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Analysis of Bone Mineral Density and Hip Fracture in

Geriatric Patients with Heart Failure

ABSTRACT

Objective: Osteoporosis, identified by low Bone Mineral Density (BMD), is a progressive
disease affecting especially older adults. Hip fracture is the important result of
osteoporosis. Heart failure and osteoporosis are two common chronic conditions that are
critical in healthcare of older adults. This study is aimed at evaluating bone mineral density
and hip fractures in geriatric aged patients with heart failure.

Methods: We retrospectively analyzed 157 geriatric patients with heart failure and 155
geriatric control subjects without any cardiovascular disease and risk factors. The results of
transthoracic echocardiography, biochemical analysis and bone mineral densitometry
results (DEXA) were evaluated from patient file data. Medical records of clinics provided
the osteoporotic fracture history and operation for fracture, list of current and prior use of
medications.

Results: Among the 157 patients, 45 (29%) had normal BMD, 14 (9%) had osteopenia,
and 98 (62%) had osteoporosis. In 155 control subjects, 68 (44%) had normal BMD, 12
(8%) had osteopenia, and 75 (46%) had osteoporosis (P=0.019). Sixteen subjects (10.2%)
in heart failure group and 6 subjects (3.9%) in controls had hip fracture (p=0.029). Level of
25-hydroxy vitamin D was significantly lower in heart failure than in controls (p<0.001).
Conclusions: Patients with heart failure have a lower bone mineral density, low vitamin D
level and an increased rate of hip fractures. These findings can be explained by shared risk
factors and pathogenetic mechanisms. Further prospective studies should be performed for
evaluating the role of heart failure in osteoporotic hip fractures.
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Kalp Yetersizligi Olan Geriatrik Hastalarda Kemik Mineral

Dansitometri ve Kal¢a Kiriklarimin Degerlendirilmesi

OZET

Amag: Osteroporoz 6zellikle yash hastalar etkileyen, diigsiik kemik mineral dansitometri
(KMD) ile tanimlanan ilerleyici bir hastaliktir. Kal¢a kirigt osteoporozun Snemli bir
sonucudur. Osteoporoz ve kalp yetersizligi, yash hastalarda giderek 6nem kazanan iki
6nemli kronik saglik sorunudur. Bu ¢aligmada kalp yetersizligi olan geriatrik yas grubunda
kemik mineral dansitometri sonuglar1 ve kalga kiriklarinin degerlendirilmesi amaglanmigtir.
Gerec ve Yontem: 65 yas ve iizeri kalp yetersizligi tanis1 almig 157 hasta ve kontrol grubu
olarak kardiovaskiiler risk faktorii ve hastaligi olmayan 155 hasta retrospektif olarak
degerlendirildi. Hastalarin transtorasik ekokardiyografi sonuglari, biyokimyasal analizleri
ve kemik mineral dansitometri sonuglar1 (DEXA) hasta dosya verilerinden incelendi.
Osteoporotik kirtk ve kirik igin operasyon Oykiisii, kullanmakta oldugu ve onceki
kullandig ilag listesi, diger takipli oldugu merkezlerin tibbi kayitlarindan elde edildi
Bulgular: Kalp yetersizligi olan 157 hastanin, 45’inde (%29) normal KMD, 14‘linde (%9)
osteopeni ve 98’inde (%62) osteoporoz vardi. Kontrol grubunda 155 hastanin 68’inde
(%44) normal KMD, 12’sinde (%8) osteopeni ve 75’inde (%46) osteoporoz saptandi (p =
0,019). Kalp yetersizligi grubunda 16 (%10,2) ve kontrollerde 6 olguda (%3,9) kalga kirigi
Oykiisii vard1 (p = 0,029). 25-hidroksi vitamin D seviyesi kontrol grubuna gore kalp
yetersizligi olan grupta istatistiksel olarak diisiik bulundu (p <0,001).

