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Abstract
Introduction Heart failure and osteoporosis are common
conditions in older, frail individuals. It is important to in-
vestigate interactions of the common problems in the aging
population to devise relevant interventions.
Methods Sixty individuals (43 men, mean age 77±9 years,
and 17 women, mean age 78±12 years) with heart failure
(HF) and 23 age- and gender-matched non-HF controls (15
men, eight women; mean age 77±9 years) underwent hip
and bone mineral density (BMD) assessments; frailty
assessment; physical performance assessment including
6-min walk, grip strength, and self-reported physical activity;
and biochemical assessment including calcium, parathyroid
hormone (PTH), 25-hydroxy vitamin D (25-OHD), estradiol,

creatinine (Cr), and blood urea nitrogen levels (BUN).
Results Significant differences between HF and control
groups were found for BMD Z-scores of the femoral neck,
total femur, and trochanteric region at the femur (p<.05).
Further differences between groups included frailty score
(p=.02), 6-min walking distance (p<.001), and self-reported
physical activity (p=.001). In addition, several differences
between groups were present for calcium (p=.054), PTH
(p<.001), 25-OHD (p=.01), Cr (p=.04), and BUN (p=.01).
In regression analysis, HF (defined as case, by ejection
fraction, or by New York Heart Association class), frailty
status, and vitamin D were significant predictors of lower
bone mass at the femur.
Conclusions Individuals with HF have lower BMD, in part
related to lower vitamin D status and higher frailty rates.
Interventions to optimize vitamin D and physical activity
should be explored to prevent bone loss in individuals with
heart failure.
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Introduction

There has recently been a dramatic increase in the aging of
the population, and with aging comes an increase in
medical complexity due to multiple comorbidities. The
relationship between multiple diseases and disease treat-
ment is becoming increasingly important. For the older
adult, heart failure (HF) and osteoporosis are two common
chronic conditions that are gaining importance for health-
care. Both HF and osteoporosis are more common in frail
individuals [1–3]. It is important to investigate interactions
of the common problems in the aging population to devise
relevant interventions.
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Heart failure is a major public health problem and the
most common cause of morbidity and mortality in older
adults [4]. The lifetime risk for HF is 1 in 5 for both men
and women [5]. The aging of the population and improved
therapy for HF is leading to an increase in the number of
older adults who will live with this disabling condition. A
recent epidemiologic study revealed that the incidence of
HF has remained unchanged in the last 20 years, but 5-year
survival with the disease has improved from 43% in 1979–
1984 to 52% in 1996–2000 (p<.001) [6]. Recognition of the
chronic physiologic changes that affect a variety of systems
in the aging HF patient is important to slow time to
disability. The increased survival and the chronicity of HF
will result in a greater impact of comorbidities.

Osteoporosis is a bone-thinning disease that results in
fractures that occur with minimal trauma. The direct
healthcare costs related to osteoporosis are estimated to be
$14 billion per year, comparable to costs of HF [7].
Osteoporosis is a common complication in individuals with
severe HF who receive cardiac transplant [8–11]. Shane et
al. [8] evaluated 101 patients undergoing evaluation for
cardiac transplant and found that BMD values, controlled
for weight and height, were similar to those of population
norms in the men but were lower in the women. There was
also a high prevalence of vitamin D insufficiency. Analysis
of the relationship of osteoporosis and HF and the
interaction with frailty in the progression to dependency
and disability is important to tailor interventions. If HF is a
major factor in the pathogenesis of osteoporosis and
fracture, development of early interventions to slow bone
loss would be warranted in frail HF patients.

We evaluated BMD in 60 older individuals with HF not
requiring cardiac transplantation and compared them with
23 community-based controls of similar age to explore the
role of HF in bone mass.

