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Objective. To describe the public health impact of osteoporosis including the magnitude of the problem and important

consequences of osteoporotic fractures.

Methods. Literature review of key references selected by author.

Results. Current demographic trends leading to an increased number of individuals surviving past age 65 will result
in an increased number of osteoporotic fractures. Important consequences of osteoporotic fractures include an increased
mortality that for hip fractures extends to 10 years after the fracture. Increased mortality risk also extends to major and
minor fractures, especially, in those over 75 years. Hip and vertebral fractures have important functional consequences
and reductions in quality of life. The economic impact of osteoporotic fractures is large and growing. Significant health

care resources are required for all fractures.

Conclusions. To alleviate the public and private burden of osteoporosis related fractures, assessment of risk and

reduction of individual risk is critical.
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HE average age of the world’s population is increasing at

an unprecedented rate, and this increase is changing the
world. From 2010 to 2040, the world population >65 years of
age will double from about 506 million in 2008 to 1.3 billion
by 2040, accounting for 14% of the world’s total population;
those aged 80 or older is projected to double from 2010 until
2050 (1). Developing nations will experience the most rapid
increase in the older adult population. This explosion will
affect the world and will lead to a greater number of individ-
uals with osteoporosis and increasing number of fractures.
It is estimated that at least 50% of hip fractures worldwide
will occur in Asia by 2050 (2). This projected number may
actually be underestimated, because while hip fracture rates
are declining in the United States (3) and Canada (4), rates
in Asia may actually be increasing (5).

MAGNITUDE OF PROBLEM

In 2005, more than 2 million incident fractures were
reported in the United States alone, with a total cost of
$17 billion (6). Total costs including prevalent fractures
exceeded $19 billion. Vertebral fractures account for 27% of

all fractures: wrist fractures, 19%; hip fractures, 14%; and
pelvic fractures, 7%. Women account for 71% of all frac-
tures and 75% of all fracture-related costs. Among women,
whites account for the majority of all fractures (89%), fol-
lowed by blacks (4%), Hispanics (4%), and other women
(3%). Even if rates stay the same, the aging of the world
population is expected to increase the number of fractures
and costs in the United States by 48%, to greater than 3
million fractures associated with a cost of $25.3 billion (6).

Fractures beget more fractures. Once an individual has
a hip fracture, that individual is at high risk of suffering an
additional fracture. Women who suffered an incident hip
fracture had a 2.3% per year risk of a second hip fracture (7).
Twenty six percent of individuals enrolled in the risedronate
clinical trials that had an incident radiographic vertebral
fracture, re-fractured within 1 year (new vertebral, 17.4%;
hip, 3.6%; “other,” 3.5%; forearm/wrist, 1.0% (8)). In SOF,
asymptomatic prevalent vertebral fractures also increased
the risk of future hip fractures by almost threefold and any
nonvertebral fracture by almost twofold (9). A prevalent ver-
tebral fracture predicted the risk of a second fracture, even
after 15 years (10). Thus, in evaluating the overall public
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health impact of a single fracture one needs to include the
high risk of subsequent fractures. A systematic analysis of
existing studies showed that history of prior fracture at any
site is an important risk factor for future fractures (11).

Results from the U.S. National Health and Nutrition
Examination Survey 2005-2008 estimated that the
prevalence of low bone mass (7-score —1 to —2.5) at the
femoral neck was 50.6%, 33.0%, and 43.9% in non-Hispanic
whites, non-Hispanics blacks and Mexican American men,
respectively (12). The prevalence of osteoporosis (7-score <
—2.5) was 9.6%, 6.0%, and 12.6% in non-Hispanic whites,
non-Hispanics blacks and Mexican Americans, respectively.
For men, the prevalence of low bone mass at the femoral
neck was 32.2%, 18.6%, and 34% in non-Hispanic whites,
non-Hispanics blacks, and Mexican American women,
respectively (12). The prevalence of osteoporosis (7-score
< —2.5) was estimated at 2% for non-Hispanic white men.
(Al T-scores were calculated using non-Hispanic white
women as the referent group). Overall, 19.3% of U.S. men
and 30.8% of U.S. women aged 50 or older met the 2008
National Osteoporosis Foundation treatment thresholds
(13). Low bone mineral density is related to most fractures
(14) even traumatic fractures (15), widening the public
health impact of osteoporosis. In a meta-analysis of 9,891
men and 29,082 women from 12 cohorts, the relative risk of
all fractures per 1 SD decrease in the Z-score was 1.45 (95%
confidence intervals [CI]), 1.39-1.51 (16).

