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Abstract
PURPOSE—Recent findings suggest a role for heart failure in the etiology of osteoporotic
fractures, yet the temporal sequence of occurrence of the two conditions needs clarification.

METHODS—Using the Rochester Epidemiology Project, the authors conducted a 2-phase study:
A case-control study compared osteoporotic fracture history among Olmsted County, Minnesota,
residents newly diagnosed with heart failure in 1979-2002 to age- and sex-matched community
controls without heart failure (961 pairs; mean age 76 years; 54% women). Both groups were then
followed to July 2009 to evaluate their subsequent fracture risk in a cohort study.

RESULTS—Prior fractures were more frequent in heart failure cases than controls (23.1% versus
18.8%, P = 0.02). The adjusted odds ratio (OR) for heart failure associated with prior fracture was
1.39 (95% confidence interval (CI): 1.07, 1.81), mainly driven by hip fractures (OR: 1.82; 95%
CI: 1.25, 2.66) with little or no association with other fractures. Over a mean follow-up of 7.5
years, 444 individuals developed subsequent osteoporotic fractures. The adjusted fracture risk was
marginally elevated in heart failure patients compared with controls (hazard ratio (HR): 1.32; 95%
CI: 0.98, 1.79), again largely attributable to hip fractures (HR: 1.58; 95% CI: 1.03, 2.41).

CONCLUSIONS—In this community, the association with fracture risk was about as strong
before as after the diagnosis of heart failure and was nearly entirely attributable to hip fractures.
Additional work is needed to identify common underlying mechanisms for heart failure and hip
fracture, which may define prevention opportunities.
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INTRODUCTION
There is increasing awareness of an association between osteoporosis and cardiovascular
disease. Indeed, low bone mineral density (BMD) has been linked to increased
cardiovascular disease morbidity and mortality.1-9 Further, aortic and coronary
calcifications, endothelial dysfunction, and inflammation, all implicated in the initiation and
progression of the atherosclerotic lesion,10,11 are associated with low BMD and fractures.
12-16 This suggests common pathophysiological mechanisms underlying both diseases,17,18

but a mechanistic basis for the relationship is unclear. Moreover, both entities may share
common etiologic factors such as diabetes, dyslipidemia, smoking, hypertension, and
estrogen deficiency,18-21 which adds to the complexity of this relationship as these could act
as confounding factors. Finally, the burden of cardiovascular disease in the community has
shifted in recent decades toward women and the elderly, where osteoporosis is quite
prevalent,22 so any association could simply reflect disease coexistence rather than
causality.23 Recently, two large epidemiological studies revealed a substantial increase in
osteoporotic fractures, particularly in the hip, associated with heart failure,24,25 suggesting
heart failure as a possible cause of fracture. Still, it is uncertain whether osteoporosis
precedes cardiovascular disease 1,3-5 or follows it.24-27 Since the relationship of fractures
with cardiovascular disease seems strongest for heart failure,24,25,27 this population-based
study was undertaken to test the null hypothesis of no association between heart failure and
fractures generally, as well as specific fracture sites, and to determine if any association was
as strong prior to the recognition of heart failure as afterward, which would argue against the
notion that heart failure per se causes fractures.28

METHODS
Study setting

Olmsted County, Minnesota, is isolated from other urban centers, and medical care is
delivered to local residents by few providers. Consequently, it has been possible through the
Rochester Epidemiology Project to link the inpatient and outpatient medical records from all
sources of care used by the population, thus providing a unique infrastructure to analyze
disease determinants and outcomes.29 Access to this comprehensive contemporary
documentation was used to assess the relationship between heart failure and fractures.

Study design
Following approval by the appropriate Institutional Review Boards, this study was
conducted in 2 complementary stages: First, we performed an incident case-control study
with newly diagnosed heart failure patients serving as cases and age- and sex-matched
subjects, selected from the general population, constituting the comparison group. Prior
fractures (verified by dates, classified by anatomic site, and dichotomized by current
convention into major osteoporotic fractures versus all others [nonosteoporotic])30 were the
primary exposure of interest, whereas known risk factors for heart failure were treated as
potential confounders. Subsequently, the heart failure patients and their matched controls
were followed forward in time to compare their long-term fracture risk using a cohort
design.

