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Abstract. Parathyroid hormone (PTH) is a novel cardiovas-
cular biomarker which is particularly useful for detection and
assessment of heart failure (HF). However, previous studies
examining PTH in heart failure have primarily focused on left
HF; thus, the relationship between PTH and right HF remains
unclear. The aim of the present study was to evaluate the
serum PTH levels in patients with chronic right HF. A total
of 154 patients with chronic right HF were enrolled in the
present study. A binary logistic regression analysis model was
used to assess the independent predictive value of PTH levels
in chronic right HF. Partial correlative analysis was used to
demonstrate the relevance of PTH levels on the parameters of
assessment of right heart function. A multiple linear regression
analysis model was used to evaluate the independent factors of
PTH levels in patients with right HF. The results showed that
the serum PTH levels in the right HF group were significantly
higher compared with the control group. After adjusting for
predictors of right HF, serum PTH levels were associated with
right HF with an odds ratio of 1.066 (95% confidence interval:
1.030-1.102, P<0.001. Serum PTH levels were independently
correlated with plasma N-terminal pro-B-type natriuretic
peptide levels, right ventricular end-diastolic diameter and
severity of lower extremity edema (all P<0.05). Therefore,
based on the results of the present study, PTH may be a useful
biomarker for detection and assessment of right HF.

Introduction

Right heart failure (HF) is a clinical syndrome caused by right
ventricular systolic and/or diastolic dysfunction (1). Previous
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studies have primarily focused on function of the left heart,
thus our current understanding of right HF stems from that of
left HF (2-4). However, right HF is becoming an increasingly
common symptom of cardiovascular disease, with morbidity
and case fatality rates exceeding those associated with left
HF (5). Right HF is also an independent prognostic factor for
left HF (6). Therefore, the timely identification of right HF is
important; however, early clinical presentation of right HF is
nonspecific, and due to the irregularity and uncertainty of the
shape of the right ventricle, there are no unified measurement
methods or exemplar data at present, which limits the applica-
tion of echocardiography (7). The identification of biomarkers
associated with specific diseases has become a prominent
research topic recently (8-11). B-type natriuretic peptide (BNP)
and N-terminal pro-BNP (NT-proBNP) levels are closely asso-
ciated with right cardiac insufficiency, reflecting the severity
of the disease, curative effect, survival, hemodynamic changes
and prognosis of patients with right HF (12-15). Additionally,
troponin, endothelin-1, d-dimer, C-reactive protein (CRP)
and bilirubin levels also reflect myocardial damage, hemody-
namic status, or severity of the disease in patients with right
HF (16-20). However, all these results are derived from studies
with small sample sizes, and some conclusions are inconsis-
tent (21). Studies have shown that parathyroid hormone (PTH)
is a cardiovascular biomarker which is closely associated with
various diseases including arteriosclerosis, hypertension, left
ventricular hypertrophy, and coronary artery and valvular
calcification, and it as an independent predictor of HF (22-29).
However, as the existing studies did not distinguish between
left and right HF, the association between PTH levels and right
HF remains unclear. Theoretically, in right HF, the contrac-
tility of the right ventricle has been compromised, leading to
dilation of capacitance vessels and decline in effective circu-
lating blood volume (30). Consequently, the kidneys are under
perfused, leading to the release of renin. Aldosteronism is the
result of hormonal system activation and usually accompanied
by marked excretory wasting of calcium and magnesium in
both feces and urine, leading to ionized hypocalcemia and
hypomagnesemia (31-34). In turn, the calcium-sensing receptor
of the parathyroid glands are activated to increase the secretion
of PTH (35). Additionally, right ventricular capacity and pres-
sure load increase, whereas coronary artery perfusion pressure
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decreases, leading to myocardial ischemia (36). Chronically
increased right ventricular pressure can lead to increased
pulmonary artery pressure, potentially affecting blood oxygen
exchange, which may be followed by myocardial hypoxia (37).
Meyer et al (38) suggested that myocardial ischemic hypoxia
and pressure load may result in increased serum PTH levels.
Therefore, the aim of the present study was to evaluate serum
PTH levels in patients with chronic right HF and determine
its diagnostic value for assessment and detection of right HF
in patients.

