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Abstract: Circulating parathyroid hormone (PTH) concentrations increase in heart failure (HF) and
are related to disease severity. The relationship between PTH and congestion is still a matter of debate.
The objective of this analysis was to evaluate the role of PTH as a marker of congestion and prognosis
in HF. We enrolled 228 patients with HE. Intact PTH concentrations and HYDRA score (constituted
by: B-type natriuretic peptide, blood urea nitrogen—creatinine ratio, estimated plasma volume status,
and hydration status) were evaluated. The study endpoint was all-cause mortality. PTH levels
were higher in acute compared with chronic HF and in patients with clinical signs of congestion
(i.e., peripheral oedema and orthopnea). PTH concentrations significantly correlated with NYHA
class and HYDRA score. At multivariate analysis of HYDRA score, estimated glomerular filtration
rate (eGFR), and corrected serum calcium were independently determinants of PTH variability. Fifty
patients (22%) died after a median follow-up of 408 days (interquartile range: 283-573). Using
univariate Cox regression analysis, PTH concentrations were associated with mortality (hazard ratio
[HR]: 1.003, optimal cut-off: >249 pg/mL—area under-the-curve = 0.64). Using multivariate Cox
regression analysis, PTH was no longer associated with death, whereas HYDRA score, left ventricular
ejection fraction, and eGFR acted as independent predictors for mortality (HR: 1.96, 0.97, and 0.98,
respectively). Our study demonstrated that intact PTH was related to clinical and subclinical markers
of congestion. However, intact PTH did not act as an independent determinant of all-cause death in
HF patients.

Keywords: heart failure; BIVA; BNP; PTH; prognosis; HYDRA score; congestion

1. Introduction

The parathyroid hormone (PTH) is one of the most important regulators of bone
and mineral metabolism, mainly acting on calcium, phosphorus, and vitamin D reab-
sorption and excretion from bones, kidney, and gut [1]. The cardiovascular system is
a target organ for PTH. Literature shows the influence of PTH on promotion of cardiac
remodelling and fibrosis, cardiomyocytes hypertrophy, oxidative stress, increased activa-
tion of renin-angiotensin-aldosterone system (RAAS), arterial stiffness, and endothelial
dysfunction [1-4].
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The relationship between PTH and heart failure (HF) has been pointed out according to
current evidence [5-8]. PTH has already been associated with cardiovascular and all-cause
mortality in HF patients [9].

Intact PTH values > 65 pg/mL seemed to be associated with a 50% increased risk
in incident HF in the Multi-Ethnic Study of Atherosclerosis (MESA) [10]. Data showed
an increased rate of HF hospitalization in patients with higher PTH plasma levels [5,6],
whereas decreased PTH concentrations might reduce HF exacerbation [11]. Specifically, a
meta-analysis by Meng et al. demonstrated that higher PTH plasma concentrations were
independently associated with HF decompensation [8]. On the other hand, Sugimoto et al.
observed that baseline low-normal PTH values in patients with acute onset HF were related
to all-cause death [12]. Therefore, PTH might be considered as a potential risk biomarker for
HF onset and development, as well as for the overall survival of patients with HF [13,14].

Nevertheless, the in-depth evaluation of the possible association of PTH with con-
gestion status in HF is still a matter of debate and there is scarce evidence in the current
literature. Higher PTH plasma concentrations were related to worse New York Heart
Association (NYHA) class [5,15-19], the increase in N-terminal Pro-B-Type Natriuretic
Peptide (NT-pro BNP) [5,7,15-17,19-21] and BNP [19,21,22], the severity of lower extremity
oedema [23], augmentation in pulmonary capillary wedge pressure, and reduction of stroke
volume index/cardiac index [24]. No data actually exist about the possible link to other
well-established congestion biomarkers in HF such as those derived from bioimpedance
vector analysis (BIVA), intravascular signs of congestion such as plasma volume status,
and/or venous markers of congestion such as blood urea nitrogen to creatinine ratio
(BUN/Cr ratio) [25].

