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ABSTRACT
Background: Tartrate-resistant acid phosphatase type 5b (TRACP5b)
is derived from osteoclasts, and has been used as a marker of oste-
oporosis (bone resorption). Although heart failure (HF) is associated
with catabolic bone remodelling, serum TRACP5b levels have not been
rigourously examined in patients with HF.
Methods: We conducted a prospective observational study of 688
decompensated HF patients who had been discharged and whose
TRACP5b had been measured. These patients were divided into tertiles
on the basis of serum TRACP5b levels: first (TRACP5b < 316 mU/dL,
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R�ESUM�E
Introduction : La TRACP5b (de l’anglais, tartrate-resistant acid phos-
phatase type 5b, soit l’isoforme 5 b de la phosphatase acide r�esistante
au tartrate) qui est d�eriv�ee des ost�eoclastes a �et�e utilis�ee comme
marqueur de l’ost�eoporose (la r�esorption de l’os). Bien que l’insuffi-
sance cardiaque (IC) soit associ�ee au remodelage osseux catabolique,
les concentrations s�eriques de TRACP5b n’ont pas �et�e rigoureusement
examin�ees chez les patients atteints d’IC.
M�ethodes : Nous avons men�e une �etude prospective observationnelle
auprès de 688 patients atteints d’IC d�ecompens�ee qui avaient obtenu
Heart failure (HF) has become a significant public health
problem as a major cause of death among the elderly popu-
lation in many countries.1-3 However, osteoporosis is a
multifactorial skeletal disease, which is characterized by low
bone mass and microarchitectural deterioration of bone tissue
determined according to bone mineral density (BMD).
Approximately 21% of women and 6% of men aged 50 years
or older have osteoporosis, which is a major public health
concern.4,5

Tartrate-resistant acid phosphate (TRACP) is known as
type-5 acid phosphatase and purple acid phosphatase. TRACP
is an iron-containing glycoprotein expressed in high amounts
by bone-resorbing osteoclasts, inflammatory macrophages,
and dendritic cells. There are 2 forms of TRACP in the
circulating human blood. TRACP type 5a is known as a
biomarker of the systemic inflammatory burden in patients
with chronic inflammatory diseases such as sarcoidosis and
rheumatoid arthritis. TRACP type 5b (TRACP5b), secreted
by osteoclasts, is elevated in patients with osteoporosis,6 and is
used as a specific and sensitive marker of bone resorption and
bone remodelling.6,7

Osteoporosis is prevalent in patients with HF and might
associate with the pathogenesis of HF.8 The prevalence of HF
and osteoporosis increases with aging, and osteoporosis in-
creases cardiovascular risks.4 Low BMD, namely, osteoporosis,
increases the risk of development of cardiovascular diseases,
and is a novel biomarker that indicates increased HF risk,
independent of established risk factors.4 HF and osteoporosis
share common pathophysiology, including increased para-
thyroid hormone levels, activation of the renin-angiotensin-
aldosterone system, and oxidative stress.4,9 In addition, loop
diuretic use is associated with increased loss in BMD in men,
and with fractures in postmenopausal women.9 Osteoporosis
might be of substantial significance in patients with HF. It has
been reported that lower BMD is associated with increased
mortality, need for implantation of a left ventricular assist
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n ¼ 229), second (TRACP5b 316-489 mU/dL, n ¼ 229), and third
(TRACP5b � 490 mU/dL, n ¼ 230). We compared the patient baseline
characteristics, exercise capacity, and their postdischarge prognosis,
including cardiac mortality and cardiac events such as cardiac death
and worsening HF.
Results: Age was significantly higher, and prevalence of female sex
and anemia was significantly higher in the third tertile than in the first
and second tertiles (P < 0.05, respectively). Circulating TRACP5b
levels were correlated with peak breath-by-breath oxygen consump-
tion, but not with left ventricular ejection fraction. In the Kaplan-Meier
analysis (mean follow-up, 426 days), cardiac mortality and cardiac
event rates progressively increased from the first to the third tertiles (P
< 0.05, respectively). In the multivariable Cox proportional hazard
analysis, the third tertile was an independent predictor of cardiac
mortality and cardiac events (cardiac mortality hazard ratio, 2.493;
P ¼ 0.040; cardiac events hazard ratio, 1.687; P ¼ 0.030).
Conclusions: High serum levels of TRACP5b, a marker of bone
resorption, are associated with high cardiac mortality and cardiac
events, accompanied by impaired exercise capacity.