Patients and methods

Patients. As the present study was a retrospective analysis of
anonymized patient data, ethical approval was not required.
The clinical data from 925 patients with HF who were treated
at the 904th Hospital of the People's Liberation Army Joint
Logistics Support Force (Wuxi, China) between January 2015
and December 2016 were retrospectively analyzed. Diagnosis
of HF was based on the 2007 China Guidelines for the
Diagnosis and Treatment of Chronic Heart Failure (39),
and the plasma NT-proBNP levels in these patients were all
>400 pg/ml. Patients with common heart problems, including
coronary heart disease, hypertension, pulmonary hypertension,
cardiomyopathy, heart valvular disease and chronic obstruc-
tive pulmonary disease, were included in the present study,
whereas patients with rheumatic heart disease and chronic
constrictive pericarditis were excluded. Patients with acute
conditions, such as acute pulmonary embolism, myocardial
infarction, myocarditis and pericarditis, were also excluded.
The diagnostic criteria of right HF were based on the 2012
consensus of Chinese experts on the diagnosis and treatment
of right HF (5), and specifically includes: i) possible cause of
right HF; ii) symptoms and signs of right HF; and iii) objec-
tive evidence of abnormal right ventricular structure and/or
function and increased intracardiac pressure. Patients with
left ventricular ejection fraction (LVEF) <50%, thickening of
the left ventricular wall and decreased left ventricular compli-
ance were excluded as the ratio of the maximum ventricular
filling speed in early diastole to that in late diastole is <I.
Additionally, patients with serum creatinine level =265 gmol/l
or a history of thyroid disease, primary hyperparathyroidism,
skeletal diseases, chronic malnutrition or any malignancy
were excluded. Based on these inclusion and exclusion criteria,
a total of 154 patients consisting of 60 men and 94 women,
with a mean age + standard deviation of 75.64+9.78 years
(range 36-96 years) were analyzed in the present study. The
control group consisted of 56 patients consisting of 31 men and
25 women, with a mean age + standard deviation of 61.75+15.23
(range 26-88 years) without HF who were admitted to the same
hospital during the same time period. In the control group,
NT-proBNP levels were all <100 pg/ml, echocardiographic
data were normal, and none of the patients exhibited any of
aforementioned exclusion criteria.

In this retrospective and observational study, 30 patients
with right HF and 20 patients without HF were chosen at
random, and the mean and standard deviation of PTH in the
two groups were obtained, and differences between the groups
were compared using an independent samples t-test using
MedSci software (Version 4.8.1; Shanghai Chungu Biomedical

Table I. Clinical features of patients in both groups.

Control HF
Groups group,n group,n y>-value P-value
Sex 4496 0.034*
Male 31 60
Female 25 94
Coronary artery 8353  0.004°
disease
Yes 22 95
No 34 59
Hypertension 0.731 0.393
Yes 45 115
No 11 36
Diabetes 0215 0.643
Yes 11 26
No 45 125
Hyperlipemia 7.717  0.005°
Yes 4 0
No 52 154
Smoker 2.549  0.110
Yes 9 13
No 47 141
Alcohol consumption 1469 0.226
Yes 6 9
No 50 145
Valvular heart disease 13.225 <0.001¢
Yes 0 31
No 56 123
Cardiomyopathy 0418 0518
Yes 0 4
No 56 150
Atrial fibrillation 31.358 <0.001°
Yes 6 83
No 50 71

1P<0.05, °P<0.01, °P<0.001. HF, heart failure.

Technology, Co., Ltd.). The mean values of two independent
samples were compared, with an a level of 0.05 (two-tailed)
and a test efficacy of 0.80 (1-f, f=0.2), the ratio of sample size
between the right HF group and the control group was 1.5,
and a two-sided test was used, and based on this, the required
sample size was calculated. The results of this analysis showed
that the number of samples included in our study fully met the
statistical requirements.