Selection of cases and controls
Case subjects were Olmsted County residents with an incident diagnosis of heart failure in
1979-2002. Framingham criteria31 (Table 1) were used to define heart failure using methods
previously described.32 The index date was defined as the first evidence of heart failure in
the medical record.
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Control subjects were also selected from the Olmsted County population. In any 3-year
period, over 90% of residents are seen at Mayo Clinic, and the majority are attended
annually by some local health care provider.29 Thus, the Rochester Epidemiology Project
medical records linkage system provides a virtually complete enumeration of the population
from which to sample controls. Control subjects were individually matched (1:1) to cases on
age (±3 years) and sex. The index date for the control corresponds to the incidence date of
the matched heart failure case. Since information on exposures prior to the index date was
obtained from these community medical records, this ensures similar opportunities for
ascertainment of risk factors in the two groups and avoids biases inherent in many case-
control studies (e.g., differential recall, non-response bias, and survivor bias). Potential
controls with heart failure prior to the index date were excluded.

Follow-up
All participants were then followed through their community medical records.29 Follow-up
began at the index date (January 1979 to December 2002) and lasted until death or the most
recent clinical contact, whichever came first (last follow up, July 2009). Death was
ascertained using multiple sources, as described previously.32

Fracture data
Each subject's complete inpatient and outpatient medical record at each local provider of
medical care was searched electronically for the occurrence of any fracture through the
comprehensive diagnostic and surgical indices that are part of the Rochester Epidemiology
Project.29 Of note, the diagnostic index records all diagnoses made over time, not only chief
complaints. Thus, fractures found incidentally on work-ups for other problems are included
in this system, as are symptomatic fractures presenting for treatment. Fractures were
classified by anatomic site, but information on the degree of trauma involved in each
fracture event was not available. Thus, “osteoporotic” fractures were taken to be those of the
proximal femur, lumbar/thoracic vertebrae, distal forearm or humerus, the major
osteoporotic fracture sites now linked to osteoporosis.30 Traditionally, these are further
restricted to fractures resulting from moderate trauma, but nothing about osteoporosis
protects bones from severe trauma, and this convention is now questioned.33,34 All fractures
were included in this analysis; and the date of first fracture event both before and after the
index time, overall and by anatomic site, was used as the diagnosis date.

Risk factors
When the cases and controls were assembled, data on risk factors prior to the index date
were abstracted from the entire community medical record for both groups. Myocardial
infarction was ascertained using standardized criteria. Diabetes mellitus was defined
according to National Diabetes Data Group criteria.35 Clinical definitions were used to
assess hypertension and dyslipidemia. Body mass index (BMI, kg/m2) was calculated using
the weight and earliest adult height. Smoking was dichotomized as current versus no current
smoking. Comorbidity was assessed by the Charlson index,36 which consists of 19 comorbid
conditions weighted according to the degree to which they predict mortality (1,2,3 or 6
points for each), and analyzed categorically (no comorbidity for 0 points, moderate
comorbidity for 1 to 2 points, and severe comorbidity for 3 points or more).
Revascularization procedures included percutaneous transluminal coronary angioplasty
(PTCA) and coronary artery bypass grafting (CABG).

Statistical analysis
For the case-control study, a matched analysis was employed using conditional logistic
regression with age and gender as stratification variables.37 A model was developed to
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estimate the odds ratio (OR) for heart failure associated with prior fracture. As noted above,
fractures were divided into “osteoporotic” or “nonosteoporotic”, and the former group was
subsequently refined by anatomic site (i.e., hip, forearm, spine, and humerus). For each of
these two categories, “no fracture” was defined as the reference condition. Multivariable
adjustment was performed for known cardiovascular risk factors and comorbidities.
Stratified analysis was used to assess ORs in subgroups, and the heterogeneity of these
estimates was then tested.

For the follow-up study, the risk of subsequent fractures in heart failure patients was
compared directly with that in their matched controls utilizing a stratified proportional
hazards model with the case/control pairs forming the strata. Hazard ratios (HRs) compared
the rate of occurrence of fractures in heart failure versus non-heart failure subjects.
Multivariable adjustment was made for suspected risk factors for fractures18 and predictors
of fracture risk in bivariate screening (with P < 0.20). Stratified analysis by gender was also
performed and the heterogeneity of the HRs was tested. For both unadjusted and adjusted
models, the assumption of proportional hazards was examined and satisfied for the variables
considered.

Finally, the cumulative incidence of a new fracture was projected for up to 10 years
following the recognition of heart failure. In the customary Kaplan-Meier approach, patients
who die are censored; when the death rate is high, however, this may overestimate the
cumulative fracture incidence. Therefore, death was treated as a competing event in this
analysis.38 Analyses were performed using SAS 8.2 (SAS Institute Inc., Cary, NC).

