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Qrsemr

Background: This study aimed to evaluate the bone mineral density (BMD), trabecular
bone score (TBS), and fracture history of middle-aged patients hospitalized for heart
failure (HF), as well as analyze the association of these factors with cardiometabolic pa-
rameters and muscle strength. Methods: A cross-sectional study with patients aged 40
to 64 years hospitalized for HF was performed. Dual energy X-ray absorptiometry was
performed to obtain BMD and TBS. Fracture history, handgrip strength (HGS), and clini-
cal and laboratory cardiometabolic parameters of the patients were evaluated. Results:
Altogether, 109 patients were evaluated (female 50.5%). Medians and interquartile rang-
es for age and length of hospital stay were 58.0 (53.0-61.0) years and 20.0 (11.0-32.0)
days, respectively. Osteoporosis was observed in 15.6% of the patients, low TBS was ob-
served in 22.8%, and 6 patients had a history of fragile fracture. No differences between
the sexes regarding BMD (P=0.335) or TBS (P=0.736) classifications were observed. No
association was observed between low BMD and HF classification (P>0.05) regarding
the ejection fraction, ischemic etiology, or New York Heart Association Functional Classi-
fication. However, there was a significant association between high serum parathyroid
hormone (PTH) and the presence of osteoporosis (62.5 [37.2-119.0] pg/mL vs. 34.2
[25.0-54.1] pg/mL; P=0.016). There was a negative correlation between serum PTH and
TBS (r=-0.329, P=0.038) and a higher frequency of reduced HGS in patients with low
TBS (92.3% vs. 50.0%; P=0.009). Conclusions: We found relevant frequencies of osteo-
porosis and bone microarchitecture degradation in middle-aged patients with HF, which
were related to high serum PTH concentrations.
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INTRODUCTION

Heart failure (HF) is a complex and heterogeneous clinical syndrome that is caused
by structural or functional cardiac abnormalities, which culminate in impaired ven-
tricular filling or blood ejection.[1,2]

Usually, HF is classified into 3 different categories according to the left ventricu-
lar ejection fraction (LVEF): HF with preserved ejection fraction (HFpEF) where
LVEF is =50%, HF with mildly reduced ejection fraction (HFmrEF) where LVEF is
41% to 49%, and HF with reduced ejection fraction (HFrEF) where LVEF is <40%.
From the perspective of symptoms, the New York Heart Association Functional
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Graphical Abstract
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Classification (NYHA-FC) is the most commonly used in-
strument for categorizing symptom severity.[1,2]

Osteoporosis and HF are associated with aging and are
common causes of functional loss and prolonged hospital
stays, thereby generating heavy burdens for the health-
care systems. Despite a dearth of data regarding the rela-
tionship between these 2 clinical conditions, certain indi-
cations have been reported regarding the association of
HF with decreased bone mineral density (BMD), and con-
sequently, a greater risk of fractures, with the participation
of muscle mass and strength losses in this process.[3]

The measurement of areal BMD via dual energy X-ray
absorptiometry (DXA) is the most established method for
diagnosing osteoporosis; however, recently, methods that
involve the evaluation of cancellous bone microarchitec-
ture, such as trabecular bone score (TBS), has gained trac-
tion.[4-6] TBS is obtained with the help of software coupled
with the DXA, which evaluates the pixel gray-level varia-
tions in the image of the lumbar spine and is a practical
option that does not require exposure to radiation again.
(5,6]

In this context, the present study aimed to evaluate the
BMD, TBS, and fracture history of middle-aged patients
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hospitalized for HF and observe the frequencies of osteo-
porosis and bone microarchitecture degradation, as well
as the association of these factors with the cardiometabolic
parameters and muscle strength.

METHODS

This was a cross-sectional study conducted in the Cardi-
ology and Endocrinology departments of a tertiary hospi-
tal located in Brazil, and the data collection was performed
between June 2021 and February 2022, by consecutive
sampling.

The study population comprised patients aged 40 to 64
years who were admitted due to HF in our hospital wards
during the data collection period, agreed to participate in
the research, and were previously diagnosed with HF (based
on clinical and echocardiographic findings). Patients with-
out a confirmed previous diagnosis of HF, with genetic dis-
orders of bone metabolism or lipodystrophies, and physi-
cal or cognitive limitations that prevented them from pro-
viding essential data or being subjected to the required
complementary exams were excluded from the study.