leur sortie de l’hôpital et pour lesquels nous avions les mesures de
TRACP5b. Nous avons r�eparti ces patients en tertiles en fonction des
concentrations s�eriques de TRACP5b : le premier (TRACP5b < 316
mU/dL, n ¼ 229), le deuxième (TRACP5b 316-489 mU/dL, n ¼ 229)
et le troisième (TRACP5b � 490 mU/dL, n ¼ 230). Nous avons
compar�e les caract�eristiques initiales des patients, leur capacit�e à
l’effort et leur pronostic après la sortie de l’hôpital, à savoir la mortalit�e
d’origine cardiaque et les �ev�enements cardiaques tels que la mort
cardiaque et l’aggravation de l’IC.
R�esultats : L’âge �etait significativement plus �elev�e, et la pr�evalence du
sexe f�eminin et de l’an�emie �etait significativement plus �elev�ee dans le
troisième tertile que dans les premier et deuxième tertiles (P < 0,05,
respectivement). Les concentrations circulantes de TRACP5b
corr�elaient avec la consommation d’oxygène maximale « respiration
par respiration », mais non avec la fraction d’�ejection ventriculaire
gauche. Dans l’analyse de Kaplan-Meier (dur�ee moyenne de suivi, 426
jours), les taux de mortalit�e d’origine cardiaque et d’ �ev�enements
cardiaques augmentaient progressivement du 1er tertile au 3e tertile
(P < 0,05, respectivement). Dans l’analyse multivariable selon le
modèle des risques proportionnels de Cox, le 3e tertile �etait un
pr�edicteur ind�ependant de la mortalit�e d’origine cardiaque et des
�ev�enements cardiaques (rapport de risque de mortalit�e d’origine car-
diaque, 2,493; P ¼ 0,040; rapport de risque d’�ev�enements cardiaques,
1,687; P ¼ 0,030).
Conclusions : Les concentrations s�eriques �elev�ees de TRACP5b, un
marqueur de la r�esorption de l’os, sont associ�ees à la hausse des taux
de mortalit�e d’origine cardiaque et d’ �ev�enements cardiaques,
accompagn�es de la diminution de la capacit�e à l’effort.
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device, and inotrope dependency in patients with HF.9-11

However, the association between serum TRACP5b levels
and the prognosis in HF patients remains unclear.

In the present study, we aimed to investigate the effect of
serum levels of TRACP5b on HF prognosis, underlying
clinical background, cardiac function, and exercise capacity.
Methods
This was a prospective observational study of 688

consecutive decompensated HF patients who were discharged
alive from Fukushima Medical University Hospital between
2016 and 2019. The diagnosis of decompensated HF was
made by each patient’s attending cardiologist and finally
confirmed by the chief physician group on the basis of the HF
guidelines.1-3 Namely, HF was characterized by typical
symptoms (eg, breathlessness, ankle swelling, and fatigue) that
might be accompanied by signs (eg, elevated jugular venous
pressure, pulmonary crackles, and peripheral edema) caused
by a structural and/or functional cardiac abnormality.12,13

Blood samples were obtained when the patients were at sta-
ble condition before hospital discharge each morning. Patients
with acute coronary syndrome and dialysis were excluded.
Patients were divided into tertiles on the basis of serum
TRACP5b levels: first (TRACP5b < 316 mU/dL, n ¼ 229),
second (TRACP5b 316-489 mU/dL, n ¼ 229), and third
(TRACP5b � 490 mU/dL, n ¼ 230).

We compared the patient baseline characteristics (eg, blood
pressure, heart rate, New York Heart Association [NYHA]
classification, comorbidity, laboratory data, echocardiography)
at stable condition before hospital discharge and their
postdischarge prognosis. The patients were followed-up until
January 2020 for cardiac death, and cardiac events defined as
composites of cardiac death or unplanned rehospitalization for
HF treatment. For patients who experienced 2 or more events,
only the first event was included in the analysis. Cardiac death
was classified by experienced cardiologists as death caused by
worsened HF in accordance with the Framingham criteria,
ventricular tachyarrhythmia documented using electrocardio-
gram or implantable devices, acute coronary syndrome, or
sudden cardiac death. Worsening HF was defined as un-
planned hospitalization because of worsening HF.14 The
status and/or dates of death of all patients were obtained from
the patient medical records or the attending physicians at the
patient’s referring hospital. Because these patients visited their
referring hospital monthly or bimonthly, we were able to
follow-up on all patients. Survival time was calculated from
the date of hospitalization until the date of death or last
follow-up. Written informed consent was obtained from all
study subjects at discharge. This study complied with the
Declaration of Helsinki and the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
statement.15,16