The aims of the present study were to evaluate the relationship between PTH and
congestion biomarkers of HF and to consider the impact of PTH plasma concentrations on
the overall prognosis of patients with both acute (AHF) and chronic (CHF) HE.

2. Materials and Methods
2.1. Study Populations

We enrolled 228 consecutive HF patients who were admitted to the Cardiology Unit of
Hospital of Altamura-Bari (Italy) between January 2010 and November 2013 due to acute
decompensation (AHF) or because they were followed-up as outpatients (CHF).

We collected clinical characteristics, blood chemistry data, BIVA, and pharmacological
treatments from all patients. Left ventricular ejection fraction (LVEF) was calculated
by means of echocardiography (Simpson’s method). BNP levels were assessed using a
microparticle enzyme immunoassay (Architect, Abbott Park, IL, USA). The intra- and
inter-assay variability coefficients ranged from 0.9% to 5.6% and 1.7% to 6.7%, respectively.
Serum creatinine was measured with a Beckman Coulter AU 680 chemistry analyser. Intact
serum PTH was determined by Electro-ChemiLuminescence Immunoassay Kit (Roche
Diagnostics, Mannheim, Germany), with a normal range of 15-65 pg/mL and an inter-assay
coefficient of variation ranging from 5.7 to 6.3%. All of these measurements were performed
as a routine evaluation of the patients admitted to our department.

Inclusion criteria were: diagnosis of AHF or CHF, age > 18 years old, and willingness
to be included in the study. Specifically, CHF was defined in case of the presence of specific
signs (i.e., elevated jugular venous pressure, pulmonary crackles, and peripheral oedema)
and symptoms (i.e., breathlessness, ankle swelling, and fatigue); echocardiographic features
for definition of the type of CHF were adopted in relation to international guidelines [26].
Patients with AHF were defined in case of acute onset of signs and symptoms of HF which
forced the need for urgent referral to the Emergency Department and access to intensive
care units [26].

We considered as exclusion criteria all acute conditions, such as myocarditis, pericardi-
tis, pulmonary embolism, acute coronary syndrome, and recent cardiac surgery interven-
tion. We also excluded patients with cancer, end-stage kidney failure and /or haemodialysis,
primary hyperparathyroidism, and systemic inflammatory diseases.
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Patients were considered as suffering from coronary artery diseases if they experi-
enced previous myocardial infarction and/or coronary revascularization (percutaneous
and/or surgical revascularization); diabetes was defined as cases of fasting plasma glucose
level > 126 mg/dL or use of antidiabetics, whereas hypertension was identified by blood
pressures higher than 140/90 mmHg.

The primary endpoint was all-cause mortality which was ascertained from available
medical records or National Death Records.

The study complied with the Declaration of Helsinki and was approved by the local
Institutional Review Board. Written informed consent was obtained from each patient at
inclusion (protocol n. 0081801 /CE-29 October 2015, study number: 4816).

2.2. Corrected Serum Calcium

To correct serum calcium concentration levels, we used the following equation: cor-
rected calcium = total calcium (in mg/dL) + 0.8 x (4 — serum albumin [in g/dL]) [27].

2.3. Creatinine-Based Estimated Glomerular Filtration Rate (eGFR) Formula

We calculated estimated GFR using the Cockroft-Gault formula (mL/min/1.73 m?)
as (140 — age in years) x (weight in Kg)/(72 X serum creatinine in mg/dL) x 0.85
(if female) [28]. According to the stages defined by the clinical guidelines of the Na-
tional Kidney Foundation, the patients were categorized into four groups according
to eGFR: <30 mL/min/1.73 m?%, 30-59 mL/min/1.73 m?, 60-90 mL/min/1.73 m2, and
>90 mL/min/1.73 m?.

2.4. BUN to Creatinine Ratio

BUN and serum creatinine were measured with a Beckman Coulter AU 680 chemistry
analyser. The BUN/Cr median value in the general population is 15.0 (interquartile range
[IQR]: 12.9-17.6) [29]. Evidence suggested that higher values of the BUN/Cr ratio are
associated with “venous” congestion [30].