Although the lifetime risk of fractures is lower in non-
white women (17-19), the number of fractures is expected
to increase largely, reflecting the greater improvements in
overall life expectancy in minority women. In addition,
although the majority of hip fractures occur in white women,
a substantial number of other types of fractures occur in
non-white women. For example, in the Women’s Health
Initiative, we showed that the projected number of women
who will experience a clinical fracture in 1 year exceeded
the combined number of women who would experience
incident breast cancer, myocardial infarction, or stroke in 1
year in women of all ethnic groups (20). Thus, osteoporosis
prevention efforts should target all women irrespective of
their race/ethnic background.

Osteoporosis related fractures impose a substantial bur-
den of disability, costs, and mortality on postmenopausal
women and older men. A central challenge in assessing
the impact of osteoporotic fractures on mortality, disabil-
ity and costs is distinguishing the effects of the fractures
themselves from the comorbidities and other risk factors
that contribute to both the fracture and the outcome. Even if
studies controlled for the number of comorbidities, this will
depend on how many and the specific comorbidities that
were assessed. In most cases, studies are unable to adjust
for severity of the comorbidity. In studies examining dis-
ability or functional outcomes post-hip fracture, most stud-
ies had no information on pre-fracture functional status and
had to rely on self-report of pre-fracture function from the
individual assessed after the fracture.
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MORTALITY

Mortality following hip fracture is a major consequence
of osteoporosis. Two recent meta-analyses summarized
the data on mortality following a hip fracture (21,22).
Each meta-analysis applied different criteria for inclusion.
Abrahamsen and coworkers included 54 studies that pre-
sented unadjusted mortality data (death as a proportion of
the study population) and reported individual study results
(20). The meta-analysis of Haentjens and coworkers lim-
ited their meta-analysis to 24 studies that met all inclusion
criteria that is, prospective, life table approach with survival
curves and excluded studies that pooled both genders (21).
Pooled relative hazards (RH) are presented with tests for
heterogeneity. Of these 24 studies in the Haentjens meta-
analysis, 7 were also in the Abrahamsen review. Results
of the meta-analyses were, however, remarkably similar.
The mortality risk was greatest in the first 3 months after
hip fracture, RH=5.75 (95% CI, 4.94-6.67) in women
and 7.95 (95% CI, 1.13-10.30) in men (21). The RH of
all-cause mortality decreased overtime but even 10 years
after hip fracture the RH was elevated, RH=1.96 (95% CI,
1.30-2.95) in women and 1.79 (95% CI, 1.14-2.81) in men,
(see Figure 1). The persistent excess mortality past 5 years
was not, however, consistently seen in all studies (23,24)
Generally, the mortality risk was greater in men than
women but the gender difference was greatest in the first
year after the hip fracture. Men appear to be at higher oper-
ative risk and have more postoperative complications and
more comorbidities which may contribute their higher post
hip fracture mortality (3,25). The pooled RH for 2 years
and 6 years mortality after a hip fracture was 2.89 (95% CI,
2.27-3.68) and 3.83 (95% CI, 3.04-4.82) respectively, in
women and 3.23 (95% CI, 1.95-5.36) and 4.99 (95% CI,
3.63-6.89) respectively, in men. Excess mortality following
a hip fracture depends largely on age . At any age, excess
mortality is greater in men but after age 80, the gender dif-
ference starts to decline (22). But, studies that calculated
a standardized mortality ratio (SMR) comparing mortality
risk following a hip fracture with what would be expected
in an age-matched group generally showed that the SMRs
tend to be greater in younger individuals because the abso-
lute risk of dying is lower in these younger individuals (21).
These studies were carried out in Europe, North and South
America, and Australia, with one study from Singapore.
There did not appear to be marked geographic variability in
the risk of death following a hip fracture.