RESULTS
The study included 1,922 subjects, 961 incident heart failure cases (mean age: 75.5 [SD
12.7] years; 54% women) and 961 age- and sex-matched controls. Subject characteristics by
heart failure status are presented in Table 2. On average, heart failure patients had a higher
frequency of prior myocardial infarction, revascularization procedures, hypertension,
diabetes, and smoking. In addition, they had higher mean BMI and more comorbidities than
controls. A history of any osteoporotic fracture was more prevalent among heart failure
cases than among controls, whereas the distribution of nonosteoporotic fractures was
similar. Regarding specific anatomic fracture sites, a difference in prevalence between cases
and controls was shown for hip fractures but not for other types of fracture (Table 2).

Prior fractures and heart failure
Based on review of original medical record documentation spanning an average of 40 years
(median, 43 years) prior to index in the heart failure cases and 40 years (median, 42 years) in
controls, we found a moderate association between prior osteoporotic fractures and incident
heart failure (Table 3). After adjusting for cardiovascular risk factors, comorbidities, and
nonosteoporotic fracture, the OR for heart failure associated with any osteoporotic fracture
was 1.39 (95% confidence interval (CI): 1.07, 1.81). However, examination of specific
anatomic sites revealed that the overall relationship was almost entirely attributable to a
strong association between hip fracture and heart failure (adjusted OR: 1.82; 95% CI: 1.25,
2.66), with no apparent associations for other sites (adjusted OR: 1.14; 95% CI: 0.83, 1.55,
for any non-hip osteoporotic fracture). The adjusted association between hip fracture and
heart failure applied both to women (OR: 1.63; 95% CI: 1.05, 2.53) and men (OR: 2.47;
95% CI: 1.14, 5.33) (P for heterogeneity in ORs = 0.36) and did not change by study period
(for 1979-1990, OR: 1.84; 95% CI: 1.04, 3.27 and for 1991-2002, OR: 1.80; 95% CI: 1.07,
3.03) (P for heterogeneity in ORs = 0.96). We further examined this association by time
from hip fracture to heart failure. The adjusted ORs were 1.66 (95% CI: 0.97, 2.84) for
fractures occurring more than 5 years before recognition of heart failure and 1.96 (95% CI:
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1.21, 3.16) for fractures occurring within 5 years of heart failure (P for heterogeneity in ORs
= 0.65). In sensitivity analyses, we adjusted further for cardiovascular disease medication
use prior to or at the time of the index date (i.e., diuretics, beta-blockers, angiotensin
converting enzyme inhibitors, and statins), which did not materially affect any of the results.

Heart failure and subsequent fracture risk
Follow-up data were available for 1908 (99%) subjects; the overall mean (SD) follow-up
was 7.5 (6.1) years. The risk of death was substantially greater in heart failure patients
(adjusted HR: 2.40; 95% CI: 2.03, 2.83) than in controls. Nonetheless, 444 individuals (195
cases and 249 controls) developed osteoporotic fractures. The incidence rates of
osteoporotic fracture per 1,000 person years were 40.1 for heart failure cases versus 32.6 for
controls (P = 0.04). Although not statistically significant at the 5% level, the overall adjusted
HR for osteoporotic fracture (1.32; 95% CI: 0.98, 1.79; P = 0.07) was elevated in cases
compared with controls (Table 4). Evaluation of specific fracture types as separate outcomes
again revealed an increased risk of hip fracture (adjusted HR: 1.58; 95% CI: 1.03, 2.41)
among heart failure patients. In addition, the risk of humerus fractures was higher in heart
failure patients compared with controls (unadjusted HR: 3.20; 95% CI: 1.17, 8.74), however
it was based on 44 cases only. No additional associations were detected for any other
fracture types (Table 4). The association between heart failure and hip fracture risk did not
differ materially between women (adjusted HR: 1.45; 95% CI: 0.89, 2.36) and men (adjusted
HR: 1.73; 95% CI: 0.43, 6.92) (P for heterogeneity in HRs = 0.81) and was largely constant
over the follow-up period (r = −0.005 for correlation of the hazard function with time).

As a complementary analytical approach, we further accounted for death as a competing risk
and observed a higher fracture incidence in heart failure patients compared with controls.
Again, this difference was largely driven by hip fractures (Figure 1).

DISCUSSION
In this community study, we have shown that newly diagnosed heart failure patients have a
higher adjusted prevalence of prior osteoporotic fractures. These patients also experienced a
higher adjusted risk of fractures after the heart failure diagnosis, although this association
was of borderline statistical significance. Importantly, however, this excess burden of
fractures was largely restricted to hip fractures, which both preceded and followed heart
failure at significantly higher than expected rates.