We evaluated several comorbidities (ie, hypertension, dia-
betes mellitus, dyslipidemia, chronic kidney disease [CKD],
anemia), with patients in a stable condition before hospital
discharge, which often coexist and are associated with
prognosis in HF patients. Comorbidities were defined in
accordance with our previous studies.17-21 Hypertension was
defined as the previous use of antihypertensive drugs for
treatment of hypertension, and/or a systolic blood pressure
of � 140 mm Hg, and/or a diastolic blood pressure of � 90
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mm Hg. Diabetes mellitus was defined as the previous use of
antidiabetic dugs, a fasting glucose value of � 126 mg/dL, a
casual glucose value of � 200 mg/dL, and/or a hemoglobin
A1c percentage of � 6.5% (National Glycohemoglobin
Standardization Program). Dyslipidemia was defined as the
previous use of cholesterol-lowering drugs, a triglyceride value
of � 150 mg/dL, a low-density lipoprotein cholesterol value
of � 140 mg/dL, and/or a high-density lipoprotein cholesterol
value of < 40 mg/dL. CKD was defined as estimated
glomerular filtration rate of < 60 mL/min/1.73 m2 using a 3-
variable Japanese equation.22,23 Anemia was defined as
hemoglobin levels of < 12.0 g/dL in women and < 13.0 g/dL
in men.3 Atrial fibrillation was identified using an
electrocardiogram performed during hospitalization and/or
from medical records.24

Measurement of blood samples

Blood samples were obtained with the patient in stable
condition before hospital discharge in morning. Serum
TRACP5b was measured using fragment-absorbed immuno-
capture enzymatic assay using an Osteolinks TRACP5b kit
(Nittobo Medical, Tokyo, Japan). Sensitivity of this assay is
19.2 mU/dL, the interassay coefficient of variation (CV),
intraassay CV, and overall CV of this measurement are 7.3%,
4.9% and 8.8%, respectively.25 Serum total procollagen type 1
N propeptide (TP1NP) was measured using electro-
chemiluminescence immunoassay with an Eclusis total P1NP
kit (RocheDiagnostics, Tokyo, Japan), and interassay analytical
CV was less than 1.1% over the reference interval.26,27 Plasma
osteoprotegerin (OPG) was measured using an enzyme-linked
immunosorbent assay with a human OPG ELISA kit
(ab100617; Abcam, Cambridge, United Kingdom). Sensitivity
of this assay is 1 pg/mL,28 and the interassay and intra-assay CV
for this assay is < 12%.29 Serum alkaline phosphatase was
measured using the enzyme reaction rate method using a Quick
Auto Neo ALP-JSII kit (Shino-test Corp, Sagamihara, Japan).
Serum calcium and phosphorus were measured using enzyme-
linked immunosorbent assay using aAqua AutoKainosCalcium
kit and Aqua Auto Kainos IP-KII kit, respectively (Kainos
Laboratories, Inc, Tokyo, Japan). SerumC-reactive protein was
measured using a latex turbidimetric assay with an N-assay LA
CRP-S kit (NittoboMedical, Tokyo, Japan). B-type natriuretic
peptide (BNP) levels were measured using a specific immu-
noradiometric assay with a Shionoria BNP kit (Shionogi,
Osaka, Japan).

Echocardiography

Echocardiography was performed blindly by experienced
echocardiographers using standard techniques with the patient
in stable condition before hospital discharge.30 The echocar-
diographic parameters investigated included left ventricular
end-diastolic volume, left ventricular end-systolic volume, left
ventricular ejection fraction (LVEF), interventricular septum,
posterior wall, left ventricular mass index (LVMI), left atrial
volume, tricuspid valve regurgitation pressure gradient,
inferior vena cava, right ventricular diastolic area, right ven-
tricular systolic area, and right ventricular fractional area
change. The LVEF was calculated using Simpson’s method in
4-chamber view. LVEF < 40% was considered reduced
LVEF, 40%-49% LVEF was considered midrange LVEF, and
LVEF � 50% was considered preserved LVEF.2,31 The right
ventricular fractional area change, defined as (end diastolic
area � end systolic area)/end diastolic area � 100, was used as
a measure of right ventricular systolic function. All measure-
ments were performed using ultrasound systems (Acuson
Sequoia; Siemens Medical Solutions USA, Inc, Mountain
View, CA).

Cardiopulmonary exercise testing

The patients underwent incremental symptom-limited
exercise testing while in a stable condition before hospital
discharge, using an upright cycle ergometer with a ramp
protocol (Strength Ergo 8; Fukuda Denshi Co Ltd, Tokyo,
Japan). Breath-by-breath oxygen consumption (VO2), carbon
dioxide production (VCO2), and minute ventilation (VE)
were measured during exercise using an AE-300S respiratory
monitor (Minato Medical Science, Osaka, Japan).32 Peak
VO2 was measured as an average of the last 30 seconds of
exercise. Ventilatory response to exercise (slope of the rela-
tionship between ventilation and VCO2 [VE/VCO2 slope])
was calculated as the regression slope relating VE to CO2 from
the start of exercise until the respiratory compensation point
(the time at which ventilation is stimulated by CO2 output
and end-tidal CO2 tension begins to decrease).32 The venti-
latory anaerobic threshold was calculated with the V-slope
method.

