardial fibrosis and calcium overload may impair
ventricular relaxation. Moreover, inverse relationships
between PTH and ejection fraction were reported in
specific subgroups, indicating potential effects on
systolic function.

Heterogeneity of Cardiac Remodeling Patterns

An important finding from the qualitative
synthesis was the heterogeneity in cardiac remodeling
patterns associated with PTH. While most studies
supported a hypertrophic effect of elevated PTH, one
study demonstrated an  alternative  pattern
characterized by inadequate or maladaptive
hypertrophy, where patients with severe secondary
hyperparathyroidism  exhibited  reduced  left
ventricular mass relative to hemodynamic load. This
suggests that excessive PTH may impair normal
compensatory myocardial adaptation, leading to
structurally inefficient remodeling.

This variability highlights the complexity of
PTH-related cardiac effects and may explain
inconsistencies across studies.

Summary of Qualitative Synthesis

Overall, the evidence indicates that elevated
PTH levels are associated with left ventricular
hypertrophy and altered cardiac structure in patients
undergoing hemodialysis. The relationship appears to
be:

e Positive and clinically significant,
particularly at higher PTH levels
e Dose-dependent, with stronger effects

observed  beyond  pathological
thresholds

e  Multifactorial, influenced by anemia,
mineral metabolism, and

hemodynamic factors
e Heterogeneous, encompassing both
adaptive hypertrophy and maladaptive
remodeling patterns
These findings support a central role of
secondary hyperparathyroidism in the
pathophysiology of uremic cardiomyopathy, while
also emphasizing the need to consider interacting
metabolic and clinical variables.
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DISCUSSION

Interpretation of Findings

This systematic review demonstrates that
elevated parathyroid hormone (PTH) levels are
consistently associated with alterations in left
ventricular ~ structure in  patients undergoing
hemodialysis, although the magnitude and direction of
this relationship vary across studies. Most included
studies reported a positive association between PTH
and left ventricular mass index (LVMI), supporting the
hypothesis that secondary hyperparathyroidism
contributes to myocardial hypertrophy. However, the
strength of this relationship appeared to be context-
dependent, with stronger correlations observed in
patients with established left ventricular hypertrophy
(LVH) or markedly elevated PTH levels.

Importantly, the findings suggest that PTH may
function more as a disease amplifier rather than a
primary initiator of LVH. In several cohorts, PTH—
LVMI correlations were absent in patients with normal
cardiac structure but became significant in those with
pre-existing hypertrophy. This indicates that PTH
likely exacerbates ongoing myocardial remodeling
rather than independently triggering its onset.
Comparison with Previous Studies

The relationship between PTH and
cardiovascular remodeling in chronic kidney disease
has been increasingly recognized, yet remains
incompletely defined. Previous large-scale analyses
have demonstrated that CKD-related mineral and bone
disorder (CKD-MBD) plays a central role in
cardiovascular  pathology, particularly through
mechanisms involving vascular calcification and
myocardial fibrosis.*® The findings of this review are
consistent with these broader observations, reinforcing
the role of PTH as part of a complex metabolic axis
influencing cardiac structure.

However, the heterogeneity observed across
included studies aligns with prior reports suggesting
that the association between PTH and LVH is not
uniformly linear.” While some studies support a direct
hypertrophic effect of PTH, others indicate that its
impact is modulated by coexisting clinical factors such
as hypertension, anemia, and volume status. This
variability underscores the multifactorial nature of
uremic cardiomyopathy.

Dose-Dependent and Threshold Effects

A key finding of this review is the presence of
a  dose-dependent and  threshold-dependent
relationship between PTH and LVH. Evidence from
subgroup analyses indicates that the association
becomes clinically significant primarily at higher PTH
concentrations. Patients with markedly elevated PTH
levels demonstrated significantly increased LVMI and
myocardial wall thickness, whereas those with lower
levels showed weaker or absent associations.
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This non-linear pattern may explain
inconsistencies in prior studies and suggests that PTH-
related cardiotoxicity manifests predominantly in
advanced secondary hyperparathyroidism. Such
findings are supported by previous research indicating
that severe disturbances in CKD-MBD are required to
produce measurable structural cardiac changes.’
Pathophysiological Mechanisms

The mechanisms linking PTH to left ventricular
remodeling are likely multifactorial. Experimental
studies have demonstrated that PTH exerts direct
trophic effects on cardiomyocytes, promoting
hypertrophy and increasing intracellular calcium
influx, which may disrupt excitation—contraction
coupling.® In addition, PTH stimulates cardiac
fibroblast activation, leading to interstitial fibrosis and
increased myocardial stiffness.