Our findings are consistent with a previous study of Swedish women showing that among
1,327 incident hip fracture cases and 3,170 randomly selected population-based controls, the
association between cardiovascular disease and hip fracture was more strongly related to
heart failure and stroke than to ischemic heart disease.27 Likewise, a recent cohort study of
31,936 Swedish twins demonstrated a substantial increase in hip fracture risk after a
diagnosis of heart failure and stroke and underscored the genetic component of the
association 25 Furthermore, in a study of 16,294 elderly Canadian patients with
cardiovascular disease followed for 1 year, a new diagnosis of heart failure was associated
with a 6.3-fold higher risk of developing hip fracture, compared with other cardiovascular
disease diagnoses.24 The authors concluded that “heart failure is a risk factor for orthopedic
fracture.”24 However, this study relied on administrative data and is thus exposed to
misclassification as acknowledged by the authors.24 Our study augments previous reports by
examining, in a population-based cohort with rigorous ascertainment of exposure and
outcomes, whether there is a higher prevalence of osteoporotic fractures both before and
after the diagnosis of heart failure, suggesting a common underlying pathway for both
disorders.
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The actual basis for the association of heart failure with fracture is unclear. Although
traditionally viewed as unrelated disorders of aging, several lines of evidence join both
illnesses: 1) reduced BMD and increased bone turnover are associated with increased
cardiovascular risk;1-6,7 ,8,9,39 2) cardiovascular risk factors such as vascular calcification,
inflammation, and endothelial dysfunction10,11 are associated with low BMD and fractures;
12-16 and 3) cardiovascular disease has been associated with an increased risk of falls40,41

and hip fractures,24-27 while others reported increased cardiovascular events in osteoporotic
patients.1,3-5 It has also been suggested that the association could reflect shared risk factors,
particularly estrogen deficiency, which has been linked to both coronary disease42 and
osteoporosis,43 although more complex pathophysiological mechanisms may operate.17,18 In
addition, traditional cardiovascular risk factors such as dyslipidemia, hypertension, smoking,
and diabetes have been reported as associated to osteoporosis.18

None of these mechanistic possibilities could be directly evaluated in the present study.
However, if the relationship was mediated through osteoporosis, one would have expected a
stronger association with other fractures, especially vertebral fractures, than was seen here.
Vertebral fractures, long considered the quintessential osteoporotic fracture,22 were not
increased among heart failure patients despite the relatively complete ascertainment of such
fractures in this data system.44 The other major factor in fracture etiology is trauma,
especially falls. Distal forearm fractures are almost always due to falls, but such falls
typically occur when relatively healthy people fall forward onto an outstretched arm.22,45

Forearm fractures were not increased among heart failure patients either. Conversely, falls
leading to hip fractures, which were associated with heart failure, occur more often in frail
individuals who fall over backwards or to the side and land on the hip.22,46 Given the excess
burden of frailty among patients with heart failure,47,48 an important clinical implication of
the present data is the need to focus on preventing falls in the heart failure population.
Indeed, it was recently pointed out that falling rather than osteoporosis is the strongest single
risk factor for fractures in the elderly, a risk that may be reduced by up to 50% by
appropriate intervention.49

Some limitations of our study should be acknowledged to aid in data interpretation. As in
any observational study, the observed associations could reflect residual confounding due to
unmeasured variables or under-ascertainment of measured factors by medical record review.
Data on the use of pharmacological treatments possibly related to fracture risk, such as
bisphosphonates, corticosteroids, and specific diuretic agents, were not available, and
measurements of BMD or biochemical markers of bone turnover were not routinely
performed so the role of bone loss in fracture risk could not be examined. Moreover, we
could not directly evaluate the many potential pathophysiologic mechanisms that might
account for an association between heart failure and hip fracture. Lastly, since the study
population was mainly white, these data need replication in other racial and ethnic groups.

The present investigation also has several strengths. We capitalized on the comprehensive
data resources of the Rochester Epidemiology Project to examine osteoporotic fractures
occurring before and after heart failure. We report on a large, population-based inception
cohort registered at the time their heart failure was first confirmed by standardized criteria.32

The controls were randomly selected from an enumeration of the Olmsted County
population, and therefore should have been representative of community residents generally.
29 Furthermore, the clinical characteristics were recorded prior to any knowledge of
resulting fracture outcomes, which were documented in the detailed inpatient and outpatient
medical records that spanned each subject's entire period of residency in the community.
Finally, fracture ascertainment should be nearly complete since the vast majority come to
medical attention either directly or indirectly.44
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In conclusion, we found that prior fracture is associated with heart failure at least as strongly
as heart failure is associated with subsequent fracture. In both instances, the increased risk is
driven by hip fractures rather than other types of fractures. Hip fracture commonly results
from falls in frail individuals, suggesting that fracture prevention in elderly patients with
heart failure should aim more directly at reducing falls.
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Figure 1.
Cumulative incidence of any osteoporotic fracture (Panel A) or hip fracture specifically
(Panel B) among Olmsted County, Minnesota, residents with heart failure (HF) first
diagnosed in 1979-2002, compared to age- and sex-matched community controls, with death
considered a competing event.
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Table 1