The categorical variables included sex, body mass index
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(BMI) classification, TBS classification (normal, >1.310; par-
tial degradation of microarchitecture, 1.230-1.310; bone
degradation, <1.230),[7] BMD classification (normal, T-score
[TS] of femoral neck (FN), total femur [TF], and lumbar spine
[LS] =-1.0; osteopenia, TS of at least one site between —1.0
and —2.5; osteoporosis, TS of at least one site <—2.5),[4]
history of major osteoporotic fractures (spine, proximal
humerus, hip, or forearm) that occurred spontaneously or
in consequence of low-energy trauma,[8] glycemic status
(diabetes, hemoglobin A1c [HbA1c] =6.5%; prediabetes,
HbA1c 5.7%-6.4%; normoglycemia, HbA1c <5.6%),[9]

Bone in Patients Hospitalized for Heart Failure [l

chronic kidney disease (CKD; estimated glomerular filtra-
tion rate [eGFR] of <60 mL/min/1.73 m? as calculated us-
ing the CKD-epidemiology collaboration [CKD-EPI] formu-
la),[10] vitamin D deficiency (serum 25-hydroxy-vitamin D
[25(0H)D] <20 ng/mL),[11] NYHA-FC (I-IV), LVEF classifica-
tion (HFpEF, HFmrEF, and HFrEF), HF etiology (ischemic or
non-ischemic, according to medical records), and handgrip
strength (HGS) classification (low, <16 kg for women and
<27 kg for men, according to the European consensus on
sarcopenia).[12] The quantitative variables studied were
age, length of hospital stay, TBS, HbA1¢, eGFR calculated

Table 1. General characteristics of the study patients and comparison between the sexes

Variables Sample Men \Women P-value
NYHA functional class (N=109)
lorll 36 (33.0) 22 (40.7) 14 (25.5) 0.090°
lllor IV 73(67.0) 32(59.3) 41(74.5)
LVEF (N=109)
HFpEF 53 (48.6) 24 (44.4) 29 (52.7) 0.642%
HFmrEF 12(11.0) 7(13.0) 5(9.1)
HFrEF 44.(40.4) 23 (42.6) 21(38.2)
HF etiology (N=109)
Ischemic 63 (57.8) 31(57.4) 32(58.2) 0.935°
Non-ischemic 46 (42.2) 23 (42.6) 23(41.8)
Glycemic status (N=109)
Normoglycemic 22(20.2) 10(18.5) 12(21.8) 0.550?
Prediabetes 35(32.1) 20(37.0) 15(27.3)
Diabetes 52 (47.7) 24 (44.4) 28 (50.9)
BMD (N=109)
Normal bone mass 49 (45.0) 28(51.9) 21(38.2) 0.335Y
Osteopenia 43 (39.4) 18(33.3) 25(45.5)
Osteoporosis 17 (15.6) 8(14.8) 9(16.4)
TBS (N=57)
Normal microarchitecture 36 (63.2) 15(65.2) 21(61.8) 0.736"
Partial bone degradation 8(14.0) 4(17.4) 4(11.8)
Bone degradation 13(22.8) 4(17.4) 9(26.5)
History of osteoporotic fractures (N=109) 6 (5.5) 3(5.6) 3(5.5) 1.000”
Osteoporosis (BMD or fractures) (N=109) 23(21.1) 11(20.4) 12(21.8) 0.853
Vitamin D deficiency (N=90) 31(34.4) 9(23.1) 22 (43.1) 0.047°
History of alcohol consumption (N=109) 54 (49.5) 40 (74.1) 14 (25.5) <0.001?
Smoking history (N=109) 53 (48.6) 35(64.8) 18(32.7) 0.001%
Low handgrip strength (N=109) 70 (64.2) 34 (63.0) 36 (65.5) 0.786
Chronic kidney disease (N=109) 38(34.9) 19(35.2) 19(34.5) 0.944%

The data is presented as N (%).
“IPearson’s ’ test.
YFisher's exact test.

NYHA, the New York Heart Association; LVEF, left ventricular ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFmrEF, heart fail-
ure with mildly reduced ejection fraction; HFrEF, heart failure with reduced ejection fraction; HF, heart failure; BMD, bone mineral density; TBS, trabecu-

lar bone score.
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by the CKD-EPI, serum 25(0H)D levels, parathyroid hormone
(PTH), LVEF, BMI, BMD (with TS of FN, TF, and LS), and HGS.

HGS was measured via a digital dynamometer (Instru-
therm, Séo Paulo, Brazil), and the highest of 3 different mea-
surements with the dominant hand was considered. BMD
was assessed by DXA with a Lunar Prodigy Advance® den-
sitometer (GE Healthcare, Madison WI, USA). TBS was cal-
culated using the TBS InSight® software, version 2.1.0 (Medi-
maps Group, Geneva, Switzerland). Hormonal assessments
were conducted via the Cobas E601 chemiluminescence
analyzer (Roche Diagnostics, Basel, Switzerland).

1. Statistical analysis

Statistical analyses were performed using the SPSS soft-
ware, version 21 (IBM Corp., Armonk, NY, USA).

Categorical variables were expressed as frequencies and
compared using Pearson’s x° test (if <25% of the cells in
the contingency tables had <5 individuals) or by Fisher’s
exact test (if at least 25% of the cells had <5 individuals).

Quantitative variables were evaluated for normal distri-
bution using Kolmogorov-Smirnov test. Those with nor-
mal distribution were expressed as mean and standard de-
viation and compared using Student’s t-test (parametric).
The variables that did not conform to normal distribution
were expressed as medians and interquartile ranges and
compared using Mann-Whitney U test (non-parametric).
Quantitative variables, in which different values were ex-
pected for men and women (BMD and HGS), were evaluat-
ed separately for each sex. Correlations between quantita-
tive variables were also tested using Pearson’s linear corre-
lation test (if both the variables were normally distributed)
or Spearman’s correlation test (if at least one of the 2 vari-
ables was not normally distributed). For all tests, 95% con-
fidence intervals were used, with statistical significance con-
sidered when P-value of less than 0.05.