Methods

The study was reviewed and approved by the Institutional
Review Board at the University of Connecticut. HF
participants were recruited from the University of Con-
necticut Heart Failure Center. Patients age ≥60 years with
HF and an ejection fraction (EF) of ≤40% as measured by
echocardiogram, cine angiography, or radionuclide angiog-
raphy within the preceding year were offered participation
in the study. Patients were excluded if they had metastatic,
active, or advanced cancer; were undergoing chemotherapy,
radiation treatment, or hormonal therapy; had systemic
rheumatologic or connective tissue disorders; consumed
more than three alcoholic drinks per day; had used
androgen, estrogen, dehydroepiandrosterone (DHEA), or
hormone receptor antagonists in the preceding year; had

advanced liver disease or renal disease requiring dialysis;
had Parkinson’s disease; were unable to ambulate; or had
had a myocardial infarction within 3 months prior to the
study. Control participants from the greater Hartford,
Connecticut, area were recruited by newspaper advertise-
ments, physician referrals, and contacts at senior citizen
centers. Exclusion criteria were the same, and controls had
no history of HF.

After a patient gave informed consent, his or her medical
history was reviewed, including the cause of HF, comor-
bidities, hospitalization history, and the need for intrave-
nous medications in the Heart Failure Center in the
6 months prior to the study visit. A physical exam was
performed to assess HF stability and New York Heart
Association (NYHA) class. The frailty phenotype was
determined, and a 6-min walk test was performed. The
frailty phenotype evaluation based on that described by
Fried et al. [12] included self-reported weight loss of ≥10
pounds in the preceding year, grip strength as measured by
handheld Jamar dynamometer, sense of exhaustion as
evaluated by two questions from the Center of Epidemio-
logic Studies Depression Scale [13], walking speed as
measured by an 8-foot walk, and level of physical activity
reported in kcal/week from the Physical Activity Scale in
the Elderly (PASE) [14]. Individuals were reported as frail
if they met criteria in three or more of the five character-
istics. The 6-min walk was performed according to the
protocol of Guyatt et al. [15].

Bone density measurement

A dual-energy x-ray absorptiometry machine (DXA-IQ,
Lunar, Madison, WI, USA; software version 4.6f) was used
to measure BMD (g/cm2). One technician scanned and
analyzed all measures of BMD of the left femur (femoral
neck, trochanter, total femur). The coefficient of variation
of BMD measurement at the proximal femur was <1%. The
difference between an individual’s BMD and the mean
BMD for a reference population (National Health and
Nutrition Examination Survey data) can be expressed in
standard deviation units. When an individual’s BMD is
compared with the mean BMD score in a young, healthy
population, this standard deviation is referred to as the
T-score, and when compared with a similar gender-, age-,
weight-, and height-matched population, it is referred to as
a Z-score.

Biochemical measurements

Serum was divided into 0.5-ml aliquots and stored at −70°C.
Participants underwent measurement of fasting serum
calcium (Ca), blood urea nitrogen (BUN), estradiol, creatinine,
parathyroid hormone (PTH), and 25-hydroxy vitamin D
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levels (25-OHD); 25-OHD measurements were measured
by enzyme immunoassay (Immunodiagnostic Systems,
Fountain Hills, AZ, USA), with an intraassay coefficient
of variation of <6.6%. Intact PTH was measured by ELISA
(Diagnostic Systems Labs, Webster, TX, USA) with an
average intraassay variability of 5%.

Statistical analysis

Distributions of baseline characteristics and clinical assess-
ments in the study samples were summarized with counts
and percentages or with means and standard deviations as
appropriate. A contrast of the distributions for each
measurement between the HF and control samples was
performed using either the χ2 test, Student’s t-test, Welch’s
corrected t-test, or Wilcoxon’s rank sum test as warranted
by the scale, normality, and variance properties of the
particular measure. Means and standard deviations were
also determined to characterize distributions of bone
density measures between the two samples. The t-tests
and rank sum test were again used to determine the
statistical significance of differences in the centers of those
distributions. The BMD measurements were used to

classify subjects as osteoporotic, osteopenic, or normal;
frequencies of these categories were compared between the
HF and control samples using Fisher’s exact test.