Despite lower absolute risks of hip fracture in African
Americans, mortality following a hip fracture is greater in
blacks compared with white women (26,27). These early
reports used Medicare data from the 1980’s but more recent
data confirm the higher mortality risk in blacks following
a hip fracture (28). The reason for the higher mortality in
black following a hip fracture is unknown, but one small
study found that the number of comorbid conditions was
higher at hospital admission for their hip fracture in blacks
compared with whites (29).
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Figure 1. Relative hazard of all-cause mortality for women and men with hip fracture versus control groups during a given follow-up period starting at the time
of injury. Solid circles represent the pooled relative hazard. Vertical bars represent the corresponding 95% Cls. The dotted horizontal line is the null effect (22).

Mortality after intertrochanteric hip fractures in a U.S.
study was higher at 2 and 6 months after the fracture com-
pared with femoral neck fractures but by 1 year, the per-
centage of those who died was similar for both types of hip
fracture (30). In contrast, a study from Greece suggested
that the higher risk of mortality associated with intertro-
chanteric fractures may persist for up to 10 years (31). The
higher mortality rates with intertrochanteric hip fractures

may be due to greater frailty before injury, older age and
more severe osteoporosis (32,33).

The increased mortality following a hip fracture is likely
multifactorial, but comorbidities at the time of the fracture
play a major role (34). Less commonly, hip fractures are a
direct cause of death. In the Study of Osteoporotic Fractures
(SOF), the leading causes of death were coronary heart
disease, cancer, and stroke in those both with and without
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a hip fracture (24). Wehren and coworkers suggested that
deaths related to infections (pneumonia, influenza, and
septicemia) were greater in men than women and accounted
for the observed gender difference in post-hip fracture
mortality (35). In SOF, there was no difference between hip
fracture cases versus controls for sepsis deaths, but a greater
proportion of hip fracture cases compared with controls
died of pneumonia (10.5% vs 5.6%. p = <0.001) and
cognitive disorders (9.3% vs 6.7%, p = 0.03). In contrast
more controls died from cancer (11% vs 18.2%, p =<0.001)
(24). Results from Australia also suggested a major impact
of infection on short-term mortality in institutionalized
persons following a hip fracture (36).

A recent meta-analysis of 64,613 patients identified
12 factors that were associated with an increased risk of
mortality following a hip fracture, including advanced
age, male gender, nursing home or facility residence, poor
preoperative walking capacity, poor activities of daily living
(ADLSs) preoperatively, higher American Anesthesiologists
Society score, poor mental state, more comorbidities,
dementia or cognitive impairment, diabetes, cancer, and
cardiac disease (37). These prognostic factors are likely
not independent of each other, but further understanding of
these factors might help to develop intervention strategies
to reduce mortality post hip fracture. Of interest, there
was conflicting evidence of whether race differentially
influences mortality, but the bulk of the studies were in
whites with little power to address the race question.

The good news, at least in the United States, is that mor-
tality rates following hip fracture are declining (3). Age and
risk (race, region and comorbid conditions) adjusted mortal-
ity in women declined from 1985-2005 by 11.9%, 14.9%,
and 8.8% for the 30-, 180- and 360-day mortality, respec-
tively. For men, the age and risk adjusted mortality decreased
by 21.8%, 25.4%, and 20% for the 30-, 180- and 360-day
mortality, respectively. Most of this decline occurred before
1998. Improved surgical and medical management of hip
fracture likely contributed to the decline in mortality.