Methods. General information: Patient data regarding coro-
nary artery disease, diabetes, hypertension, hyperlipidemia,
as well as history of alcohol and smoking consumption were
collected, and patients were stratified according to their status
in each group. Patients were classified as smokers if they
had smoked =100 cigarettes in their life (40), and alcohol
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Table II. Clinical and biochemical parameters.

Clinicopathological Control group, HF group,

characteristics mean =+ standard deviation mean =+ standard deviation t P-value
Age, years 61.75+£15.23 75.64+9.78 -6.364 <0.001°
BMI, kg/m? 24.64+3.76 23.02+4.01 2.628 0.009*
PTH, pg/ml 33.32+13.93 83.72+53.65 -10.708 0.000°
NT-proBNP, pg/ml - 3,684.81+5,272.20 - -
Albumin, g/l 40.29+3 .44 37.86+4.28 3.814 <0.001°
TC (mmol/l) 4.15x1.07 3.95+1.10 -0.553 0.581
LDL-C (mmol/l) 1.92+0.71 1.33+0.54 5.655 <0.001°
HDL-C (mmol/l) 1.30+0.84 1.15+0.59 1.458 0.146
TG (mmol/l) 2.04x1.79 1.87x1.17 0.801 0.424
CRP (mg/1) 3.00+3.76 11.76+25.93 -4.074 <0.001°
Troponin (pg/ml) 0.01+£0.00 0.07+0.18 -4.015 <0.001°
GFR (ml/min/1.73 m?) 91.42+34.22 61.21+28.58 6414 <0.001°
Corrected calcium (mmol/I) 2.35+0.16 2.25+0.18 3.713 <0.001°
Inorganic phosphate (mmol/I) 1.13+0.16 1.12+0.32 0.295 0.769
Magnesium (mmol/l) 0.78+0.09 0.78+0.20 -0.021 0.983
FBG (mmol/l) 547+x1.75 5.56+1.88 -0.300 0.765
TB (mmol/l) 13.35+7.46 21.41+16.28 -4.890 <0.001°
CB (mmol/l) 3.75+2.92 8.36+8.65 -5.778 <0.001°
UCB (mmol/1) 9.63+4.85 12.86+9.29 -3.268 0.001*
LAD (mm) 34.86+4.70 42.60+9.05 -8.037 <0.001°
LVEDD (mm) 45.44+4.52 46.93+5.37 -1.852 0.066
RAD (mm) 31.11£2.88 39.40+8.57 -10.481 <0.001°
RVEDD (mm) 20.36+3.85 28.69+7.81 -10.246 <0.001°
PAD (mm) 19.70+1.55 21.63%£3.19 -5.857 <0.001°
LVEF, % 61.55+2.71 58.45+3.98 6.405 <0.001°
MR (ml) 0.31+0.88 4768 .41 -6.460 <0.001°
TR (ml) 0.26+0.79 8.31x11.91 -8.330 <0.001°
AR (ml) 0.26+0.76 1.60+2.81 -5.373 <0.001°
PR (ml) 0.24+0.60 1.05+£2.49 -3.751 <0.001°

P<0.01, "P<0.001. BMI, body mass index; PTH, parathyroid hormone; NT-proBNP, N-terminal pro-B-type natriuretic peptide; TC, total cho-
lesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; CRP, C-reactive protein;
GFR, glomerular filtration rate; FBG, fasting blood glucose; TB, total bilirubin; CB, direct bilirubin; UCB, indirect bilirubin; LAD, left atrial
diameter; LVEDD, left ventricular end-diastolic diameter; RAD, right atrial diameter; RVEDD, right ventricular end-diastolic diameter; PAD,
pulmonary artery diameter; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; TR, tricuspid regurgitation; AR, aortic regurgita-
tion; PR, pulmonary regurgitation; HF, heart failure.

consumption was defined as the consumption of any alcoholic
beverage, including white wine, beer, fruit wine, yellow rice
wine or any other alcoholic drinks (41). Body mass index
(BMI) was calculated based on the body weight and height.
Fasting venous blood (3 ml) was drawn on the day of admis-
sion or the following day to measure the levels of albumin,
creatinine, electrolytes, total cholesterol (TC), low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol
(HDL-C), triglycerides (TG), fasting blood glucose (FBG),
total bilirubin (TB), direct bilirubin (CB), indirect bilirubin
(UCB) and CRP using an automatic biochemical analyzer
(Olympus Corporation).