Multivariate linear regression analysis was applied to
evaluate the dependence of BMD Z-scores on a number of
potentially predictive factors (HF, vitamin D, PTH level,
frailty score, PASE score, 6-min walking distance, creati-
nine clearance, and diuretic use). These independent
variables were chosen because of their known effects on
bone metabolism and/or their clinical importance in HF.
Model building started with a backwards, stepwise, variable
selection strategy. After the backwards strategy was
applied, a forward stepwise selection strategy was applied,
and the sources of differences in results between the two
approaches were identified and resolved. The model-
building process was applied to each dependent variable
three times: once using HF as an independent variable, a
second time using EF (control vs. HF with EF <20% vs. HF
with EF ≥20%) in place of HF, and a third time using
NYHA class (no HF vs. HF with NYHA classes I and II vs.
HF with NYHA classes III and IV) in place of HF. The
second and third applications of the model-building process
were undertaken to determine whether refinement of the HF
classification would lead to different conclusions regarding
predictors of BMD. Regression diagnostics were applied to
the final models for each BMD measure (femoral total,
neck, and trochanter Z-scores) to rule out effects of outliers,
nonnormality, heteroscedasticity of variance, and collinear-
ity on modeling results. A 5% significance level was used
in all statistical tests and in applying the variable selection
strategies.

Results

One hundred sixty-nine patients (68 women and 101
men) with HF were recruited for the study. Eighty-four
were eligible, and 58 (41 men, mean age 76±9, and 17
women, mean age 78±12) agreed to participate. Twenty-
three non-HF controls (15 men, eight women) with a
mean age of 77±9 years (77±9 for men, 78±11 for
women) were enrolled in the study. HF was defined by an
EF ≤40%. Among the cases, 90% (52) had EFs ≥20%,
and 10% (six) had EFs <20%. The frequencies of the
NYHA classes among the HF cases were 2% (one) in
class I, 57% (33) in class II, 36% (21) in class III, and 5%
(three) in class IV.

Descriptive characteristics for both samples are pre-
sented in Table 1. Significant differences existed between
the HF and the control groups in measures of physical
performance, including composite score of the frailty model
(p=.02), self-reported physical activity (p=.001), usual
walking speed (p=.002), and 6-min walking distance

Table 1 Baseline characteristics of heart failure and control subjects

Heart failure Control p
(n=59) (n=23)

Gender (%) 0.63
Men 70.7 65.2
Women 29.3 34.8
Age (years) 76.9±9.9 77.4±9.3 0.84
Body mass index (kg/m2) 27.7±5.3 25.7±3.6 0.06
Frailty score (%) 0.02
Not frail (0) 29.3 47.8
Prefrail (1–2) 43.1 52.2
Frail (3–5) 27.6 0.0
6-min walking distance
(feet)

1,010±402 1,432±307 <0.0001

8-foot walking time (sec) 3.1±1.5 2.1±0.6 0.002
Grip strength (kg) 25.3±10.5 28.2±9.5 0.26
Physical Activity Scale
of the Elderly

876±1073 1,533±1027 0.001

Total calcium (mg/dl) 9.3±0.4 9.5±0.3 0.046
Parathyroid hormone
(pg/ml)

131±95 65±25 <0.0001

25-hydroxy vitamin D
(ng/ml)

26.6±12.6 32.4±9.6 0.01

Estradiol (pg/ml) 33.0±13.4 31.7±9.3 0.67
Creatinine (mg/dl) 1.29±0.45 1.07±0.28 0.04
Blood urea nitrogen
(mg/dl)

25.6±13.8 18.4±6.5 0.01

Creatinine clearance
(mg/min)

57.0±25.4 61.8±21.1 0.43

Values are mean ± standard deviation except for gender and frailty
score
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(p<.001), but not hand grip strength (p=.26). Twenty-seven
percent of HF subjects met the criteria for frailty, whereas
none of the control subjects did (p=.02).

As reported in Table 1, significant differences between
groups were also noted in biochemical parameters. There
was significantly lower 25-OHD in the HF group (p=.01).
Total calcium was also lower in the HF cases, but the
difference did not reach statistical significance (p=.054).
PTH was significantly higher in HF patients (p<.001).
Eighty-three percent of HF patients and 43% of controls
were above the normal range for PTH (upper limit of
normal 65 pg/ml). No differences in estradiol levels were
detected between groups (p=.67). Measures of renal
function were different, including BUN (p=.01) and
creatinine (p=.04), although no difference was noted in
creatinine clearance (p=.43). This discrepancy may indicate
that the differences in BUN and creatinine were due to
prerenal azotemia or could reflect variability in measuring
creatinine clearance.