Sonug: Kalp yetersizligi olan hastalarda daha disiik kemik mineral yogunlugu, disiik D
vitamini diizeyi ile birlikte kal¢a kirigi oraninda artis olup, bu bulgular mevcut risk
faktorleri ve patogenetik mekanizmalar ile agiklanabilir. Osteoporotik kalga kiriklarinda,
kalp yetersizliginin roliinii degerlendirmek i¢in prospektif ileri ¢aligmalara ihtiyag vardir.
Anahtar Kelimeler: Vitamin D, Kalgca Kirgi, Kalp Yetersizligi, Kemik Mineral
Dansitometri, Osteoporoz.
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INTRODUCTION

Aging is associated with morphological and
functional changes in human tissue. A dramatic
increase in older adults causes an increase in
multiple medical and surgical conditions. In
geriatric population there are many diseases which
have a close relationship with each other. Heart
failure and osteoporosis are two common chronic
conditions that are critical in healthcare of older
adults. In frail older adults, incidence of both HF
and osteoporosis are frequent (1-3). It is crucial to
assess the interaction of these common conditions
in geriatric populations.

Osteoporosis defined by low Bone Mineral
Density (BMD), is a progressive disease affecting
especially older adults. In a study from our country,
its prevalence in the geriatric age group was
reported as 46.6% in men and 64.1% in women (4).
The crucial concern about low BMD is the high risk
of hip fractures. Surgical repair, extended hospital
stay and rehabilitation therapy may be needed in the
occurrence of a hip fracture. Hip fracture is also
associated with increased risk of mortality (5).

Common risk factors influence both heart
diseases and bone metabolism. Coexistence of these
two conditions, osteoporosis and heart failure, in
older adults may be affected by these risk factors.
An independent correlation between osteoporosis
and coronary artery disease was reported recently

(6).

The aim of this study is to evaluate bone
mineral density and hip fractures in geriatric aged
patients with heart failure.

MATERIAL AND METHODS
Patients and their selection: Our study was

approved by the local ethics committee. A
retrospective analysis of 312 patients between
August 2013 and January 2015 was performed.
This cross-sectional study was conducted in
Orthopedics and Cardiology outpatient clinics. The
study included 157 geriatric patients with heart
failure and 155 geriatric control subjects without
any cardiovascular disease and risk factors.
Exclusion criteria were alcoholism, malignancy,
chronic renal disease, collagen vascular disease and
infection.

Medical records of each clinic as well as
case report forms provided by the patients were
collected for information on patient demographics
and clinical parameters, including any osteoporotic
fracture history and operation for fracture, list of
current and prior use of medications.

Clinical laboratory and echocardiography
findings of the study population were evaluated.
BMD values in patients with heart failure versus
control subjects at each main skeletal site were
evaluated too. After the data collection was

completed, heart failure group and control group
were compared for the patient demographic
characteristics and the clinical parameters.

Transthoracic Echocardiography: All
patients underwent a transthoracic
echocardiographic examination (System three (GE
Vingmed Ultrasound, Horten, Norway) cardiac
ultrasound scanner and 3.5 MHz transducers were
used.

Left atrial and left ventricular dimensions
were evaluated in the parasternal long axis view.
By wusing M mode echocardiography, left
ventricular end diastolic and end systolic dimension
were measured. In the parasternal long axis view
aortic root diameter was taken. Teichholz equation
was used to provide the left ventricular ejection
fraction (LVEF)

Biochemical Analysis: An automatic
analyzer (Konelab 601, Thermo Scientific, Filland)
was used to enzymatically measure fasting serum
total cholesterol, triglycerides, LDL-cholesterol,
HDL-cholesterol, (Lot No: B302, Konelab), alanine
aminotransferase (ALT) (Lot No: C239, Konelab),
Gamma-glutamyltransferase (GGT) (Lot No: C331,
Konelab), and aspartate aminotransferase (AST)
(Lot No: C372, Konelab). Triglycerides (Lot No:
C186, Konelab) and total cholesterol (Lot No:
B540, Konelab) were evaluated with enzymatic
colorimetric tests, HDL-C (Lot No: C136, Konelab)
and low-density lipoprotein-cholesterol (Lot No:
C435, Konelab) were evaluated with the
homogeneous enzymatic colorimetric test. The
alkaline picrate (Jaffe) method (Lot No: C092,
Konelab) was used to measure the serum creatinine.

By using osteocalcin kit (Catalog No:
LKONL1) osteocalcin was measured with Immulite
1000 (Siemens Healthcare DiagnosticsiL, USA).
Bone Alkaline Phosphatase level was calculated
with Ostease IRMA kit (Immunotech, Beckman
Coulter, Inc. Fullerton, CA, USA). Serum 25
hydroxyvitamin-D, calcitriol, and B-ALP levels
were calculated with RIA. 1,25(0H)2-VIT.D3-
RIA-CT kit (Catalog No: KIP1921) (Biosource,
Neville, Belgium) and 250H-VIT.D3-RIA-CT kit
(Catolog No: KIP1961) were used.