Cardiac function and edema grade evaluation at admis-
sion: Patients' heart function was evaluated according to the

New York Heart Association (NYHA) Cardiac Function
Classification Standard when they were first admitted to the
hospital (42), and any liver jugular vein reflux was recorded.
The severity of edema was evaluated whilst the patient was
standing. The degree of edema was classified as follows: Below
the ankle, first-degree edema; below the knee, second-degree
edema; below the hip, third-degree edema; and on the hip,
fourth-degree edema.

Venous blood samples were collected immediately
following admission. Serum PTH levels were detected using
an ELISA kit (cat. no. 989731; Beckman Coulter, Inc.). The
normal range of PTH levels is 14-72 pg/ml. Plasma NT-proBNP
levels were also measured immediately following admission
using a colloidal gold method according to the manufacturer's
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Table III. Binary logistic regression analysis of independent predictors of right HF.

Indicators § Wald value P-value OR 95% CI

Age 0.048 4.499 0.034* 1.049 1.004-1.097
NYHA 0.689 4.663 0.031* 1.992 1.066-3.723
PTH 0.063 13.610 <0.001° 1.066 1.030-1.102
TR 0.491 5.705 0.017* 1.634 1.092-2.445

1P<0.05, "P<0.001. HF, heart failure; NYHA, New York Heart Association heart function grade; PTH, parathyroid hormone; TR, tricuspid

regurgitation; OR, odds ratio; CI, confidence interval.

protocol (NT-proBNP detection kits, cat. no. 7273690; Getein
Biotechnology Co., Ltd.), which is able to measure levels
within a range of 100-30,000 pg/ml.

The estimated glomerular filtration rate (¢GFR) was calcu-
lated using the formula eGFR (ml'min™ per 1.73 m?)=(140-age)
x weight/0.818x creatinine level (xmol/l) and was multiplied
by 0.85 in female patients (43).

All patients underwent Doppler ultrasound examination
of the heart using color Doppler echocardiography (Vivid E9;
GE Healthcare) within 48 h of admission. During this exami-
nation, the diameters of the left and right atria, left and right
ventricular diastolic diameters, pulmonary artery diameter,
valve return flow and left ventricular ejection fraction were
measured. The proximal isokinetic surface area method was
used to quantitatively evaluate the degree of valve regurgita-
tion (44), and for patients with an irregular regurgitation
orifice area, the effective regurgitation orifice area was auto-
matically calculated by the apparatus and the regurgitation
velocity time integral was multiplied to directly evaluate the
degree of regurgitation. In patients with atrial fibrillation (AF)
or arrhythmia, at least 5 representative images were collected
from each patient for comprehensive evaluation.

Therapeutic regimen: In patients with no contraindica-
tions, angiotensin-converting enzyme inhibitors (ACEIs) and
[-blockers were administered. Angiotensin receptor blockers
were used in patients with a dry cough and those who could
not tolerate ACEIS. Prior to admission, diuretics and aldoste-
rone receptor antagonists were administered based on whether
patients had any contra-indications to these.

Statistical analysis. Quantitative data are presented as the
mean + standard deviation, and analysis of normal distribu-
tion was performed using a Shapiro-Wilk test. Additionally, a
homogeneity-of-variance test was used and if equal variances
were assumed, differences were analyzed using a Student's
t-test, otherwise, differences were analyzed using a Welch's
t-test. Qualitative data are presented as the frequency and
percentage, and differences were calculated using a % test.
Independent predictors of right HF between the two groups
were identified using binary logistic regression analysis. In
the right HF group, correlations between PTH levels and
other indicators were determined using partial correlation
analysis, and the independent factors of increased PTH
levels were further determined using multiple linear regres-
sion analysis. All P-values are two-sided and P<0.05 was
considered to indicate a statistically significant difference.