2. Ethical considerations
This study had ethics committee approval, and all patients
provided written informed consent.

RESULTS

Overall, 109 patients were evaluated, 55 (50.5%) of whom
were female. Table 1 describes the general characteristics
of the study patients and shows the comparison between
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the sexes.

The measures of the central tendency of the quantitative
variables are shown in Table 2.

According to the densitometric data, 15.6% of the par-
ticipants had osteoporosis, 39.4% had osteopenia, and 45.0%
showed normal BMD (Table 1). Six patients (5.5%) had a
history of major osteoporotic fracture (3 of each sex), of
which 4 had osteopenia, as indicated by DXA, and 2 showed
normal BMD (Fig. 1). Thus, taking into consideration the
history of osteoporotic fractures together with the BMD,
21.1% of the patients had osteoporosis. None of the pa-
tients were using anti-osteoporotic therapy.

In females, the frequency of osteoporosis, as determined
by BMD, and osteopenia were 16.4% and 45.5%, respec-

Table 2. Quantitative data from middle-aged patients with heart fail-
ure

Variables N M;;gf(lsgé)
Age (yr) 109 58.0 (53.0-61.0)
Length of hospital stay (days) 109 20.0(11.0-32.0)
BMI (kg/m2) 109 283+54
HbA1c (%) 109 6.4 (5.8-8.4)
LVEF (%) 109 48.0 (34.0-60.0)
eGFR (CKD-EPI) (mL/min/1.73 m?) 109 78.1(47.5-97.7)
25(0H)D (ng/mL) 90 23.1(17.8-30.7)
PTH (pg/mL) 86 36.0 (26.5-63.2)
Handgrip strength

Men (kg) 54 241£7.1

Women (kg) 55 143+44
TBS 57 1.362 (1.261-1.431)
BMD-LS

Men (g/cm?) 54 1.180+0.194

\Women (g/cm?) 55 1.06010.188
T-score LS 109 -0.787£1.617
BMD-FN

Men (g/cm?) 54 0.959+0.149

Women (g/cm?) 55 0.887+0.168
T-score FN 109 -0.959+1.183
BMD-TF

Men (g/cm?) 54 1.066+£0.168

\Women (g/cm?) 55 0.951+0.180
T-score TF 109 -0.326£+1.302

BMI, body mass index; HbA1c, hemoglobin Alc; LVEF, left ventricular
ejection fraction; eGFR, estimated glomerular filtration rate; CKD-EPI,
chronic kidney disease epidemiology collaboration; 25(0H)D, 25-hydroxy-
vitamin D; PTH, parathyroid hormone; TBS, trabecular bone score; BMD,
bone mineral density; LS, lumbar spine; FN, femoral neck; TF, total fe-
mur; SD, standard deviation; IQR, interquartile range.
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tively. Among males, 14.8% had osteoporosis and 33.3%
had osteopenia. There was no statistically significant differ-

m Total sample (N=109)

= Men (N=54)
= Women (N=55)
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Fig. 1. Data on the occurrence of major osteoporatic fractures in mid-
dle-aged patients with heart failure.

Table 3. Comparison of groups with and without osteoporosis regard-
ing heart failure parameters, comorbidities, muscle strength, and
habits

Osteoporosis

o (T-score =-2.5)
Classification ——————— Pvalue
Yes No
(N=17) (N=92)
NYHA functional class (N=109)
lorll 3(17.6) 33(35.9) 0.142%
lllor IV 14(82.4) 59(64.1)
LVEF (N=109)
HFpEF 8(47.1) 45(48.9) 0.221%
HFmrEF 0(0.0) 12(13.0)
HFrEF 9(52.9) 35(38.0)
HF etiology (N=109)
Ischemic 7(412) 56(60.9) 0.131%
Non-ischemic 10(58.8) 36(39.1)

Glycemic status (N=109)

Normoglycemic 2(11.8) 20(21.7) 0.130°

Prediabetes 9(52.9) 26(28.3)
Diabetes 6(35.3) 46(50.0)
Chronic kidney disease (N=109) 5(29.4) 33(35.9) 0.608"
Vitamin D deficiency (N=90) 5(38.5) 26(33.8) 0.7427

Low handgrip strength (N=109) 13(76.5) 57(62.0) 0.251°
Smoking history (N=109) 10(58.8) 43(46.7) 0.360
History of alcohol consumption (N=109) 9(52.9) 45(48.9) 0.760°

The data is presented as N (%).

IPearson’s x’ test.