2.5. Estimated Plasma Volume Status

ePVS (dL/g) was calculated from haematocrit and haemoglobin values at admission
using the Strauss-Duarte formula: (100 — haematocrit in %)/haemoglobin (in g/dL) [31].

2.6. Hydration Status Estimated by Bioimpedance Vector Analysis

BIVA was assessed on the right side of the body using tetrapolar impedance plethys-
mography that emitted a 50 kHz alternating sinusoidal current (CardioEFG, Akern RJL Sys-
tems, Florence, Italy) [32,33]. The instrument was calibrated each day by using a standard
resistor supplied by the manufacturer (resistance [R] = 380 Ohm, reactance [Xc] = 47 Ohm,
1% error).

The two vector components, R and Xc, of BIVA were recorded and divided by the
subject’s height. (R/Xc graph). The results were visualized as a BIVA-derived hydration
percentage (hydration index, HI%). This value was calculated by an equation that used two
components, R and Xc (Bodygram 1.4, Akern RJL Systems, Florence, Italy). The normal
values are in the range between 72.7% and 74.3%, corresponding to the 50th percentile of
the R/Xc graph [32].

2.7. Hydra Score

We previously demonstrated the prognostic ability of four markers related to the differ-
ent components of congestion in HF: BNP (“haemodynamic” congestion), ePVS (“intravas-
cular” congestion), hydration index BIVA-derived (“peripheral” hydration), and BUN/Cr
(“venous” congestion). A simple score was generated based on the number of different ele-
vated parameters of congestion: BNP > 441 pg/mL, BUN/Cr > 25, Duarte-PVS > 5.3dL/g
and Hydration > 73.8% that we called the HYDRA score (range from 0 to 4) [25].
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2.8. Statistical Analysis

Categorical variables were presented as percentage (%), and continuous variables
were expressed as the mean and standard error of mean (SEM). Comparisons between
two groups were performed with Student’s t-test or the Mann—-Whitney U-test where
appropriate. One-way analysis of variance (ANOVA) was used when comparisons were
performed among more than two groups. The Spearman’s rho correlation coefficient was
used to analyse the correlation between PTH levels and other variables. Multivariate
regression analysis was utilized in order to assess the determinants of PTH levels. Receiver-
operating characteristic (ROC) curve analysis was performed to calculate the area under
the curve (AUC) values, and the optimal cut-off values for mortality were calculated as the
point of maximum sensitivity and specificity.

Univariate and multivariate Cox proportional hazards regression models with esti-
mations of hazard ratios (HR) and 95% confidence intervals (95% CI) were performed
to evaluate the impact of variables on mortality. p-Values below 0.05 were defined as
statistically significant.

Statistical analysis was performed using STATA software, version 12 (StataCorp,
College Station, Tex, College Station, TX, USA).

3. Results

Two hundred and twenty-eight patients (mean age: 75 £ 0.7 years, 127 suffering
with CHF and 101 with AHF) were included in this study. Table 1 summarizes the main
characteristics of the study population.

Figure 1 demonstrates the variations in PTH plasma concentrations in patients with
AHF and CHF (Figure 1A) and in relation to NYHA class (Figure 1B).

Patients with AHF showed significantly higher PTH plasma levels compared with
uncongested patients.

These results were in line with the overt expression of clinical signs of congestion:
patients with peripheral oedema or orthopnoea had higher levels of PTH compared with
those who did not experience such signs (Figure 2A,B).
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Figure 1. (A) Differences in parathyroid hormone (PTH) plasma concentrations between patients with
acute (AHF) and chronic heart failure (CHF). (B) Relationship between PTH plasma concentrations
and NYHA functional class (NYHA II: n = 100, NYHA III: n = 68, NYHA IV: n = 60). Data are
expressed as mean =+ standard error of mean.
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Figure 2. Relationship between intact parathyroid hormone (PTH) plasma concentrations and periph-
eral oedema (“no” peripheral oedema: n = 170, “yes” peripheral oedema: n = 58) (A) or orthopnoea
(“no” orthopnoea: n = 171, “yes” orthopnoea: n = 57) (B). Data are expressed as mean =+ standard
error of mean.