BMD measurements: L2-L4
anteroposterior lumbar spine and a femoral neck
bone DEXA study were applied to the patients. The
radiology department performed the BMD studies.
Results were named as T- and Z-scores. Below the
mean BMD for sex-matched young controls T-
scores were described as numbers of standard
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deviations. The patients were stratified according to
World Health Organization Study.

Group recommendation: In comparison to
the control values, lumbar spine T-scores were
accepted as normal if T-score was greater than -1,
osteopenic if the T-score was between -1 and -2.5,
and osteoporotic if the T score was less than or
equal to -2.5 compared to the control values where
appropriate (7). Below the mean BMD of sex and
age matched controls Z scores were described as
the number of standard deviations.

Statistical analysis: Statistical analyses
were performed using the statistical package SPSS
10.0 for Windows. The Kolmogorov—Smirnov test
was used for evaluating numeric variables of the
study group met the assumption of normal
distribution. Descriptive statistics of the numerical
parametric variables were calculated as mean +
standard deviation; non-parametric variables were
calculated in the median (minimum-maximum);

and categorical variables were expressed as a
percentage (%). To compare categorical variables
between groups, a Chi-square test was used. For the
comparison of categorical variables between
groups, an independent samples t-test was used to
compare the numerical variables between groups
and see if the assumptions were met. If not, a
Mann-Whitney U test was used, and a one-way
analysis of variance (ANOVA) was used to
compare more than two groups. A p value of <0.05
was considered statistically significant.

RESULTS

Demographic characteristics did not differ
between patients with heart failure and controls
(Table 1). Heart failure patients have lower ejection
fraction (32.7+5.7 vs 66.2+4.2, p<0.001). A total of
157 HF patients (94 (%60) female, mean age: 74.3
+ 6.7) grouped according to NYHA functional
class. NYHA functional dispersion were as
following: Fifty-four patients in function class I, 67
inclass Il, 21 in class Il and 15 in class IV.

Table 1. Clinical laboratory and echocardiography findings of the study population

Heart Failure (n=157) Control (n=155) P value
Age (years) 743 +£6.7 72.6+£54 NS
Gender (M/F) 94/63 99/56 NS
Smokers (N (%)) 42 (26.7%) 48 (30.9%) NS
Systolic BP (mmHg) 125 (95-140) 123 (90-140) NS
Diastolic BP (mmHg) 78 (60-85) 74 (50-90) NS
Height (cm) 163.4+8.5 165.5+8.7 NS
Body weight (kg) 75.5£13.7 73.3£11.5 NS
BMI (kg/m?) 28.1+3.9 26.8+4.1 0.015
FPG (mg/dl) 95 (76-110) 91(67-110) 0.
Creatinine (mg/dl) 1.0 (0.6-2.4) 1.0 (0.5-4.6) NS
Total cholesterol (mg/dl) 205.5+18.9 199.7£17.9 NS
LDL-Cholesterol (mg/dl) 123.2+43.5 126.4+31.8 NS
HDL-Cholesterol (mg/dl) 45.2+12.0 47.2+11.9 NS
Triglyceride (mg/dl) 156 (31-432) 148 (31-323) NS
ALT (U/L) 18 (5-45) 16 (2-41) NS
AST (U/L) 21 (13-45) 21 (9-40) NS
ALP (U/L) 78.5421.5 76.84+20.5 NS
GGT (U/L) 24 (12-43) 25 (7-51) NS
Bone Alkaline Phosphatase (U/l) 18.7 (2.9-201) 10.3(2.0-41.1) <0.001
25 hydroxyvitamin-D (ng/ml) 15.1£10.2 29.1+£20.4 <0.001
LVEDD 6.4=0.5 4.60.5 <0.001
LVESD 5.2+0.6 2.9+0.4 <0.001
LVEF 32.7+£5.7 66.24+4.2 <0.001

LVEDD: left ventricle end diastolic diameter; LVESD: left ventricle end systolic diameter; LVEF: left ventricle ejection fraction

The prevalence of

OStGOpOI’OSiS was

(46%) had osteoporosis (P=0.019). Sixteen subjects

significantly more frequent in patients with heart
failure compared to control subjects at the total hip,
femoral neck and lumbar spine (Table 2). Among
the 157 patients, 45 (29%) had normal BMD, 14
(9%) had osteopenia, and 98 (62%) had
osteoporosis. In 155 control subjects,68 (44%) had
normal BMD, 12 (8%) had osteopenia, and 75

(10.2%) in heart failure group and 6 subjects (3.9%)
in controls had hip fracture (p=0.029). There was
no lumbar fracture in the study population.