NYHA, the New York Heart Association; LVEF, left ventricular ejection
fraction; HFpEF, heart failure with preserved ejection fraction; HFmrEF,
heart failure with mildly reduced ejection fraction; HFrEF, heart failure
with reduced ejection fraction; HF, heart failure.
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ence in BMD classification between the sexes (P=0.335).
TBS was obtained for 57 of the 109 patients, of whom 22.8%
showed bone degradation and 14.0% showed partial deg-
radation. Of the 57 patients whose TBS was calculated, no
significant difference in its classification between the sexes
was observed, with 17.4% of males presenting with bone
degradation and 17.4% with partial degradation, while
26.5% of females presented with bone degradation and
11.8% with partial degradation (P=0.736) (Table 1).

No differences were observed between the groups with
and without osteoporosis for HF classifications by NYHA-
FC (P=0.142), LVEF (P=0.221), or etiology (P=0.131) (Table
3). Table 3 also demonstrates that there were no differenc-
es between the groups with and without osteoporosis re-

Table 4. Comparison of groups with and without degradation of bone
microarchitecture regarding HF parameters, comorbidities, muscle
strength, and habits

Bone degradation

o (TBS <1.230)
Classification P-value
Yes No
(N=13) (N=44)
NYHA functional class (N=57)
lorll 4(30.8) 23(52.3) 0.172°
lllor IV 9(69.2) 21(47.7)
LVEF (N=57)
HFpEF 5(38.5) 24 (54.5) 0.496"
HFmrEF 1(7.7) 2(4.5)
HFrEF 7(53.8) 18(40.9)
HF etiology (N=57)
Ischemic 6(46.2) 28(63.6) 0.259°
Non-ischemic 7(53.8) 16(36.4)
Glycemic status (N=57)
Normoglycemic 2(15.4)  7(15.9) 0.999°
Prediabetes 5(38.5) 17(38.6)
Diabetes 6(46.2) 20(45.5)
Chronic kidney disease (N=57) 6(46.2) 9(205) 0.082¢
Vitamin D deficiency (N=45) 5(55.6) 13(36.1) 0.449"

Low handgrip strength (N=57) 12(92.3) 22(50.0) 0.009”
Smoking history (N=57) 7(53.8) 14(31.8) 0.148°
History of alcohol consumption (N=57)  5(38.5) 15(34.1) 0.772?

The data is presented as N (%).

“Pearson’s X test.

YFisher’s exact test.

NYHA, the New York Heart Association; LVEF, left ventricular ejection
fraction; HFpEF, heart failure with preserved ejection fraction; HFmrEF,
heart failure with mildly reduced ejection fraction; HFrEF, heart failure
with reduced ejection fraction; HF, heart failure; TBS, trabecular bone
score.
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garding the glycemic status (P=0.130), frequency of CKD
(P=0.608), vitamin D deficiency (P=0.742), low HGS (P=
0.251) or history of alcoholism (P=0.760) or smoking (P=
0.360).

Likewise, there were no statistically significant differenc-
es between the groups with and without bone degrada-
tion indicated by TBS regarding NYHA-FC (P=0.172), LVEF
classification (P=0.496), HF etiology (P=0.259), glycemic
status (P=0.999), CKD (P=0.082), vitamin D deficiency (P=
0.449) or history of smoking (P=0.148) or alcoholism (P=
0.772). However, there was an association between low TBS
and reduced HGS (P=0.009), as shown in Table 4.

There was a significant association between the presence
of osteoporosis with higher serum PTH (P=0.016), lower
BMI (P<0.001) and lower TBS (P=0.013). Although the pres-
ence of bone degradation, as indicated by TBS, was not as-
sociated with BMI (P=0.443), it was related to higher serum
PTH (P=0.024) and TS in the 3 bone sites that were evalu-
ated. Length of hospital stay was not associated with osteo-
porosis P=0.247) or bone degradation (P=0.182) (Table 5).

There was a statistically significant correlation between
TBS and TS-LS (r=0.512, P<0.001), TS-FN (r=0.418, P=0.001),
and TS-TF (r=0.386, P=0.003) and a negative correlation
of TBS with PTH levels (r=—0.329, P=0.038). PTH did not
significantly correlate with TS-LS (r=—0.129, P=0.236), but
negatively correlated with TS-FN (r=-0.255, P=0.018), TS-
TF (r=—0.254, P=0.018), 25(0H)D levels (r=—0.266, P=0.016),
and eGFR (r=-0.420, P<0.001). No correlation of eGFR with
TBS (r=0.232, P=0.083), TS-LS (r=-0.029, P=0.765), TS-FN
(r=0.080, P=0.409), TS-TF (r=0.017, P=0.861), or 25(0H)D
levels (r=0.061, P=0.569) was observed. The levels of 25
(OH)D did not show a correlation with TBS (r=0.117, P=0.442),
TS-LS (r=0.141, P=0.184), TS-FN (r=0.131, P=0.217), and
TS-TF (r=0.170, P=0.108). BMI did not show a correlation
with TBS (r=0.078, P=0.562); however, it exhibited a cor-
relation with TS-LS (r=0.301, P=0.001), TS-FN (r=0.295,
P=0.002), and TS-TF (r=0.396, P<0.001). Figure 2 presents
the main differences between the TBS and TS-LS correla-
tions.