In addition, PTH levels significantly correlated to BNP levels (rtho = 0.43), BUN/Cr
(rho = 0.17), ePVS (rho = 0.23), and hydration status (rho = 0.43). At multivariate regres-
sion analysis, HYDRA score, corrected serum calcium, and eGFR remained significantly
associated to PTH plasma levels (r = 0.33, r = —0.23 and r = —0.21, respectively, p < 0.01
for all). Nevertheless, PTH levels were correlated to HYDRA score (r = 0.28, p< 0.001),
corrected serum calcium (r = —0.44, p < 0.001), and eGFR (r = —0.24, p < 0.001) in patients
with AHF, whereas only HYDRA score remained significantly correlated to PTH plasma
levels in patients with CHF (r = 0.27, p < 0.001).

We evaluated the correlation between PTH and HYDRA score—which encompasses
all of these variables in a unique score assessing the overall congestion status of patients
with HE Figure 3A depicts the relationship between PTH and progressive increase in
HYDRA score in patients with AHF and CHEF: the higher the HYDRA score, the higher the
plasma concentrations of PTH (p < 0.001, ANOVA). Furthermore, the decrease in the eGFR
values was related to the increase in HYDRA score (p < 0.001 ANOVA) (Figure 3B).

w50 ] A P<0.001(ANOVA) ' B —+ P<0.001 (ANOVA)
] 60 |- -
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Figure 3. (A) Relationship between congestion degree as assessed by the HYDRA score (multipara-
metric approach: from 0 to 4) and parathyroid hormone (PTH) plasma concentrations in patients
with chronic (CHF) and acute (AHF) heart failure. (B) Relationship between congestion degree
as assessed by the HYDRA score (HYDRA “0”, n = 45, HYDRA “1”: n = 65, HYDRA “2”: n = 44,
HYDRA “3”: n =50, and HYDRA “4”: n = 24) and renal function (as assessed by means of estimated
glomerular filtration rate [eGFR] calculated with Cockroft-Gault formula). Data are expressed as
mean =+ standard error of mean.
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Table 1. Patient characteristics.

n =228
Clinical characteristics
Age, yrs 7507
Male, % 52
BMI, kg /m? 28 +0.3
NYHA class II/III/IV, n 98/69/61
Medical history, %
Coronary artery disease 28
Diabetes 21
Atrial fibrillation 43
PM/ICD 16
AHF 44
LVEE, % 42 +0.8
Clinical congestion
Peripheral oedema, % 26
Orthoponea, % 27
Laboratory values
PTH, pg/dL 191 £ 10
Haemoglobin, g/dL 13 +0.1
Uric acid, mg/dL 6.4+0.1
BUN, mg/dL 31+24
Creatinine, mg/dL 1.4 £+ 0.04
eGFR, mL/min/1.73 m? 534+ 1.8
Sodium, mmol/L 139 £ 0.2
Potassium, mmol/L 4.0 £0.04
Chloride, mmol/L 103 +£ 0.3
Calcium, mmol/L 8.7 + 0.05
Inorganic phosphorus (mg/dL) 3.6 & 0.07
Albumin, g/dL 3.3 +0.04
Corrected calcium (mg/dL) 9.2 + 0.05
Biomarkers of congestion
BNP, pg/mL 978 + 78
ePVS,dL/g 50+0.1
Hydration index, % 754+ 0.3
BUN/Cr ratio 54 +1.1
HYDRA score 1.7 £ 0.08
Therapies, %
Furosemide 69
Beta-blockers 50
ACE inhibitors/ ARBs 59
MRAs 50
Digitalis 22
Ivabradine 5

Data are expressed as mean =+ standard error of mean or number and percentages. Abbreviations: ACE:
angiotensin-converting enzyme; AHF: acute heart failure; ARB: angiotensin receptor blocker; BMI: body mass
index; BNP: brain natriuretic peptide; BUN: blood urea nitrogen; CHF: chronic heart failure; eGFR: estimate
glomerular filtration rate; ePVS: estimated plasma volume status; ICD: implanted cardioverter/defibrillator;
LVEE: left ventricular ejection fraction; MRAs: mineralocorticoid receptor antagonists; NYHA: New York Heart
Association; PM: pacemaker; PTH: parathyroid hormone.