Bone specific alkaline phosphatase levels
were significantly higher in patients with heart
failure compared to the control group (18.7 (2.9-
201) vs. 10.3 (2.0-41.1), p< 0.001). Level of 25-
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Table 2. BMD values in patients with heart failure versus control subjects at each main skeletal sites

Heart Failure (n=157)

Control (n=155) P value

AP Spine L1

T score -1.60 (-4.92- 3.50)

0(-4.72- 3.00) <0.001

Percent osteoporosis (%)

AP Spine L2

T score -1.78(-5.71-3.80)

-1.03(-4.91-3.00) <0.001

Percent osteoporosis (%)

AP Spine L3

T score -1.90(-5.31-4.70)

-0.93 (-4.62- 4.70) <0.001

Percent osteoporosis (%)

AP Spine L4

T score -1.65 (-5.59-4.23)

-0.92 (-6.21-5.34) <0.001

Percent osteoporosis (%)

Femoral neck

T score -2.66 (-5.14-2.40)

-2.17 (-4.53-2.40) 0.001

Percent osteoporosis (%)

Femoral Trochanteric

T score -1.90 (-6.09-2.90)

-1.19 (-6.6-2.9) <0.001

Percent osteoporosis (%)

Femoral total

T score -1.99 (-5.26-2.8)

-1.21 (-3.70-3.00) <0.001

Percent osteoporosis (%)

Femoral Ward triangle

T score -3.22 (-6.22-3.60)

-2.61 (-4.88-3.44) <0.001

Percent osteoporosis (%)

hydroxyvitamin D was significantly lower in heart
failure than in controls (15.1+10.2 vs. 29.1+20.4
ng/ml; p<0.001). Another marker of bone
formation, serum osteocalcin, was not different
between groups.

DISCUSSION

This study concluded that heart failure was
correlated with a significant worsening of femoral
and vertebral bone mineral density parameters. A
significant association was identified between
LVEF and these parameters. Compared to the
control group, we also found that there were more
frequent hip fractures in patients with heart failure.

Previous studies attributed low bone mass to
increased cardiovascular conditions. There are
several studies evaluating the epidemiology of hip
fractures in heart failure. This study is a significant
contribution to studies evaluating the epidemiology
of hip fractures in heart failure. Van Diepen et al
reported a 6-fold increased risk of hip fractures
following a diagnosis of heart failure compared
with patients having a cardiovascular disease
without heart failure in the first year (8). Our study
also demonstrated 3-fold increased prevalence of
hip fracture in heart failure (3,9 vs 10.2%, p =
0.029). Our study aimed to assess both BMD and
hip fracture data in heart failure.

Carbone et al demonstrated that patients
with heart failure are at high risk for fractures of the
hip. Moreover, they showed that hip fractures are a
substantial contributor to mortality in men and
women with heart failure (9). The result of our
study is concordant to their findings. As superiority

to other similar studies, we analyzed 25-OH
vitamin D levels and found that they are
significantly lower in heart failure patients.

There can be some explanations for
association between BMD and cardiovascular
conditions. The exact mechanism of this association
isn’t totally understood yet. Theoretically it can be
attributed to the common risk factors that influence
both heart failure and bone metabolism. Commonly
known risk factors for cardiovascular disease
include male sex, menopause and advanced age.
Other risk factors for cardiovascular disease such as
hypertension, oxidative stress, diabetes,
dyslipidemia, and inflammation have also been
related with increased risk of low BMD. Other
possible explanations are inflammation, low
vitamin D level and nitric oxide (10). Inflammation
highly affects the process of OP as well as the
condition of heart failure. Nitric oxide, which is a
known mediator in pathophysiology of heart
failure, may also have osteoblastic activity. It also
effects bone turnover (11-13).

Study limitations The study is retrospective
which is it’s the main limitation. This study was
planned as a cross-sectional manner, so causality
could not be determined. Further studies with a
prospective follow up including mortality and hip
fracture analyses are needed.

Conclusion: Patients with heart failure have
a lower bone mineral density, low vitamin D level
and an increased rate of hip fractures. Shared risk
factors and pathogenic mechanisms affect these
findings. Further prospective studies should be
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