In males, an association was observed between low TBS
and low FN-BMD (P=0.036); however, an association was
not observed between bone degradation and LS-BMD (P=
0.156) (Table 6). Furthermore, an association between os-
teoporosis and low HGS means was observed (19.1+6.8
kg versus 25.01+6.9 kg; P=0.032). In females, an associa-
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Table 5. Differences between patients with or without osteoporosis or bone microarchitecture degradation

Without osteoporosis or bone microarchitecture degradation

With osteoporosis or bone microarchitecture degradation

]
No (N=44) value

13)

Bone degradation (TBS <1.230)

Yes (N

57)

P-value Sample (N

No (N=92)
57.0(53.0-61.0)

17)

Osteoporosis (T-score <-2.5)

Yes (N

Sample
(N=109)

58.0 (53.0-61.0)

Variables

58.0 (54.0-61.5) 59.0 (57.0-63.5)

0.128°

59.0 (53.5-63.5)

Age (yr)
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Fig. 2. Differences between correlations observed for T-score of the lumbar spine and trabecular bone score. #Spearman’s rank correlation coeffi-
cient. "Pearson’s linear correlation test. BMI, body mass index; PTH, parathyroid hormone.

Table 6. Differences in BMD and muscle strength according to bone microarchitecture degradation and sex

Men \Women

Variables Sample Bone degradation (TBS <1.230) Sample Bone degradation (TBS <1.230)

-~ P-value -~ P-value

(N=23) Yes (N=4) No (N=19) (N=34) Yes (N=9) No (N=25)

LS-BMD (g/cm?) 1.183+£0.186  1.062+0.120  1.209+0.189  0.1567 1.062+0.181 0.957+0.174  1.099+0.172 0.042?¢
FN-BMD (g/cm?) 0.980+0.136  0.854+0.087 1.007+0.130  0.036 0.891+0.170 0.812+0.185  0.919+0.159  0.109
TF-BMD (g/cm?) 1.063+0.138  0.963+0.059  1.085+0.142 0.111? 0.957+0.187  0.857%0.221 0.993+0.164  0.060”
Handgrip strength (kg) ~ 27.0+8.5 20.3£10.3 285%76 0.077 13.7x456 10.7£2.2 148+48 0.002%

BMD, bone mineral density; LS, lumbar spine; FN, femoral neck; TF, total femur; TBS, trabecular bone score.

IStudent’s t-test.

tion was observed between bone degradation and low LS-
BMD (P=0.042); however, no association was observed be-
tween bone degradation and FN-BMD (P=0.109) (Table 6).
Low HGS was associated with bone degradation (P=0.002),
but not with osteoporosis (13.1%3.7 kg vs. 14.6+4.6 kg;
P=0.363).

DISCUSSION

This cross-sectional study investigated changes in areal
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BMD and bone microarchitecture, as well as fracture histo-
ry, in middle-aged patients hospitalized for decompensat-
ed HF. Our results showed an association between higher
serum PTH and the presence of osteoporosis and bone
degradation indicated by TBS, with low BMI being associ-
ated with osteoporosis but not with low TBS, while muscle
strength was associated with bone degradation but not
with osteoporosis.

In this study, a relevant history of clinical fractures was
found in middle-aged patients with HF. None of the pa-
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tients with a history of fracture had osteoporosis by BMD,
and one-third of them had normal bone mass. Although
BMD is considered the best predictor of osteoporotic frac-
ture in clinical practice, most fragility fractures occur in in-
dividuals with osteopenia, and it is recommended that frac-
ture risk assessment combines BMD with other risk factors
for these events.[5,13] We also found comparable rates of
osteoporosis and fractures in males and females, which
contrasts with the higher prevalence of these findings in
women in the general population.[14,15] Previous studies
have reported an association of HF with a higher risk of
major osteoporotic fractures, increasing these events by
30%, independently of BMD and other traditional risk fac-
tors.[16] These data indicate HF to be a potential cause of
bone impairment in middle-aged individuals, seemingly
capable of equalizing the rates of bone loss and fractures
between the sexes.

Several mechanisms can explain the skeletal consequenc-
es of HF. Tissue hypoxia promotes osteoclastic activity.[17-
19] The hyperactivation of the renin—angiotensin—aldoste-
rone system, a key mechanism in the pathophysiology of
HF, increases calcium and magnesium excretion and oxida-
tive stress, which contribute to the elevation of PTH levels
and the consequent potentiation of bone resorption.[1,2,
20,21] Functional limitations and immobility caused by HF
also generate bone loss.[3,22,23] Furthermore, CKD and vi-
tamin D deficiency, which are major causes of secondary
hyperparathyroidism, are often present in a multimorbid
context with HF[24,25] as observed in our study, wherein
each morbidity affected more than one-third of the evalu-
ated individuals. In the present study, serum PTH and 25
(OH)D levels as well as serum PTH and eGFR were negative-
ly correlated, which reinforces the importance of second-
ary hyperparathyroidism as a cause of bone impairment in
HF.