Framingham Heart Study Criteria for Heart Failurea

Major criteria:

 • Paroxysmal nocturnal dyspnea

 • Neck vein distention

 • Rales

 • Radiographic cardiomegaly (increasing heart size on chest radiography)

 • Acute pulmonary edema

 • S3 gallop

 • Increased central venous pressure (>16 cm H2O at right atrium)

 • Hepatojugular reflux

 • Weight loss >4.5 kg in 5 days in response to treatment

Minor criteria:

 • Bilateral ankle edema

 • Nocturnal cough

 • Dyspnea on ordinary exertion

 • Hepatomegaly

 • Pleural effusion

 • Decrease in vital capacity by one third from maximum recorded

 • Tachycardia (heart rate>120 beats/min.)

a
Diagnosis of heart failure requires the simultaneous presence of at least 2 major criteria or 1 major criterion in conjunction with 2 minor criteria
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Table 2

Pertinent Clinical Characteristics Among Olmsted County, Minnesota, Residents With Heart Failure First
Diagnosed in 1979-2002, Compared to Age- and Sex-Matched Community Controls

Heart Failure Status

Characteristic Cases Controls P Value

n 961 961

Age, mean (SD), yrs 75.5 (12.7) 75.4 (12.6) 0.98

Female, n (%) 517 (54) 517 (54) 1.00

Risk Factor History

 Myocardial infarction, n (%) 208 (22) 80 (8) <0.001

 Coronary heart disease, n (%) 472 (49) 272 (28) <0.001

 Hypertension, n (%) 643 (67) 563 (59) <0.001

 Diabetes, n (%) 181 (19) 78 (8) <0.001

 Hyperlipidemia, n (%) 279 (29) 302 (31) 0.25

 Current smoking, n (%) 155 (16) 84 (9) <0.001

 Body mass index, mean (SD) 26.9 (6.4) 25.4 (6.5) <0.001

 CABG, n (%) 82 (9) 27 (3) <0.001

 PCI, n (%) 58 (6) 34 (4) 0.01

 Comorbidity index, n (%)

  0 points 206 (21) 333 (35) <0.001

  1-2 points 431 (45) 395 (41)

  ≥ 3 points 324 (34) 233 (24)

Fracture (Fx) History

 Any osteoporotic Fx, n (%) 222 (23) 181 (19) 0.02

 Hip Fx, n (%) 99 (10) 65 (7) 0.006

 Forearm Fx, n (%) 89 (9) 82 (9) 0.57

 Spine Fx, n (%) 71 (7) 55 (6) 0.14

 Humerus Fx, n (%) 29 (3) 30 (3) 0.89

 Any nonosteoporotic Fx, n (%) 373 (39) 360 (37) 0.54

CABG=coronary artery bypass grafting; Fx=fracture; PCI=percutaneous coronary interventions; SD=standard deviation
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Table 3

Odds Ratios (ORs) for Heart Failure Associated With Prior Fracture (Fx), Overall and by Fracture Type,
Among Olmsted County, Minnesota, Residents With Heart Failure First Diagnosed in 1979-2002, Compared
to Age- and Sex-Matched Community Controls

Unadjusted Adjusteda

Exposure OR 95% CI OR 95% CI

Any osteoporotic Fx 1.36 1.07, 1.72 1.39 1.07, 1.81

Specific Fracture Types b

 Hip Fx 1.66 1.18, 2.35 1.82 1.25, 2.66

 Forearm Fx 1.14 0.82, 1.57 1.10 0.77, 1.56

 Spine Fx 1.28 0.88, 1.85 1.15 0.76, 1.74

 Humerus Fx 1.07 0.63, 1.81 0.77 0.43, 1.38

 Any nonosteoporotic Fx 1.06 0.88, 1.28 0.97 0.78, 1.20

The ORs are derived from conditional logistic regressions with age and gender as stratification variables.

CI=confidence interval; Fx=fracture

a
Adjusted for prior myocardial infarction, hypertension, hyperlipidemia, diabetes, smoking, BMI, Charlson comorbidity index, coronary heart

disease, CABG, PCI and nonosteoporotic fracture.

b
All fracture types were included in one multivariable model.
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