Other types of fracture have been associated with an
increased risk of mortality: Vertebral fracture are the most
common osteoporotic fracture, but only from one third (38)
to one quarter (39) are clinically recognized and few are
admitted to hospitals (40). Thus, identifying their mortality
risk is more challenging. Excess mortality following both
an incident and a prevalent radiographic fractures (41,42)
has been reported. Excess mortality varies substantially after
a clinical vertebral fracture with 1 year rates ranging from
1.9% to 42% (34). This wide range may affect the relatively
small sample sizes in several of these studies. In the Dubbo
Study, the SMR was elevated in both men and women fol-
lowing a clinically diagnosed vertebral fracture (43,44). For
the most part, mortality risk following a vertebral fracture is
lower than observed following a hip fracture. Frailty, comor-
bidities, smoking and poor physical function contribute to
the risk of mortality following a vertebral fracture (44).
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The SMR for major fractures (pelvis, distal femur, proxi-
mal tibia, three or more simultaneous ribs and proximal
femur) in the Dubbo study was 1.65 (95% CI, 1.31-2.08) in
women and 2.12 (95% CI, 1.66-2.72) in men after 10 years
of fracture (44). Minor fractures (forearm, hand, other rib,
lower limb, foot and clavicle) were also associated with an
increased risk of death, SMR = 1.42 (95% CI, 1.19-1.70)
in women and SMR = 1.33 (95% CI, 0.99-1.80) in men,
especially in those aged 75 years and older (44). In SOF,
examination of separate fracture sites found no increased
mortality following wrist or foot/ankle fractures (45). In
Dubbo (44), mortality risk following a subsequent fracture
was associated with an increased mortality hazard ratio =
1.91 (95% CI, 1.54-2.37) in women and 2.99 (95% CI,
2.11-4.24), highlighting the need to prevent the subsequent
fracture. Predictors of mortality following any fragility frac-
ture included older age, low muscle strength, subsequent
fracture, low bone mineral density and smoking history (44).

FuNcTIONAL OUTCOMES FOLLOWING FRACTURES

Disability following hip fractures is well established
(46,47). At the time of their hip fracture, 26% of hip frac-
ture patients and age and gender adjusted controls had
walking disability; 12%-14% had transferring disability
and 6%—-8% grooming disability. Twelve and 24 months
post hip fracture, 50% of hip fracture patients were walk-
ing disabled compared with 21%-29% of controls even
after adjusting for age, sex, comorbidities, and pre-fracture
functional status. Given the excess disability associated
with hip fracture, we would expect 26 additional cases with
more disability per 100 persons. Hip fracture patients also
showed more transferring and grooming disability than
controls. Women who fell more often after their hip frac-
ture reported decreased social participation independent of
their physical function (48). Repeated fallers also reported
a greater number in depressive symptoms that could have
contributed to their decrease of social interactions.

Hip fracture patients are heterogeneous and their func-
tional outcomes depend largely on their age, number of
independent instrumental ADLs, and pre-fracture comor-
bidities, especially whether they have dementia. Of the
young old (<75 years) patients who were relatively inde-
pendent in mobility and instrumental ADLs before fracture,
less than 7% were unable to walk after their hip fracture
compared with the oldest old patients (285 years) who also
had dementia where 38% were unable to walk post hip
fracture (49). In total, the authors found seven homogene-
ous subgroups based on characteristics of the patients at
the time of hip fracture with measurably different 6-month
functional outcomes. Interventions and services could be
targeted to the various subgroups to improve outcomes.

A much higher percentage of black women with hip
fracture (28%) were non-ambulatory at hospital discharge
compared to white women with hip fracture (4%) but this
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study was based on only 37 hip fractures in black women
(29). Graham et al studied 42,479 in-patient rehabilitation
patients (92% white; 4% black; 4% Hispanic and 1% Asian)
(50). Functional independence at discharge was lower
among blacks and Hispanics than whites. Whites were also
more likely to walk independently or with help at 6 months
compared to not walking at all but there were no racial
differences in independence with activities of daily living 6
months after hip fracture (28).