Table IV. Partial correlation analysis of PTH levels with other
indicators of right HF.

Indicators r P-value
NT-proBNP 0.245 0.001°
GFR -0.145 0.036*
RVEDD 0.285 0.001°
LED 0.224 0.010*
TR 0.199 0.014*

'P<0.05, "P<0.01. PTH, parathyroid hormone; HF, heart failure;
NT-proBNP, N-terminal pro-B-type natriuretic peptide; GFR,
glomerular filtration rate; RVEDD, right ventricular end-diastolic
diameter; LED, lower extremity edema; TR, tricuspid regurgitation.

Statistical analysis was performed using SPSS version 13.0
(SPSS, Inc.).

Results

Clinical indicators of right HF. A total of 154 patients with
right HF were enrolled in this study, and the average serum
PTH level was 83.72+53.65 pg/ml (range, 19.8-328). The
control group consisted of 56 individuals who had an average
serum PTH level of 33.32+13.93 pg/ml (range, 11.1-71.2).
Between-group comparisons showed that the values of all
indicators, including PTH, were significantly different between
the two groups, with the exceptions of inorganic phosphate,
magnesium, FBG, TG, TC, HDL-C and left ventricular
internal diameter (all P<0.05; Tables I and II).

Independent predictive value of indicators of right HF. As
NT-proBNP levels represent one of the diagnostic criteria for
right HF, it was excluded, and the remaining indices that were
significantly different between the two groups were included
in a binary logistic regression analysis to identify independent
predictors of right HF. This analysis revealed that age, NYHA
heart function grade, PTH levels and tricuspid valve reverse
flow were predictors of right HF, with odds ratios of 1.049
[95% confidence interval (CI): 1.004-1.097], 1.992 (95% CI.
1.066-3.723), 1.066 (95% CI: 1.030-1.102) and 1.634 (95% CI:
1.092-2.445), respectively (all P<0.05; Table III). Together,
these results confirmed that PTH levels are independently
associated with right HF.
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Table V. Multiple linear regression analysis for independent factors of PTH levels.

Indicators B t P-value 95% CI
NT-proBNP 0.002 2901 0.004° 0.001-0.003
GFR -0.259 -2.255 0.026* -0.486 - -0.032
Troponin 82.302 4.530 <0.001¢ 46.390-118.215
RVEDD 2.092 3.587 <0.00¢ 0.939-3.245
LED 13413 3.544 0.001° 5.933-20.892

1P<0.05, °P<0.01, °P<0.001. PTH, parathyroid hormone; HF, heart failure; NT-proBNP, N-terminal pro-B-type natriuretic peptide; GFR, glo-
merular filtration rate; RVEDD, right ventricular end-diastolic diameter; LED, lower extremity edema.

Correlation of PTH levels with other indicators of right HF. In
the right HF group, correlations of PTH levels with other indi-
cators were determined using a partial correlation analysis,
and the results indicated that PTH levels were associated with
NT-proBNP levels, eGFR, right ventricular diameter, tricuspid
valve flow and the degree of lower extremity edema, with
partial correlation coefficients of 0.245, -0.145, 0.285, 0.224
and 0.199, respectively (all P<0.05; Table IV). Increased PTH
levels were associated with higher NT-proBNP levels, larger
right ventricular diameter, greater tricuspid valve reverse flow,
greater severity of lower extremity edema and lower eGFR.

Independent factors associated with PTH levels. Sex, age,
BMI, eGFR; TB, CB, UCB, albumin, PTH and NT-proBNP
levels; heart chamber size, pulmonary artery diameter, valve
return flow rate and the degree of lower extremity edema were
measured using multiple linear regression analysis. The results
showed that PTH levels were independently associated with
NT-proBNP levels, eGFR, troponin levels, right ventricular
diameter and the degree of lower extremity edema (all
P<0.05; Table V). Further analysis confirmed that PTH levels
were closely associated with right cardiac function indices,
including NT-proBNP levels, right ventricular diameter and
the degree of lower extremity edema.