Statistical analysis

Parametric variables are presented as mean � SD,
nonparametric variables (eg, C-reactive protein and BNP) are
presented as median and interquartile range, and categorical
variables are expressed as numbers and percentages. The c2 test
was used for comparisons of categorical variables. We used the
analysis of variance for continuous variables, followed by
Bonferroni post hoc test. We performed multiple regression
analysis, allowing for interaction between serum TRACP5b
level and clinical confounding factors: age, sex, NYHA
functional class, presence of ischemic etiology, hypertension,
diabetes, dyslipidemia, CKD, anemia, and atrial fibrillation.
Correlations between serum TRACP5b levels and other
parameters (eg, laboratory data, echocardiography, and car-
diopulmonary exercise test) were assessed using Spearman
correlation analysis. Kaplan-Meier analysis was used for pre-
senting the cardiac death and cardiac events, and the log rank
test was used for initial comparisons. The prognostic value was
tested using univariable and multivariable Cox proportional
hazard analyses. In the multivariable Cox proportional hazard
analysis, to prepare for potential confounding, because of small
event and sample size and presence of multicollinearity between
TRACP5b and other variables (eg, BNP), we considered the
following clinical factors: age, sex, NYHA class, blood pressure,
ischemic etiology, reduced LVEF, hypertension, diabetes,
CKD, anemia, atrial fibrillation, and TRACP5b. Univariable
parameters with P values of < 0.10 were included in the
multivariable analysis. A P value of < 0.05 was considered
statistically significant for all comparisons. All analyses were
performed using a statistical software package (SPSS version
24.0; IBM Corp, Armonk, NY).



Table 1. Comparisons of clinical characteristics of patients (N ¼ 688)

Characteristic TRACP5b < 316 (n ¼ 229) TRACP5b 316-489 (n ¼ 229) TRACP5b � 490 (n ¼ 230) P

TRACP5b, mU/dL 229.1 � 54.6 393.9 � 49.6* 707.5 � 204.9*,y < 0.001
Age, years 64.2 � 15.1 67.3 � 15.2 71.9 � 12.8*,y < 0.001
Female sex 81 (35.4) 99 (43.2) 116 (50.4) 0.005
Systolic blood pressure, mm Hg 126.7 � 27.2 126.3 � 24.9 122.1 � 25.8 0.110
Heart rate, bpm 78.6 � 23.8 77.9 � 25.5 75.9 � 21.2 0.454
NYHA class III/IV 16 (7.0) 12 (5.2) 19 (8.3) 0.436
Ischemic etiology 52 (22.7) 56 (24.5) 40 (17.4) 0.159
LVEF reduced/midrange/preserved 78 (34.1)/21 (9.2)/130 (56.8) 84 (36.7)/23 (10.0)/122 (53.3) 97 (42.2)/18 (7.8)/115 (50.0) 0.446
Comorbidity

Hypertension 141 (61.6) 138 (60.3) 142 (61.7) 0.939
Diabetes 84 (36.7) 83 (36.2) 90 (39.1) 0.789
Dyslipidemia 154 (67.2) 161 (70.3) 138 (60.0) 0.057
CKD 117 (51.1) 122 (53.3) 141 (61.3) 0.068
Anemia 96 (41.9) 107 (46.7) 126 (54.8) 0.021
AF 74 (32.3) 76 (33.2) 94 (40.9) 0.108

Treatment
RAS inhibitors 155 (67.7) 160 (69.9) 146 (63.5) 0.334
b-Blockers 145 (63.3) 162 (70.7) 152 (66.1) 0.234
Diuretics 150 (65.5) 164 (71.6) 177 (77.0) 0.025
Inotropic 34 (14.8) 27 (11.8) 26 (11.3) 0.465
CCBs 78 (34.1) 82 (35.8) 76 (33.0) 0.820
Statins 92 (40.2) 98 (42.8) 99 (43.0) 0.788
Implantable devices 52 (22.7) 55 (24.0) 71 (30.9) 0.100

Data are presented as n (%) or mean (SD), except where otherwise noted.
AF, atrial fibrillation; CCB, calcium channel blocker; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction; NYHA, New York Heart

Association; TRACP5b, tartrate-resistant acid phosphatase type 5b; RAS, renin-angiotensin-aldosterone system.
* P < 0.01 vs first tertile.
y P < 0.01 vs second tertile.
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Results
The average TRACP5b level of the present study’s popu-

lation was 443.9 � 235.1 mU/dL (range, 68-1500). The
comparisons of the clinical features among tertiles are shown
in Table 1. Although age was significantly higher, the preva-
lence of female sex and anemia, and the use of diuretics were
significantly higher in the third tertile; no significant differ-
ences in blood pressure, heart rate, NYHA class III or IV,
ischemic etiology, other comorbidities, or medications were
observed among the tertiles. In the laboratory data (Table 2),
white blood cell count, hemoglobin, estimated glomerular
filtration rate (eGFR), and chloride were lowest, and blood
urea nitrogen, creatinine, alkaline phosphatase, magnesium,
phosphorus, TP1NP, and BNP were highest in in the third
tertile. In contrast, iron, ferritin, total protein, albumin, cal-
cium, corrected calcium, sodium, and C-reactive protein did
not differ among the groups. Echocardiographic parameters,
except for LVMI, showed no statistical differences among the
tertiles (Table 2). The available data of cardiopulmonary
exercise testing (n ¼ 250) are shown in Table 2. The peak
VO2 was lowest and VE/VCO2 slope was highest in the third
tertile.