Several interventions and factors have been suggested
to improve outcomes after hip fracture, including physical
therapy immediately after hip fracture (49), social support
(81), positive affect (52), and treatment of vitamin D
deficiency (53). A meta-analysis of 23 randomized trials
of 898 hip fracture patients suggested that oral protein
and energy supplementation after hip fracture may
reduce unfavorable outcomes. However, the majority of
these trials had major flaws, such as, lack of analyzing
outcomes according to intention to treat (54). High quality
randomized clinical trials are needed to adequately test
this hypothesis (54). A meta-analysis of extended exercise
rehabilitation after hip fracture in 11 clinical trials showed
that an extended rehabilitation had a significant impact on
several measures of physical function, for example, knee
extension strength, balance, physical performance test,
timed “up and go test” and fast gait speed but not on normal
gait speed, ADLs, instrumental ADLs, or the short-form
health survey SF-36 (55). The intervention was for 6 months
in 4 of these trials and 1 year in 4 trials. Results suggest
that long-term interventions can, indeed, improve physical
function after a hip fracture. A 12-month randomized
clinical trial of an exercise program that included supervised
and independently performed aerobic and resistance
exercise with increasing intensity had no effect on physical
performance: walking, balance, vitality, muscle strength,
ADLs or physical and psychosocial functioning (56). This
trial was limited to a relatively healthy group of women
who had the potential to exercise safely and independently
in their home. Thus, the participants may have been too
healthy to see an effect on their function. Trials in more
frail populations are warranted.

Incident vertebral fractures are also associated with
increasing back pain and disability (57) and these associa-
tions are not limited to clinical vertebral fractures (57). This
is important given that the lifetime risk of a vertebral fracture
is higher than that of a hip fracture (58,59). Vertebral frac-
tures also cause chronic back pain, limitations with common
ADL, and reduced quality of life (60,61). Women with prev-
alent radiographic vertebral fractures have also been shown
to have a higher rate of hospitalization not related solely
to their fracture, HR=1.14 (95% CI, 1.02-1.27) even after
adjusting for age, smoking status, physical activity, multiple
comorbidities, body mass index, and bone mineral density
(62). Quality of life scales can be used to calculate utilities;
the utility is a value attached to a specific health state with
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“0” representing death and “1” representing perfect health.
The presence of vertebral fractures and their number and
severity were associated with a lower utility score (63).

Both prevalent and incident radiographic vertebral frac-
tures were associated with declining health related quality of
life (HRQOL) (64). There was a decrease in HRQOL with
increasing number of prevalent vertebral fractures (64,65).
As part of the Global Longitudinal Study of Osteoporosis
in Women (GLOW), reductions in quality of life were
observed especially after hip, spine and upper leg fractures
(66). Similar results were reported earlier by Borgstrom et
al (67). Indeed, both hip and spine fractures were associated
with a lower quality of life after the fracture; however, hip
fracture patients showed higher quality of life scores at 4
months and 12 months after their hip fracture than vertebral
fracture patients.

Vertebral fractures are also associated with increasing
kyphosis but only 36-37% of older persons with the worst
kyphosis have vertebral fractures (68, 69). Other contributing
causes of kyphosis could include muscle weakness, degen-
erative disk disease and postural changes. Nevertheless,
kyphosis itself has been associated with an increasing
decline in physical function (70), worsening mobility (71),
injurious falls (72) and fractures (73). Kyphosis was also
associated with an increased risk of pulmonary related
deaths that was independent of vertebral fractures (74). Of
note, vertebroplasty in patients with vertebral compression
fractures was associated with improved respiratory function
one month later (75).

Although hip fractures results in the highest percent-
age of subjects with any bed days or limited activity days
after a fracture, the mean number of bed days and limited
activity days appeared higher with lumbar vertebral frac-
tures (76) compared to hip fracture. Substantial disability
was also reported for fractures of the thoracic vertebral,
humerus, distal forearm, ankle and foot (76). Recent data
from SOF showed that wrist fractures are also accompa-
nied with increasing disability. A wrist fracture increased
the odds of having a clinically important functional decline
by 48% (77). Thus, the three major osteoporotic fractures
have important deleterious effects on physical function and
disability and thus influence quality of life. Furthermore,
all nonhip, nonspine fractures have a detrimental effect on
quality of life (78).