Comparisons of BMD of the total femur, femoral neck,
and trochanteric region of the femoral neck are shown in
Table 2. Significantly lower differences between BMD
Z-scores, which were corrected for age, gender, height, and
weight, were found in the femoral neck, total femur, and
trochanteric region of the femur for those with and without
HF (p<.05 for all). BMD T-score values were also
consistently lower in HF patients than in control subjects,
but p-values for these differences generally failed to fall
below the 5% threshold for statistical significance. BMD at
the femoral neck revealed that 19% (11) of the HF patients
had osteoporosis compared with 5% (one) of the controls,
49% (28) of HF patients had osteopenia compared with
57% (12) of controls, and 32% (18) of HF patients
compared with 38% (eight) of controls were normal. An
application of Fisher’s exact test established that the
differences in frequencies of osteoporosis and osteopenia
between patients and controls were not statistically signif-
icant (p=0.35). (Note that three subjects—one HF case and
two controls—did not have BMD assessed and are not

included in these tabulations.) In the multivariate regres-
sions (Table 3), HF and its reexpression in terms of EF
level and NYHA class were always significant predictors of
the Z-scores for total femur and the femoral trochanter. HF
cases tended to have lower Z-scores than controls on BMD
assessments at these two sites. Furthermore, among the HF
cases, those with low EFs or with high NYHA classes
tended to have lower Z-scores than cases with high EFs or
low NYHA classes, respectively.

In the models of total femur and femoral trochanter
Z-scores, the only significant predictor other than HF status
was the frailty score. In general, higher frailty scores were
associated with lower Z-scores, and the trends in mean
Z-scores across the three ordinal frailty score categories
appeared to be linear (Fig. 1). However, the frailty score
was not a significant predictor of the femoral trochanter
Z-score in the presence of NYHA class. In that circum-
stance, the frailty score was excluded from the final model
because the p-value for its slope estimate (.08), though near
the 5% threshold for inclusion, failed to reach or cross that
threshold. Although the frailty score was always a
significant predictor of the total Z-score, in the model with
NYHA class the magnitude of its slope (−0.38) was much
smaller than in the models with HF and EF level (−0.49 and
−0.53, respectively). This suggests a correlation between
the frailty score and NYHA class. Correlation analysis
established that the relationship between frailty score and
NYHA class (R=+0.47) was statistically significant
(p<.0001).

The final models for total femur and femoral trochanter
Z-scores explained between 14.5% and 22.3% of variance
in the dependent variables. In fact, all models that included
the frailty score as a predictor variable had R2 values at or
above 18.5%.

In the models for femoral neck Z-score, vitamin D was
the only consistent predictor. NYHA class was also a
significant predictor (p=.03) in conjunction with vitamin D,
but HF status (p=.08) and EF level (p=.06) missed the 5%
cutoff for inclusion in the corresponding models.

Table 2 Bone mineral density (BMD) measurements for heart failure and control subjects

Heart failure Control p

Femoral neck BMD (g/cm2) 0.86±0.17 0.92±0.15 .14
Femoral neck T-score −1.49±1.16 −1.02±1.10 .11
Femoral neck Z-score 0.02±1.04 0.64±0.84 .02
Total femur BMD (g/cm2) 0.92±0.18 1.01±0.21 .06
Total femur T-score −1.19±1.34 −0.47±1.55 .047
Total femur Z-score 0.08±1.10 0.79±1.21 .003
Femoral trochanter BMD (g/cm2) 0.79± 0.18 0.88±0.22 .07
Femoral trochanter T-score −0.93±1.42 −0.09±1.69 .03
Femoral trochanter Z-score −0.25±1.23 0.77±1.35 .002

Values are mean ± standard deviation
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The frailty score was also excluded from the final models
for femoral neck Z-score. A comparison of the p-values for
frailty score between models (p=.08 in the model with
vitamin D alone and p=.29 in the model with both vitamin