Similarly, PTH levels were inversely related to the corrected serum calcium plasma
values (rtho = —0.5, p < 0.001) and eGFR (rho = —0.35, p < 0.0001).

Fifty patients died at a median follow-up of 408 days (IQR: 283-573). The cumulative
mortality incidence was 22%. Using univariate Cox regression analysis, PTH plasma levels,
type of HF, age, NYHA class, LVEF, eGFR, and HYDRA score were predictors of mortality
(Table 2).
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Table 2. Univariate and multivariate Cox proportional hazards survival analyses.

Univariate Cox Regression Analysis Adjusted Cox Regression Analysis
HR (95% CI) y HR (95% CI) 4 Wald

AHF vs. CHF 2.85 (1.58-5.12) =0.005 0.67 (0.31-1.47) =0.3
Age, year 1.05 (1.02-1.09) =0.001 0.94 (0.96-1.04.994) =0.9
NYHA class 1.75 (1.25-5.46) =0.001 0.94 (0.59-1.52) =08

LVEF, % 0.97 (0.94-0.99) =0.005 0.97 (0.94-0.99) =0.009 6.9
PTH, pg/mL 1.003 (1.002-1.005) <0.0001 1.001 (0.999-1.003) =0.15

HYDRA score 2.13 (1.67-2.70) <0.0001 1.96 (1.44-2.67) <0.0001 18

Corrected calcium 1.15 (0.57-1.50) =0.47
eGFR, mL/min 0.97 (0.95-0.98) <0.0001 0.98 (0.96-0.99) =0.04 43

Abbreviations: AHF: acute heart failure; CHF: chronic heart failure; CI: confidential interval;, eGFR: estimate
glomerular filtration rate; HR: hazard ratio; LVEF: left ventricular ejection fraction; NYHA: New York Heart
Association; PTH: parathyroid hormone.

The analysis of ROC curves identified the cut-off of PTH as >249 pg/mL (AUC = 0.64,
sensitivity 50% and specificity 82%, p = 0.003). Nevertheless, the multivariate Cox regression
analysis revealed that PTH levels were no longer associated with mortality in HF patients,
whereas HYDRA score, LVEF, and renal function still remained independent predictors for
mortality (Table 2). Figure 4 represents the ROC curve for PTH.

PTH

100 |-

80 |-

60 |-

40

Sensitivity

0 A AUC = 0.644

P =0.003

0 20 40 6 80 100
100-Specificity

Figure 4. ROC curve for PTH as predictor of all-cause death. AUC: area-under-the curve;
PTH: parathyroid hormone.

4. Discussion

The role of PTH in cardiovascular diseases—and HF in particular—has been long
debated, although definite data are lacking [1,2,4-6]. Our study tried to evaluate the
prognostic role of intact PTH in patients with HF. The main results were the following:
1. Mean plasma concentrations of intact PHT are higher in AHF than CHF. 2. Intact PTH
plasma concentrations are directly related to eGFR, and thus to kidney function. 3. PTH
was not an independent predictor for all-cause mortality in patients with HF, whereas
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congestion status—as evaluated by the multiparametric HYDRA score—LVEEF, and renal
function still acted as independent predictors of mortality.

This is the first study that has tried to evaluate possible correlations between the
congestion status of patients with HF and plasma concentrations of intact PTH. Notably,
Zhang et al. [16] previously demonstrated that PTH was directly related to NYHA class and
NT-proBNP. Similar results were derived from the analysis of Gruson et al. [19], although
the 1-84 PTH assay—instead of intact PTH—was adopted in their analysis.