Costs

Direct care costs during the first post fracture year have
been estimated to be about $30,000 per patient for hip frac-
ture; $11,300 for other nonvertebral fractures; and $8,380
for vertebral fractures (79). Total number of U.S. frac-
tures and costs will increase over the next several decades,
reflecting the growing proportion of Americans aged 50
years and older. Total management costs attributed to low
trauma fractures was estimated to be $17 billion in 2003



1248

in the United States. By 2025, treatment costs are esti-
mated to exceed $25 billion (80). The corresponding fig-
ure for Europe (2003) is 36 billion euros (81). The Global
Longitudinal Study of Osteoporosis showed that nonhip,
nonspine fractures by virtue of their fivefold greater num-
ber require significantly more health care resources (82).
Clinical vertebral fractures resulted in 617 days of hospi-
talization and 512 days of rehabilitation/nursing home care;
hip fractures accounted for 1306 days of hospitalization and
1650 days of rehabilitation/nursing home care. In contrast,
nonhip, nonspine fractures resulted in 3805 days in a hospi-
tal and 5186 days of rehabilitation/nursing home care.

Mean annual direct costs for patients with nonvertebral
fracture were estimated in 4764 privately insured individu-
als age 18-64 years and in 48,742 Medicare beneficiaries
(83). Among the privately insured, total annual direct costs
(2006 values) were $19,918 in fracture patients compared
with $11,290 in controls. Among Medicare patients, the
total annual direct costs (2006 values) were $25,906 in
fracture patients and $15,147 in controls. Excess costs were
highest for hip and multiple site fractures among Medicare
enrollees but, even rib fractures were associated with excess
costs, Figure 2.

Thus, nonvertebral fractures impose substantial economic
burden on the health care systems. In addition, the excess costs
of osteoporosis related nonvertebral fractures extends beyond
the first year in which the fracture occurred (84). Thus, signif-
icant health care resources are utilized for all fractures, thus,
widening the public health impact of osteoporosis.

16

Excess costs ($US x 1000)

NV NVNH
(FI = 4754} (n = 4478) (n = 255)

(n = 470)

Hip  Multiple sites  Pelvis
(n = 80)

CAULEY

Direct medical costs of osteoporotic fractures (fractures
of the axial skeleton, fractures of the proximal and distal,
upper limbs, lower limbs and multiple fractures) and chronic
pulmonary obstructive disease, stroke, acute myocardial
infarction and heart failure were calculated using 2000 data
in Switzerland (85). The number of hospital days for osteo-
porosis exceeded the number of days for chronic pulmonary
obstructive disease, stroke, acute myocardial infarction and
heart failure in women: there was greater than a twofold higher
number of hospital days for osteoporosis (296,859) compared
with chronic pulmonary obstructive disease (125,677) and
sevenfold greater number of hospital days than myocardial
infarction (40,874). In men, the greatest number of hospitali-
zation days was due to chronic pulmonary obstructive disease
(151,152) followed by osteoporosis (88,570).

SUMMARY

In summary, the public health impact of osteoporotic
fractures includes major and sustained effects on mortal-
ity, substantial increases in functional impairments and
deceases in quality of life and lead to increased financial
burden on our health care systems. Hip fractures are the
most serious consequence of osteoporosis but vertebral
fractures are more common and have substantial impact on
mortality and morbidity. To alleviate the public and private
burden of osteoporosis related fractures, assessment of risk
and reduction of individual risk is crucial. Reducing frac-
ture incidence in those who already have osteoporosis will

O Drugs
B Medical

Femur Ribs
(n=98) (n=608)

Upperamm Lowerleg Forearm
(n:416) {n=2036) (n=801)

Figure 2. Excess direct costs (year 2006 values) for Medicare patients and controls with nonvertebral (NV) fractures, 1999-2006 (n = 48 742). Note that lower
leg fractures include foot, ankle, tibia, fibula, and patella; forearm fractures include hand, wrist, radius, and ulna; upper arm fractures include humerus, clavicle, and

scapula. NVNH = nonvertebral, nonhip.

Hip fracture patients (n = 255) in the privately insured sample had aggregate incremental annual direct costs of $3.5 million to employers compared with $24.1
million for NVNH patients (n = 4478). In the Medicare sample, aggregate incremental annual direct costs for hip fracture patients (n = 7997) were $204.1 million

compared with $282.7 million for NVNH patients (n = 35 933) (83).
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reduce the public health impact of osteoporosis. In addition,
identification and treatment of those individuals with low
bone mineral density who have a higher risk of fracture will
also reduce the burden.
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