Regarding factors that might affect serum TRACP5b levels,
multiple regression analysis (Table 3) showed that age was an
independent predictor of serum TRACP5b levels (b ¼ 0.123;
P ¼ 0.003). Additionally, correlation analyses with the serum
TRACP5b levels and other parameters are presented in Table 4.
There were significant correlations between serum TRACP5b
levels and hemoglobin, eGFR, alkaline phosphatase, phos-
phorus, TP1NP, OPG, BNP, LVMI, peak VO2, and VE/
VCO2 slope.

In the follow-up period (range 4-1109, mean 426 days),
there were 39 cardiac deaths and 113 cardiac events (39
cardiac deaths and 74 unplanned rehospitalizations because of
worsening HF). In the Kaplan-Meier analysis (Fig. 1), cardiac
mortality and cardiac event rates progressively increased from
the first to the third tertiles (cardiac mortality, 3.1%, 5.2%,
and 8.7%, log rank P ¼ 0.024; cardiac event rates, 11.8%,
15.3%, and 22.2%, log rank P ¼ 0.010). In the Cox
proportional hazard analysis (Table 5), after adjusting for
other confounding factors, high TRACP5b level was an in-
dependent predictor of cardiac mortality (hazard ratio, 2.493;
95% confidence interval, 1.041-5.974; P ¼ 0.040) and car-
diac event rates (hazard ratio, 1.687; 95% confidence interval,
1.051-2.707; P ¼ 0.030) in HF patients. Even in cases of
quartile or quintile models, high TRACP5b levels were
associated with high incidence of cardiac mortality and cardiac
event rates (log rank P < 0.05, respectively).

Additionally, OPG levels were partly measured in 255 of
the 688 patients (Table 2). High OPG levels in HF patients
were associated with high incidence of cardiac mortality and
cardiac event rates (Fig. 2; log rank P < 0.05, respectively).

Discussion
To our knowledge, the present study is the first to report

that high TRACP5b levels in patients with HF are associated
with high cardiac mortality and cardiac events, accompanied
by high OPG levels, left ventricular hypertrophy, and
impaired exercise capacity.

Bone remodelling is a tightly regulated process that re-
quires the resorption of old and defective bone by osteoclasts,
followed by the formation of new bone by osteoblasts. There
are several biochemical markers for estimating osteoporosis,
such as serum/urine N-terminal cross-linked telopeptides of
type I collagen, C-terminal cross-linked telopeptides of type I
collagen, deoxypyridinoline, and TRACP5b as bone



Table 3. Multiple regression analysis to determine serum TRACP5b levels

Factor

Univariable Multivariable

b coefficient P b coefficient P

Age 0.207 < 0.001 0.168 < 0.001
Female sex 0.108 0.005 0.073 0.055
NYHA functional class III/ Ⅳ �0.023 0.546
Ischemic etiology �0.016 0.666
Hypertension �0.005 0.887
Diabetes 0.025 0.658
Dyslipidemia �0.031 0.421
Chronic kidney disease 0.104 0.006 0.032 0.426
Anemia 0.117 0.002 0.066 0.086
Atrial fibrillation 0.055 0.148

NYHA, New York Heart Association; TRACP5b, tartrate-resistant acid phosphatase type 5b.

Table 2. Comparisons of parameters of laboratory data, echocardiography and cardiopulmonary exercise tests (N ¼ 688)

Characteristic TRACP5b < 316 (n ¼ 229) TRACP5b 316-489 (n ¼ 229) TRACP5b � 490 (n ¼ 230) P