D and NYHA class) again suggests an overlap in the
information conveyed by the frailty score and NYHA class
in predicting the femoral neck Z-score. That overlap was
confirmed by results of the correlation analysis reported

Table 3 Multivariate models for bone mineral density (BMD) Z-scores using three representations of heart failure (HF heart failure, EF ejection
fraction, NYHA New York Heart Association)

Dependent variable = total Z-score
Using HF to represent HF case status:
R2=19.1%
Independent variable(s) in model Effect on Z-score (SE) p
HF case (case vs. control) −0.67 (0.29) 0.02
Frailty (ordinal) −0.49 (0.18) 0.007
Using EF to represent HF case status:
R2=22.3%
Independent variable(s) in model Effect on Z-score (SE) p
EF 0.02 (overall)
<20% HF case vs. control −1.38 (0.49) 0.007
20–40% HF case vs. control −0.57 (0.29) 0.052
Frailty (ordinal) −0.53 (0.17) 0.003
Using NYHA class to represent HF case status:
R2=19.5%
Independent variable(s) in model Effect on Z-score (SE) p
NYHA class (ordinal) −0.44 (0.18) 0.02
Frailty (ordinal) −0.38 (0.19) 0.047
Dependent variable = femoral neck Z-score
Using HF to represent HF case status:
R2=12.1%
Independent variable(s) in model Effect on Z-score (SE) p
Square root of vitamin D +0.31 (0.10) 0.002
Using EF to represent HF case status:
R2=12.1%
Independent variable(s) in model Effect on Z-score (SE) p
Square root of vitamin D +0.31 (0.10) 0.002
Using NYHA class to represent HF case status:
R2=17.3%
Independent variable(s) in model Effect on Z-score (SE) p
NYHA class (ordinal) −0.34 (0.15) 0.03
Square root of vitamin D +0.22 (0.10) 0.04
Dependent variable = trochanter Z-score
Using HF to represent HF case status:
R2=18.5%
Independent variable(s) in model Effect on Z-score (SE) p
HF case (case vs. control) −0.82 (0.32) 0.01
Frailty (ordinal) −0.50 (0.20) 0.01
Using EF to represent HF case status:
R2=22.0%
Independent variable(s) in model Effect on Z-score (SE) p
EF 0.009 (overall)
<20% HF case vs. control −1.66 (0.56) 0.004
20–40% HF case vs. control −0.69 (0.32) 0.04
Frailty (ordinal) −0.55 (0.20) 0.007
Using NYHA class to represent HF case status:
R2=14.5%
Independent variable(s) in model Effect on Z-score (SE) p
NYHA class (ordinal) −0.67 (0.19) 0.0006
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above. Further, a significant correlation between vitamin D
(after square root transformation) and frailty exists; the
correlation is −0.32, and the p-value is 0.003.

Vitamin D explained 12.1% of the variation in femoral
neck Z-score. In combination with NYHA class, it
explained 17.3% of variation in the dependent variable.
Figure 2 illustrates the relationship between vitamin D
levels and the femoral neck Z-scores both with and without
concurrent adjustment for the effects of NYHA class. To
account for skewness, the independent variable representing
vitamin D levels was transformed to a square root scale.
Inversion of that transformation after model fitting resulted
in a curvilinear relationship between vitamin D and the
femoral neck Z-score.

Discussion

We evaluated 58 older individuals with EF ≤40 who had
predominantly NYHA class II-III HF. Significant differ-
ences in femoral Z-scores were found between individuals
with HF and community-dwelling controls. One cause of
the difference could be increased weight from edema,
which would falsely decrease Z-score, but that is unlikely
in this group of individuals with well-controlled HF and
whose weights did not differ from those of the controls. HF
was a significant predictor of lower BMD as defined by our
inclusion criteria of EF ≤40 or by further differentiation of
EF or NYHA class. The BMD was also affected by frailty
status and vitamin D levels. Individuals with HF were
significantly more likely to have poor physical perfor-
mance, a higher frailty composite score, and lower 25-OHD
levels than the community-dwelling age- and gender-
matched controls. Thus, our study suggests that the
association between HF and lower bone density may be
due to fact that HF patients are more likely to be frail, have
lower endurance, and have poor nutrition and/or decreased
exposure to sunlight.