Furthermore, elevated PTH levels are closely
associated with abnormalities in calcium—phosphorus
metabolism, which themselves contribute to
cardiovascular injury. Hyperphosphatemia and
increased calcium—phosphorus product have been
linked to vascular calcification, arterial stiffness, and
increased cardiac afterload.”® These factors may act
synergistically with PTH to accelerate cardiac
remodeling.

Recent evidence also highlights the interplay
between PTH and other hormonal mediators, such as
fibroblast growth factor-23 (FGF-23), which has been
independently associated with LVH and adverse
cardiovascular outcomes in CKD patients. Together,
these findings suggest that PTH operates within a
broader endocrine network influencing cardiovascular
structure.

Structural Versus Functional Cardiac Effects

Beyond structural remodeling, several studies
included in this review demonstrated associations
between PTH and impaired -cardiac function,
particularly  diastolic ~ dysfunction.  Correlations
between PTH and parameters such as the E/A ratio
suggest that elevated PTH contributes to reduced
ventricular compliance, likely mediated by myocardial
fibrosis and calcium overload.

However, the relationship between PTH and
systolic function appears less consistent. While some
studies reported inverse associations between PTH and
ejection fraction, others found no significant
relationship after adjusting for confounders. This
discrepancy may reflect differences in patient
populations, disease severity, and methodological
approaches.

Heterogeneity and Maladaptive Remodeling

An important observation from this review is
the heterogeneity in cardiac remodeling patterns
associated with PTH. While most studies support a
hypertrophic effect, some evidence suggests that
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excessive PTH may lead to maladaptive or inadequate
hypertrophy, characterized by impaired myocardial
adaptation relative to hemodynamic load.

This concept of maladaptive remodeling has
been described in uremic cardiomyopathy and may
reflect advanced myocardial injury, where structural
changes no longer confer functional benefit.'"'?> Such
findings highlight the complexity of PTH-related
cardiac effects and suggest that its role may evolve
across different stages of disease progression.
Clinical Implications

The findings of this review have important
clinical implications. Given the association between
elevated PTH and adverse cardiac remodeling,
effective management of secondary
hyperparathyroidism may represent a potential
strategy to reduce cardiovascular risk in dialysis
patients. Current therapeutic approaches, including
vitamin D analogs and calcimimetics, have been
shown to modulate PTH levels and may influence
cardiac outcomes.!"!13

However, the non-linear and context-dependent
nature of the PTH-LVH relationship suggests that
treatment strategies should be individualized, taking
into account the severity of hyperparathyroidism and
the presence of coexisting risk factors. Early
intervention before the development of advanced
myocardial remodeling may be particularly
beneficial. 1313
Limitations

Several limitations should be acknowledged.
First, all included studies were observational in design,
limiting the ability to infer causality. Second,
substantial heterogeneity existed in PTH measurement
methods, categorization thresholds, and outcome
definitions, which precluded quantitative meta-
analysis. Third, many studies lacked adjustment for
key confounders, including blood pressure, volume
status, and anemia.

Additionally, the absence of studies involving
peritoneal dialysis limits the generalizability of
findings across different dialysis modalities. Finally,
the relatively small sample sizes in several studies may
have reduced statistical power.

Future Directions

Future research should focus on large-scale
prospective studies to clarify the causal role of PTH in
cardiac remodeling. Standardization of PTH
measurement and LVH assessment is also needed to
improve comparability across studies. Moreover,
interventional trials evaluating the impact of PTH-
lowering therapies on cardiac structure and function
would provide valuable insights into potential
therapeutic benefits. Exploration of the interaction
between PTH and other hormonal mediators, such as
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FGF-23, may further enhance understanding of the
complex pathophysiology of uremic cardiomyopathy.

CONCLUSION

Elevated parathyroid hormone (PTH) levels are
associated with left ventricular hypertrophy (LVH)
and increased left ventricular mass index (LVMI) in
patients undergoing hemodialysis. The relationship
appears to be dose-dependent and more pronounced in
patients with advanced secondary
hyperparathyroidism  or  established  cardiac
remodeling. PTH likely contributes to myocardial
hypertrophy through multifactorial mechanisms
involving calcium—phosphorus imbalance, myocardial
fibrosis, and intracellular calcium dysregulation.
However, the effect is heterogeneous and influenced
by coexisting factors such as hypertension and anemia.
These findings support the role of secondary
hyperparathyroidism as an important contributor to
uremic cardiomyopathy and highlight the potential
value of targeted PTH control in reducing
cardiovascular risk in dialysis patients.
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