Laboratory data
WBC, � 103/mL 7.7 � 4.2 7.2 � 3.1 6.4 � 2.2*,y < 0.001
Hemoglobin, g/dL 13.3 � 2.1 13.0 � 2.0 12.7 � 2.3* 0.003
Iron, mg/dL 82.3 � 40.9 81.2 � 42.7 79.5 � 42.7 0.830
Ferritin, ng/mL 179.7 � 334.8 287.9 � 1698.4 376.8 � 3112.1 0.696
UIBC, mg/dL 239.1 � 75.7 234.7 � 72.8 244.0 � 78.5 0.534
BUN, mg/dL 19.7 � 9.2 19.0 � 9.1 23.0 � 13.7*,z < 0.001
Creatinine, mg/dL 1.0 � 0.5 1.0 � 0.4 1.1 � 0.9z 0.009
eGFR, mL/min/1.73 cm2 60.3 � 22.3 59.8 � 18.9 54.7 � 23.5y,x 0.013
Total protein, g/dL 7.0 � 0.8 7.0 � 0.7 7.0 � 0.8 0.897
Albumin, g/dL 3.9 � 0.6 3.8 � 0.6 3.8 � 0.6 0.217
ALP, IU/L 237.0 � 133.3 258.3 � 87.4 300.2 � 130.6 < 0.001
Magnesium, mg/dL 1.7 � 0.2 1.7 � 0.2 1.8 � 0.2*,z < 0.001
Calcium, mg/dL 9.0 � 0.7 9.0 � 0.6 9.1 � 0.6 0.113
Corrected calcium, mg/dL 9.3 � 0.5 9.4 � 0.6 9.4 � 1.0 0.453
Phosphorus, mEq/L 3.5 � 0.7 3.6 � 0.7 3.7 � 0.6x 0.049
TP1NP, mg/L 35.2 � 20.4 50.7 � 52.9* 77.5 � 68.8*,z < 0.001
OPG, pg/mL 207.1 � 136.9 219.0 � 157.6 265.3 �178.2 0.051
Sodium, mmol/L 139.4 � 3.6 140.0 � 3.0 139.2 � 4.4 0.117
Potassium, mmol/L 4.3 � 0.5 4.2 � 0.5 4.2 � 0.5 0.202
Chloride, mmol/L 104.1 � 4.0 104.2 � 3.6 103.1 � 4.7y 0.014
CRP, mg/dL 0.2 (0.1-0.9) 0.2 (0.1-0.8) 0.1 (0.1-0.6) 0.495
BNP, pg/mL 163.8 (72.9-485.1) 256.8 (93.3-562.1) 338.9 (126.6-652.8) 0.003

Echocardiography
LVEDV, mL 119.2 � 60.0 117.4 � 64.2 118.4 � 67.1 0.969
LVESV, mL 62.7 � 49.0 63.9 � 54.0 68.0 � 55.0 0.658
LVEF, % 53.0 � 16.6 51.4 � 16.7 48.6 � 16.8 0.081
IVS, mm 10.5 � 2.4 10.4 � 2.5 10.6 � 2.7 0.775
PW, mm 10.5 � 2.4 10.4 � 2.0 10.7 � 2.3 0.500
LVMI, g/m2 121.2 � 41.7 123.8 � 43.0 132.0 � 46.3 0.044
Left atrial volume, mL 72.4 � 43.0 69.9 � 45.2 73.9 � 39.7 0.730
TR-PG, mm Hg 27.9 � 16.3 29.2 �17.4 29.9 � 17.4 0.534
IVC, mm 15.5 � 4.5 15.6 � 4.6 15.2 � 5.3 0.651
RV FAC, % 41.5 � 17.2 38.0 � 12.8 38.8 � 13.3 0.278

Cardiopulmonary exercise test, n ¼
250

Peak VO2, mL/kg/min 15.6 � 4.5 15.5 � 5.0 13.9 � 4.5 0.033
VE/VCO2 slope 33.1 � 7.7 34.8 � 9.3 36.7 � 9.0x 0.034

Data are presented as mean � SD or median (interquartile range) except where otherwise noted.
ALP, alkaline phosphatase; BNP, B-type natriuretic peptide; BUN, blood urea nitrogen; CRP, C-reactive protein; eGFR; estimated glomerular filtration rate;

IVC, inferior vena cava; IVS, interventricular septum; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ven-
tricular end-systolic volume; LVMI, left ventricular mass index; OPG, osteoprotegerin; PW, posterior wall; RV FAC, right ventricular fractional area change;
TP1NP, total procollagen type I intact N-terminal propeptide; TRACP5b, tartrate-resistant acid phosphatase type 5b; TR-PG, tricuspid regurgitation pressure
gradient; UIBC, unsaturated iron binding capacity; VE/VCO2 slope, slope of the relationship between ventilation and carbon dioxide production; VO2, breath-by-
breath oxygen consumption; WBC, white blood cell count.

* P < 0.01 vs first tertile.
y P < 0.05.
z P < 0.01 vs second tertile.
x P < 0.05.
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Table 4. Correlation analysis with TRACP5b and other parameters

Parameter R P

Laboratory data
Hemoglobin �0.150 < 0.001
eGFR �0.129 0.001
Total protein 0.007 0.854
Albumin �0.073 0.071
Alkaline phosphatase 0.247 < 0.001
Magnesium 0.072 0.122
Calcium 0.062 0.108
Corrected calcium 0.037 0.367
Phosphorus 0.100 0.009
TP1NP 0.400 < 0.001
OPG 0.204 0.001
Sodium �0.041 0.291
Potassium �0.021 0.584
Chloride �0.113 0.004
Log CRP �0.060 0.071
Log BNP 0.188 < 0.001

Echocardiography
LVEF �0.077 0.109
LVMI 0.090 0.025
Left atrial volume 0.017 0.733
TR-PG 0.025 0.564
IVC �0.047 0.246
RV FAC 0.015 0.816