Discussion

There an increasing number of studies demonstrating that
PTH serves an important role in the development and progres-
sion of cardiovascular diseases, particularly in HF. PTH can
independently predict the incidence of non-ischemic and
whole HF (45), improve the risk stratification of patients with
HF and assist in the determination of the optimal hospitaliza-
tion time for outpatients with HF (46). It may also be used to
guide individualized treatment of HF (47). However, previous
studies have not examined the correlation between PTH levels
with right HF specifically.

In the present study, indicators of right heart function,
including clinical indications, biochemical indices and cardiac
ultrasound results were used to determine the prognostic value
of PTH in patients with right HF by analyzing the correlation
between serum PTH levels with the aforementioned indices.
According to the comparisons between the control and experi-
mental groups, serum PTH levels were increased in patients
with right HF compared with the controls. Although age, sex

and LVEF were different between the two groups, and PTH
release increases with age and left HF (27,29), the results of the
binary logistic regression analysis further confirmed that PTH
levels was an independent predictor of right HF. In the right
HF group, the serum PTH levels increased with increased
NT-proBNP levels, right ventricular diameter, tricuspid valve
reverse flow and the degree of lower extremity edema, with
statistically significant partial correlations. The multiple linear
regression analysis results further confirmed that PTH was
independently associated with the aforementioned indicators
apart from tricuspid regurgitation. Thus, tricuspid regurgita-
tion may not be an independent risk factor which is related
to other factors. These results demonstrate the correlation
between serum PTH levels with right heart function, indi-
cating that this marker may accurately reflect right HF with
good sensitivity.

Additionally, the rates of hypertension, diabetes, cardio-
myopathy, smoking and alcohol consumption did not differ
between the two groups. Some of these findings may due to
the fact that hypertension primarily affects the left ventricular
afterload, thus primarily involves left heart function (48).
Additionally, the low incidence of patients with cardio-
myopathy in the cohort, and in particular right ventricular
cardiomyopathy, may explain why no significant difference
was observed between the two groups. It has been reported
that PTH is involved in the occurrence of various arrhyth-
mias (49). In the present study, the PTH levels and the rate of
AF in the right HF group were significantly higher compared
with the control group, which supports the correlation between
PTH levels and arrhythmia. However, the results of partial
correlation analysis showed that AF was not correlated with
PTH levels in the right HF group, and this may be because AF
has more influence on left cardiac function (50). The results
also showed that troponin, CRP, TB, CB and UCB levels were
higher in the right HF group compared with the control group,
and these findings were associated with myocardial injury,
inflammation, increased venous pressure and extravasated
blood in the liver during HF. All these findings support the
results of previous studies (16,18).

The present study has some limitations. When selecting
research subjects, only patients with left HF who had decreased
ejection fraction and/or declined left ventricular compliance
were excluded, but patients with left atrial enlargement and/or
AF were included, among whom, there was no strict classifica-
tion of HF etiology. As a result, patients with coronary heart
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disease, cardiomyopathy and pulmonary hypertension were
enrolled. Additionally, as this was a retrospective analysis,
the echocardiographic results lack some of the more reliable
measurements that have become available, such as tricuspid
annular shortening rate and right ventricular ejection frac-
tion; and the inner diameter rather than the volume was used
when measuring the size of the atria and ventricles. To avoid
additional trauma, the hospitalized patients did not undergo
regular right heart angiography; therefore, more objective and
accurate evaluation indices of right heart function, such as
central venous pressure, right ventricular pressure and pulmo-
nary artery pressure were not recorded. The present study
serves as a preliminary analysis of the relationship between
PTH levels and clinical indices of right HF. The conclusions
made within, provide a starting point for future research,
which should include determination of the role and underlying
mechanisms of serum PTH levels in right HF.

In conclusion, the serum PTH levels are correlated with
right HF, and thus may be used for the clinical assessment of
right heart function.
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