It is uncommon for middle-aged individuals to comprise
the study population of epidemiological studies evaluat-
ing the association between osteoporosis and HF. Another
study was identified that evaluated bone health in patients
with HF specifically in this age group, which found an as-
sociation between high PTH levels and the incidence of ver-
tebral fractures.[26] In our study, an association was found
between osteoporosis, BMD, and high serum PTH. Thus,
PTH can be considered a potential biomarker of bone mass
loss and fracture risk in middle-aged individuals with HF.
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In the present study, BMI and BMD were positively corre-
lated; however, no correlation was found between BMI and
TBS. In the absence of HF, high BMI may interfere with the
accuracy of TBS.[27-30] However, to our knowledge, no
previous studies have evaluated the correlation between
TBS and BMI in individuals with HF. Therefore, despite the
small number of patients undergoing this method, our
study demonstrated TBS to be an important tool in assess-
ing bone health in individuals with HF without major in-
terference that may be attributable to BMI. Furthermore,
the negative correlation observed between PTH levels and
TBS, but not between PTH levels and TS-LS, reinforces the
idea that TBS can provide additional information on bone
health in HF. Although higher BMI is associated with high
BMD, it remains crucial to explore body composition, espe-
cially since lean, mineral-free mass has been shown to be
the main component of soft tissues associated with higher
BMD.[31]

In a study with older women, an association was found
between LVEF and BMD, suggesting that impaired ventric-
ular function contributes to osteoporosis development.
[32] In the present study, although no statistically signifi-
cant association was found, a trend toward lower LVEF val-
ues in the participants with osteoporosis was observed.
Regarding HF symptoms, one study in elderly patients found
that NYHA-FC was associated with bone loss,[33] contrast-
ing with our findings in non-elderly individuals.

Regarding muscle strength, an Asian study evaluated
HGS in women and men above the age of 50 years. They
found low HGS to be associated with low BMD in multiple
sites and bone degradation, as indicated by TBS.[34] In the
present study, an association was observed between low
HGS and bone degradation but not between low HGS and
osteoporosis. To the best of our knowledge, there were no
previous studies that evaluated these associations in indi-
viduals with HF. Furthermore, we found an association be-
tween bone microarchitecture degradation in males and
low FN-BMD, but not LS-BMD, while the opposite was ob-
served in females. This indicates the potential of muscle
strength, bone mass, and microarchitecture to have specif-
ic characteristics in the middle-aged population with HF,
which is different from that of the general population.

The main limitations of this study are associated with its
design, the absence of a control group, the absence of a
tool to actively search for fractures, and possibly the sam-
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ple size. Moreover, reverse causality bias, inherent to cross-
sectional studies, must be considered, especially due to
the overlapping risk factors and pathophysiological mech-
anisms between HF and musculoskeletal impairments. The
absence of normal distribution for most of the quantitative
variables made it impossible to adequately fulfill the as-
sumptions for performing multivariate analysis, which would
provide results that are less influenced by potential con-
founding factors. The use of an imaging method that al-
lows the investigation of morphometric fractures could
demonstrate a higher prevalence of this bone outcome, as
we only evaluated the history of previous osteoporotic frac-
tures. The sample size was obtained by non-probability sam-
pling during the proposed data collection period of 9 months
and may have contributed to the absence of normal distri-
bution in some variables. The absence of a control group
does not allow us to determine the effect of HF on bone
metabolism. The strength of our study lies in the scarcity of
studies evaluating bone health, including bone microar-
chitecture, in non-elderly patients hospitalized with HF and
its associated factors.

In conclusion, we found relevant frequencies of osteo-
porosis and bone microarchitectural degradation in mid-
dle-aged patients with HF, which were related to high se-
rum PTH concentrations. The presence of bone degrada-
tion indicated by TBS proved to be a useful tool, as unlike
BMD, it did not suffer interference from BMI and was asso-
ciated with low muscle strength.

DECLARATIONS

Acknowledgments

The authors would like to thank the Endocrinology and
Cardiology divisions of the Institution for making the re-
search possible.

Ethics approval and consent to participate

This study conformed to the ethical guidelines of the 1975
Declaration of Helsinki and all patients provided written
informed consent prior to enrollment.

Conflict of interest
No potential conflict of interest relevant to this article
was reported.

https://doi.org/10.11005/jbm.2023.30.2.167

Bone in Patients Hospitalized for Heart Failure [l

ORCID
Lucian Batista de Oliveira
https.//orcid.org/0000-0002-6930-0664
Mariana Andrade de Figueiredo Martins Siqueira
https://orcid.org/0000-0002-7774-9269
Rafael Buarque de Macedo Gadélha
https://orcid.org/0000-0001-5149-3990
Beatriz Pontes Barreto
https://orcid.org/0000-0001-8716-4398
Alice Rodrigues Pimentel Correia
https://orcid.org/0000-0001-7784-2909
Vinicius Belfort Ledo
https.//orcid.org/0000-0002-9020-4458
Jessica Garcia https://orcid.org/0000-0002-4067-9527
Francisco Bandeira https.//orcid.org/0000-0003-0290-0742

REFERENCES

1. McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guide-
lines for the diagnosis and treatment of acute and chronic
heart failure. Eur Heart J 2021;42:3599-726. https://doi.
org/10.1093/eurheartj/ehab368.

2. Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 AHA/ACC/
HFSA guideline for the management of heart failure: A re-
port of the American College of Cardiology/American Heart
Association Joint Committee on clinical practice guidelines.
Circulation 2022;145:6895-e1032. https://doi.org/10.1161/
¢ir.0000000000001063.

3. Loncar G, Cvetinovic N, Lainscak M, et al. Bone in heart fail-
ure. J Cachexia Sarcopenia Muscle 2020;11:381-93. https:
//doi.org/10.1002/jcsm.12516.

4. Camacho PM, Petak SM, Binkley N, et al. American Associ-
ation of Clinical Endocrinologists/American College of En-
docrinology Clinical Practice Guidelines for the diagnosis
and treatment of postmenopausal osteoporosis-2020 up-
date. Endocr Pract 2020;26:1-46. https://doi.org/10.4158/
gl-2020-0524suppl.

5. Silva BC, Bilezikian JP. Trabecular bone score: Perspectives
of an imaging technology coming of age. Arq Bras Endo-
crinol Metabol 2014;58:493-503. https://doi.org/10.1590/
0004-2730000003456.

6. Chuang TL, Chuang MH, Koo M, et al. Association of bone
mineral density and trabecular bone score with cardiovas-
cular disease. Ci Ji Yi Xue Za Zhi 2020;32:234-9. https://doi.
org/10.4103/tcmj.tcmj_234_19.

https://e-jom.org/ 175


https://doi.org/10.1161/cir.0000000000001063
https://doi.org/10.1161/cir.0000000000001063
https://doi.org/10.1002/jcsm.12516
https://doi.org/10.1002/jcsm.12516
https://doi.org/10.1590/0004-2730000003456
https://doi.org/10.1590/0004-2730000003456

| Lucian Batista de Oliveira, et al.

7. McCloskey EV, Odén A, Harvey NG, et al. A meta-analysis
of trabecular bone score in fracture risk prediction and its
relationship to FRAX. J Bone Miner Res 2016;31:940-8. https:
//doi.org/10.1002/jbmr.2734.

8. Kanis JA, Johnell O, Oden A, et al. FRAX and the assessment
of fracture probability in men and women from the UK.
Osteoporos Int 2008;19:385-97. https://doi.org/10.1007/
s00198-007-0543-5.

9. ElSayed NA, Aleppo G, Aroda VR, et al. 2. Classification and
diagnosis of diabetes: Standards of care in diabetes-2023.
Diabetes Care 2023;46:519-540. https://doi.org/10.2337/
dc23-S002.

10. Levey AS, Stevens LA, Schmid CH, et al. A new equation to
estimate glomerular filtration rate. Ann Intern Med 2009;
150:604-12. https://doi.org/10.7326/0003-4819-150-9-
200905050-00006.

11. Moreira CA, Ferreira C, Madeira M, et al. Reference values
of 25-hydroxyvitamin D revisited: a position statement
from the Brazilian Society of Endocrinology and Metabo-
lism (SBEM) and the Brazilian Society of Clinical Patholo-
gy/Laboratory Medicine (SBPC). Arch Endocrinol Metab
2020;64:462-78. https://doi.org/10.20945/2359-399700
0000258.

12. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: Revised
European consensus on definition and diagnosis. Age Age-
ing 2019;48:16-31. https://doi.org/10.1093/ageing/afy169.

13. Stone KL, Seeley DG, Lui LY, et al. BMD at multiple sites and
risk of fracture of multiple types: Long-term results from
the Study of Osteoporotic Fractures. J Bone Miner Res 2003;
18:1947-54. https://doi.org/10.1359/jbmr.2003.18.11.1947.

14. Clynes MA, Harvey NC, Curtis EM, et al. The epidemiology
of osteoporosis. Br Med Bull 2020;133:105-17. https://doi.
0rg/10.1093/bmb/Idaa005.

15. Salari N, Ghasemi H, Mohammadi L, et al. The global prev-
alence of osteoporosis in the world: a comprehensive sys-
tematic review and meta-analysis. J Orthop Surg Res 2021;
16:609. https://doi.org/10.1186/513018-021-02772-0.

16. Majumdar SR, Ezekowitz JA, Lix LM, et al. Heart failure is a
clinically and densitometrically independent risk factor
for osteoporotic fractures: population-based cohort study
of 45,509 subjects. J Clin Endocrinol Metab 2012;97:1179-
86. https://doi.org/10.1210/jc.2011-3055.

17. Amett TR, Gibbons DC, Utting JC, et al. Hypoxia is a major
stimulator of osteoclast formation and bone resorption. J
Cell Physiol 2003;196:2-8. https://doi.org/10.1002/jcp.10321.

176  https://e-jobm.org/

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

JBM

Abe H, Semba H, Takeda N. The roles of hypoxia signaling
in the pathogenesis of cardiovascular diseases. J Athero-
scler Thromb 2017;24:884-94. https://doi.org/10.5551/jat.
RV17009.

Ge G, Li J, Wang Q. Heart failure and fracture risk: A meta-
analysis. Osteoporos Int 2019;30:1903-9. https://doi.org/
10.1007/s00198-019-05042-2.