Cardiopulmonary exercise test
Peak VO2 �0.159 0.012
VE/VCO2 slope 0.180 0.004

BNP, B-type natriuretic peptide; CRP, C-reactive protein; eGFR,
estimated glomerular filtration rate; IVC, inferior vena cava; LVEF, left
ventricular ejection fraction; LVMI, left ventricular mass index; OPG,
osteoprotegerin; RV FAC, right ventricular fractional area change; TP1NP,
total procollagen type I intact N-terminal propeptide; TRACP5b, tartrate-
resistant acid phosphatase type 5b; TR-PG, tricuspid regurgitation pressure
gradient; VE/VCO2 slope, slope of the relationship between ventilation and
carbon dioxide production; VO2, breath-by-breath oxygen consumption.
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resorption markers; bone alkaline phosphatase, intact osteo-
calcin and TP1NP as bone formation markers; and receptor
activator of nuclear factor kB ligand (RANKL) as a regulator
of bone turnover. In addition, RANKL and OPG as regulators
of bone turnover are very important factors in bone
remodelling. These are members of the tumour necrosis factor
superfamily that are critical regulators in bone metabolism,
and appear also to be involved in immune response.33 In
Figure 1. Accumulated event rates of cardiac deaths and cardiac events str
(TRACP5b) levels.
addition, impaired renal function is associated with anemia,
increased parathyroid hormone concentrations, and osteopo-
rosis.34 Thus, TRACP5b levels seemed to be correlated with
TP1NP, OPG, alkaline phosphatase, hemoglobin, and eGFR
in the present study.

Regarding associations of cardiovascular disease with
biochemical markers for osteoporosis, OPG and RANKL have
been reported. OPG activates tumour necrosis factor a and
progresses vascular atherosclerosis and calcification.7 The
plasma concentration of OPG increases with age in a healthy
population, and is elevated in patients with cardiac hyper-
trophy, myocardial infarction, and HF.8 LVMI is gradually
increased with reduced BMD.35 Concordant with previous
reports,8,35 TRACP5b levels were correlated with LVMI in
the present study. In addition, OPG is independently related
to the incidence of HF hospitalization in patients with
ischemic HF.36 Furthermore, higher OPG levels predict poor
prognosis such as higher all-cause mortality and hospitaliza-
tion for worsening of HF in patients with HF.8,11 Regarding
exercise capacity, it has been reported that exercise capacity
determined using cardiopulmonary exercising testing (ie, peak
VO2 and exercise duration) was impaired in patients who had
osteoporosis for > 5 years than in those who had osteoporosis
for < 5 years.37 In addition, osteoporosis is associated with
kyphosis-related respiratory dysfunction, muscle weakness,
and leads to impaired exercise capacity.37 Concordant with
these data, in the present study, high TRACP5b levels were
associated with LVMI and impaired exercise capacity (lower
peak VO2 and higher VE/VCO2 slope).

RANKL is a chemotactic factor that stimulates chemokine
release and matrix metalloproteinase activity, promotes in-
flammatory response in T cells, is required for normal
development of lymph nodes,38 and causes left ventricular
remodelling.4,33 OPG and RANKL have recently been
considered as new signalling molecules, mediators, and
potential biomarkers for atherosclerosis, and it is reported that
the serum levels of OPG and RANKL are higher in HF
patients.33,38 However, it is difficult to measure OPG and
RANKL in daily clinical settings. On the contrary, measuring
TRACP5b is used in daily clinical settings for screening for
osteoporosis or evaluating therapeutic effects on osteoporosis.
Serum TRACP5b activity has a low diurnal variability, its
atified according to serum tartrate-resistant acid phosphatase type 5b



Table 5. Cox proportional hazard model of cardiac mortality and cardiac events in patients with heart failure

Risk factor

Univariable Multivariable

HR 95% CI P HR 95% CI P

Cardiac mortality (39 events/N ¼ 688)
Age � 75 years, yes ¼ 1 1.033 1.007-1.059 0.013 1.545 0.795-3.002 0.200
Female sex, yes ¼ 1 0.667 0.342-1.297 0.233
NYHA functional class III/IV 2.366 1.241-4.512 0.009 1.956 1.011-3.785 0.046
Systolic blood pressure, mm Hg 0.995 0.982-1.008 0.429
Ischemic etiology, yes ¼ 1 1.499 0.759-2.962 0.244
Reduced EF � 40%, yes ¼ 1 2.217 1.176-4.178 0.013 1.727 0.893-3.340 0.105
Hypertension, yes ¼ 1 0.979 0.514-1.867 0.949
Diabetes, yes ¼ 1 2.639 1.384-5.033 0.003 2.115 1.093-4.093 0.026
Chronic kidney disease, yes ¼ 1 2.959 1.403-6.241 0.004 2.140 0.987-4.640 0.054
Anemia, yes ¼ 1 1.309 0.697-2.457 0.403
Atrial fibrillation, yes ¼ 1 1.567 0.835-2.942 0.162
TRACP5b
First tertile Reference
Second tertile 1.651 0.650-4.193 0.292
Third tertile 2.977 1.258-7.044 0.013 2.493 1.041-5.974 0.040