In addition, Altay et al. [22] confirmed the relationship between PTH and advanced
HF as evaluated by means of NYHA class, but congestion markers such as BNP failed to be
associated with PTH using multivariate regression analysis. The literature is scant about
the possible interplay between PTH and congestion signs and symptoms. We observed
higher PTH plasma concentrations in HF patients with peripheral oedema and orthopnoea
(Figure 2A,B). When gathering together congestion markers into the HYDRA score—namely
based on BNP concentrations, BUN/Cr ratio, Duarte-PVS, and Hydration Index as assessed
by BIVA [25]—increased PTH values were found in patients with higher HYDRA scores
(Figure 3A).

All of these associations remain a matter of debate as little data support the patho-
physiological background about the correlation between PTH and congestion in HE. Hy-
potheses [34] considered the influence of renal impairment in HF as a determinant of
the deregulation in PTH secretion and expression. For instance, venous congestion and
systemic hypoperfusion might promote the occurrence of cardiorenal syndrome in patients
with HF, and kidney dysfunction in patients with HF [35]. Kidney dysfunction might
induce secondary hyperparathyroidism, resulting in elevated PTH levels [36]. Furthermore,
the deregulation of RAAS is typical in HF patients due to neuro-hormonal alterations
observed in this pathological condition and the use of dedicated pharmacological treat-
ments. RAAS alteration could impact the regulation of calcium excretion and reabsorption
from the kidney, thus promoting a further mechanism for PTH increase [34]. Our study
outlined that the increase in PTH plasma levels with the reduction in eGFR values and
eGFR still remained an independent predictor of mortality in patients with HF (Figure 3B
and Table 2).

Although PTH seemed to be influenced by sex when dealing with mean platelet volume
(MPV)—a potential marker of platelet activation—in patients with symptomatic HF [37],
our study outlined no impact of sex in the concentration of PTH in congested patients.

Therefore, although PTH is related to congestion in HF, thus providing further advice
to physicians for the comprehension of the fluid overload status of patients with HF
as a congestion biomarker, its prognostic impact is questionable and related to kidney
function. Indeed, LVEF, eGFR, and multiparametric score for congestion identification
provide interesting prognostic insight in the evaluation of all-cause mortality in HF patients.
Our group has already demonstrated the prognostic implication of creatinine clearance in
patients with HF [38] as well as the impact of congestion in the overall mortality rate in
these patients [25].

Although reduced LVEF is known to be directly related to adverse events and prog-
nosis in patients with HF [39], the identification of LVEF as an independent determinant
of prognosis in agreement with congestion biomarkers further pointed out the need for a
comprehensive evaluation of the fluid overload of patients with HE. As PTH was related
to congestion and to the decrease in kidney function, PTH could be included in common
evaluation of patients with HF in order to firstly promote a more intelligible identification
of the fluid overload of patients and the impact of this on outcomes.

5. Limitations

This paper has some limitations. Firstly, we did not evaluate the presence of secondary
hyperparathyroidism. As the main aim of the paper was to evaluate the impact of the
serum level of PTH in patients with HF, we did not concentrate on the causes for secondary
hyperparathyroidism, which could be the focus of further studies in the context of HE. The
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lack of end-stage kidney failure/dialysis patients and the demonstration of the independent
value of our results from kidney function reduce the probability for secondary causes of
hyperparathyroidism. Secondly, the retrospective nature of this study is a further limitation:
dedicated cohort longitudinal studies might be managed in order to reinforce the results.
Finally, this was a single-centre study: the involvement of several HF centres located at
different sites might promote confirmation of the results.

6. Conclusions

PTH is a reliable biomarker for congestion status in patients with HF as it is related to
peripheral oedema, orthopnoea, and HYDRA score, independently from renal function.
PTH was not an independent predictor for all-cause mortality in HF but might contribute
to the correct evaluation of the congestion status of patients with both AHF and CHF.
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