Orsborne C, Chaggar PS, Shaw SM, et al. The renin-angio-
tensin-aldosterone system in heart failure for the non-spe-
cialist: the past, the present and the future. Postgrad Med
J2017;93:29-37. https://doi.org/10.1136/postgradmed;-
2016-134045.

Mo C, Ke J, Zhao D, et al. Role of the renin-angiotensin-al-
dosterone system in bone metabolism. J Bone Miner Metab
2020;38:772-9. https://doi.org/10.1007/s00774-020-01132-y.
Manemann SM, Chamberlain AM, Roger VL, et al. Multi-
morbidity and functional limitation in individuals with
heart failure: A prospective community study. J Am Geri-
atr Soc 2018;66:1101-7. https://doi.org/10.1111/jgs.15336.
Herrmann M, Engelke K, Ebert R, et al. Interactions between
muscle and bone-where physics meets biology. Biomole-
cules 2020;10:432. https://doi.org/10.3390/biom10030432.
Patel RB, Fonarow GC, Greene SJ, et al. Kidney function
and outcomes in patients hospitalized with heart failure. J
Am Coll Cardiol 2021;78:330-43. https://doi.org/10.1016/
jjacc.2021.05.002.

Kim DH, Sabour S, Sagar UN, et al. Prevalence of hypovita-
minosis D in cardiovascular diseases (from the National
Health and Nutrition Examination Survey 2001 to 2004).
Am J Cardiol 2008;102:1540-4. https://doi.org/10.1016/
j.amjcard.2008.06.067.

Cellini M, Piccini S, Ferrante G, et al. Secondary hyperpara-
thyroidism and thoracic vertebral fractures in heart failure
middle-aged patients: a 3-year prospective study. J Endo-
crinol Invest 2020;43:1561-9. https://doi.org/10.1007/
s40618-020-01237-1.

Ayoub ML, Khoury GE, Zakhem E, et al. Trabecular Bone
Score in obese, overweight and normal-weight young men-
Le Trabecular Bone Score chez des jeunes hommes obeses,
en surpoids et normo-pondérés. Sci Sports 2017;32:33-8.
https://doi.org/10.1016/j.5cisp0.2016.08.004.

Shayganfar A, Farrokhi M, Shayganfar S, et al. Associations
between bone mineral density, trabecular bone score, and
body mass index in postmenopausal females. Osteoporos
Sarcopenia 2020;6:111-4. https://doi.org/10.1016/j.afos.

https://doi.org/10.11005/jbm.2023.30.2.167


https://doi.org/10.1002/jbmr.2734
https://doi.org/10.1002/jbmr.2734
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.20945/2359-3997000000258
https://doi.org/10.20945/2359-3997000000258
https://doi.org/10.1359/jbmr.2003.18.11.1947
https://doi.org/10.1002/jcp.10321
https://doi.org/10.1007/s00198-019-05042-2
https://doi.org/10.1007/s00198-019-05042-2
https://doi.org/10.1111/jgs.15336
https://doi.org/10.1007/s40618-020-01237-1
https://doi.org/10.1007/s40618-020-01237-1
https://doi.org/10.1016/j.afos.2020.08.002

JBM

20.

30.

31.

2020.08.002.

Kim YS, Han JJ, Lee J, et al. The correlation between bone
mineral density/trabecular bone score and body mass in-
dex, height, and weight. Osteoporos Sarcopenia 2017;3:
98-103. https://doi.org/10.1016/j.afos.2017.02.001.

Kong SH, Hong N, Kim JW, et al. Application of the trabec-
ular bone score in clinical practice. J Bone Metab 2021;28:
101-13. https://doi.org/10.11005/jbm.2021.28.2.101.
Abshire DA, Moser DK, Clasey JL, et al. Body composition
and bone mineral density in patients with heart failure.
West J Nurs Res 2017;39:582-99. https://doi.org/10.1177/
0193945916658885.

https://doi.org/10.11005/jbm.2023.30.2.167

32.

33.

34.

Bone in Patients Hospitalized for Heart Failure [l

Laudisio A, Marzetti E, Antonica L, et al. Association of left
ventricular function with bone mineral density in older
women: a population-based study. Calcif Tissue Int 2008;
82:27-33. https://doi.org/10.1007/500223-007-9094-1.
Fang Y, Wang L, Xing W, et al. Bone mineral density in old-
er patients with chronic heart failure is related to NYHA
classification: a retrospective study. Eur Geriatr Med 2018;
9:183-9. https://doi.org/10.1007/541999-018-0027-5.

Lin YH, Chen HC, Hsu NW, et al. Hand grip strength in pre-
dicting the risk of osteoporosis in Asian adults. J Bone Min-
er Metab 2021;39:289-94. https://doi.org/10.1007/s00774-
020-01150-w.

https://e-jbm.org/ 177


https://doi.org/10.1016/j.afos.2020.08.002
https://doi.org/10.1177/0193945916658885
https://doi.org/10.1177/0193945916658885
https://doi.org/10.1007/s00774-020-01150-w
https://doi.org/10.1007/s00774-020-01150-w