Cardiac events (113 events/n ¼ 688)
Age � 75, yes ¼ 1 1.032 1.016-1.048 < 0.001 1.835 1.237-2.724 0.003
Female sex, yes ¼ 1 0.980 0.664-1.447 0.920
NYHA functional class III/Ⅳ 1.657 1.128-2.435 0.010 1.302 0.891-1.902 0.173
Systolic blood pressure, mm Hg 0.995 0.988-1.003 0.246
Ischemic etiology, yes ¼ 1 0.936 0.589-1.489 0.781
Reduced EF � 40%, yes ¼ 1 1.115 0.765-1.626 0.570
Hypertension, yes ¼ 1 1.401 0.924-2.125 0.112
Diabetes, yes ¼ 1 1.609 1.095-2.365 0.015 1.663 1.144-2.418 0.008
Chronic kidney disease, yes ¼ 1 1.576 1.056-2.351 0.026 1.184 0.785-1.788 0.420
Anemia, yes ¼ 1 2.353 1.565-3.536 < 0.001 1.441 0.963-2.157 0.076
Atrial fibrillation, yes ¼ 1 1.703 1.159-2.503 0.007 1.529 1.051-2.226 0.027
TRACP5b
First tertile Reference
Second tertile 1.243 0.736-2.097 0.416 1.128 0.681-1.870 0.639
Third tertile 1.997 1.229-3.245 0.005 1.687 1.051-2.707 0.030

CI, confidence interval; EF, ejection fraction; HR, hazard ratio; NYHA, New York Heart Association; TRACP5b, tartrate-resistant acid phosphatase type 5b.
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level is not affected by feeding,39 and it does not accumulate
in the circulation in cases of renal or hepatic failure,39 which
are often complicated with HF; thus, in the serum samples
TRACP5b might be easier to measure than other osteoporotic
biomarkers especially in HF patients. Although there have
been no reports on the relationships among OPG, RANKL,
and TRACP5b in HF patients, it has been reported that
serum TRACP5b levels are positively correlated with plasma
OPG levels in patients with coronary artery disease.7
Figure 2. Accumulated event rates of cardiac deaths and cardiac events st
Concordant with the results,7 we first presented that
TRACP5b levels were positively correlated with plasma OPG
levels in HF patients. In addition, the serum levels of C-ter-
minal cross-linked telopeptides of type I collagen, which is a
marker of bone resorption as well as TRACP5b, are positively
correlated with the bone marrow plasma levels of RANKL in
HF patients.40 In these regards, the serum TRACP5b levels
might reflect OPG and RANKL, indicating bone remodelling,
and could affect adverse prognosis in HF patients.
ratified according to serum osteoprotegerin (OPG) levels.
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Study strengths and limitations

Our study has several strengths. For example, this is the first
study, to our knowledge, to show the association of increased
serumTRACP5b with adverse prognosis inHF patients, taking
into consideration multifaceted clinical backgrounds such as
laboratory tests, echocardiography, and exercise capacity. Sec-
ond, we were able to follow-up on all patients and we enrolled
more study subjects than previous studies.33,38

The present study has several limitations. First, because it
was a single-centre study with a relatively small number of study
subjects, the present results might not necessarily be represen-
tative of a general HF population. Although we performed
multivariate Cox proportional hazard analysis, we cannot rule
out residual confounding factors. Second, although blood
samples were obtained when the patients were in stable con-
dition before hospital discharge in the present study, sampling
at hospital admission without any therapy might be preferable
to examine the prognostic effect of TRACP5b. Third, in the
present study we included several variables during hospitaliza-
tion, without taking into consideration changes in any pa-
rameters and treatments during the postdischarge follow-up
period. Fourth, we could not necessarily perform cardiopul-
monary exercise testing in all of the patients because of various
reasons (eg, medical reasons, patient refusal, etc), and potential
selection bias might exist in these measurements. Fifth, we
could not examine the dual-energy x-ray absorptiometry in all
patients, which is standard for osteoporosis, because of
implantable devices. Sixth, we did not examine markers of
osteoporosis, other than TRACP5b, TP1NP, and OPG in the
present study. Seventh, because this was a cross-sectional and
prospective observational study without any intervention for
osteoporosis, the causal relationships between increased
TRACP5b and worse prognosis could not be fully explained.
Therefore, the present results should be viewed as preliminary,
and further studies are needed.
Conclusions
Increased serum levels of TRACP5b, a marker of bone

resorption, is associated with adverse prognosis, accompanied
by impaired exercise capacity, in HF patients.
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