Although frailty has not been directly measured previ-
ously, in another study assessing BMD in HF patients, lower
total body BMD was seen in cachectic HF patients compared
with the noncachectic HF patients or controls, but hip or
spine BMD values were not reported [16]. Weight loss is a
component of the frailty definition, and these results suggest
that frailty and poor nutrition or elevated cytokines in
conjunction with HF can increase bone loss. Shane et al.
evaluated the bone health of NYHA class III-IV pretrans-
plant HF patients (mean age for men, 54 years; for women,
37 years) and found normal Z-scores but an increased
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prevalence (26%) of low 1,25-dihydroxy vitamin D levels
associated with impaired renal function [10]. The patients in
this study were young and may not have had time to develop
significant bone loss related to HF.

The association between fracture and frailty is clear, but
the association between osteoporosis, defined as low bone
density, and frailty is not established. Components of the
definition of frailty used in this study such as poor strength,
low levels of physical activity, and weight loss associated
with malnutrition are risk factors for osteoporotic fracture
[17–19]. Others have reported that individuals with HF are
at increased risk of frailty [2], and we found that 27% of
individuals with HF met the criteria for frailty, compared
with the usual 7% in community-dwelling adults over age
65 years [12] and none in our control group. One study of
older women found no association between level of frailty
and BMD; frailty was defined from a nurse’s or physio-
therapist’s subjective impression of an individual’s level of
frailty on a scale of 1 (not frail) to 100 (frail) after a brief
meeting with the subject [20]. In our study of 392 older
community-dwelling men, the frailty model was not
associated with BMD, although walking speed and hand
grip strength were [21].

Physical activity is a known contributor to bone health
[22–26]. Our data suggest that the poor physical perfor-
mance of older frail adults affects bone health and that HF
patients are more likely to perform poorly. Exercise
programs have successfully been used in HF patients to
improve exercise tolerance and duration [27]. Exercise is
the focus of a large ongoing multicenter trial in HF patients
to evaluate the effect on mortality, hospitalizations, and
quality of life [28]; it would be appropriate to add bone
measurements or fractures to the clinical outcomes.

Vitamin D levels were found to be low and PTH
increased in individuals with HF compared with controls.
Shane et al. also found decreased 25-OHD levels in
hospitalized HF patients compared with nonhospitalized
HF patients. They speculate that the decreased 25-OHD
levels were due to decreased sun exposure. Other causes for
the diminished 25-OHD levels in HF patients may be due
to malabsorption secondary to intestinal congestion or
decreased synthesis of 25-OHD due to hepatic congestion
[29]. While mean 25-OHD levels were in the normal range
for most of the subjects in the study, the elevated PTH level
in 81% of HF subjects and 39% of controls indicates that
levels were suboptimal and that these patients require
vitamin D supplementation.

There is evidence that vitamin D is as important for
muscle as it is for bone [30–33]. In this study, 25-OHD
levels correlated with 6-min walking performance. Low
serum 25-OHD has been associated with diminished
exercise tolerance in HF patients [8]. Therefore, in addition
to the direct effects of vitamin D on bone, vitamin D’s

effects on muscle and physical functioning may indirectly
contribute to low BMD.

The importance of low BMD in this population is that it
is likely to increase fracture risk. This will be compounded
by poor physical performance, which will increase the risk
of falls. A fracture is likely to have even more devastating
consequences in a patient with HF. Hence, analysis of the
risk factors and appropriate interventions are critical for this
population.

Conclusions

The aging of the population and improved therapy for HF
will lead to an increase in the prevalence of older adults
with this chronic disabling condition. Recognition of the
physiologic changes that affect a variety of systems in the
aging HF patient is important to slow time to disability.
Osteoporosis with or without fracture is a well-recognized
geriatric condition and an area of intense research. Our
study suggests that individuals with HF are at increased risk
of bone loss perhaps due, in part, to effects of HF on
vitamin D status and physical performance. Interventions to
optimize vitamin D levels and physical activity may
prevent bone loss and reduce fracture risk.
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