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Osteoporosis: impact on health and economics

Nicholas Harvey, Elaine Dennison and Cyrus Cooper

Abstract | Osteoporosis is a major public health problem through associated fragility fractures. The most
common sites of fracture are the hip, spine and wrist, and these have an enormous health and economic
impact. All fractures result in some degree of morbidity, but fractures at the hip are associated with the
worst outcomes. The worldwide direct and indirect annual costs of hip fracture in 1990 were estimated at
US$34.8 billion, and are expected to increase substantially over the next 50 years. Fracture incidence varies
between populations, and is set to increase over coming decades as the global population becomes more
elderly. This effect will be particularly marked in the developing world, which is additionally assuming more-
westernized lifestyles that predispose to increased fracture risk. Strategies to target those at high risk of
fracture have been developed, but preventative measures at the public health level are also urgently needed

to reduce the burden of this devastating disease.

Harvey, N. et al. Nat. Rev. Rheumatol. 6, 99-105 (2010); doi:10.1038/nrrheum.2009.260

Introduction

Osteoporosis is a skeletal disease characterized by low
bone mass and microarchitectural deterioration of bone
tissue, which results in increased bone fragility and
susceptibility to fracture.! Historically, osteoporosis has
been difficult to define in clinical terms: a focus on bone
mineral density (BMD) does not encompass all the risk
factors for fracture, whereas a fracture-based definition
precludes identification of at-risk populations. In 1994,
the WHO convened to resolve this issue, subsequently
defining osteoporosis in terms of both BMD and pre-
vious fracture. Therefore, osteoporosis is diagnosed if the
BMD measured by dual X-ray absorptiometry is more
than 2.5 standard deviations below the sex-matched
young adult mean; if this criterion is met in a patient
with a history of fragility fractures, the term ‘established
osteoporosis’ is used.

Osteoporosis is a highly prevalent disease and results
in massive costs both to the individual and to society
through associated fragility fractures. The most common
sites of fragility fractures are the hip, spine and distal
forearm, and the impact of such fractures manifests in
terms of mortality, morbidity and economic cost. This
Review will explore the consequences of fractures in the
context of the overall epidemiology of osteoporosis.

Fracture epidemiology

Incidence and prevalence

The 2004 US Surgeon General’s report highlighted the
enormous burden of osteoporosis-related fracture.* An
estimated 10 million Americans over the age of 50 years
have osteoporosis, and around 1.5 million fragility frac-
tures occur in these patients each year. An additional
34 million Americans are at risk of the disease. The
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report estimates that the risk of fragility fracture for
a 50 year old women in her remaining lifetime could
approach one in two; the figure for men is one in five.
According to van Staa et al.* the risk of fragility fractures
seems to be similar in the UK.* Fracture incidence in the
community shows peaks in youth and in the very elderly.
Fractures of long bones, usually after substantial trauma,
predominate in children and young adults and are more
frequent in males than females. In addition, data suggest
that reduced bone strength could be of relevance to the
fracture risk in young individuals.®

Hip fracture
The incidence of hip fracture in most populations
increases exponentially with age (Figure 1). Above
50 years of age, there is a male:female incidence ratio
of around 1:2.° Overall, approximately 98% of hip frac-
tures occur among people aged 35 years and over, and
80% occur in women (because there are more elderly
women than men). In 1990, an estimated 1.66 million hip
fractures occurred worldwide, of which 1.19 million were
in women and 463,000 in men.” Most hip fractures occur
after a fall from standing height or less,® and the direc-
tion of the fall is known to be important: a sideways fall
directly onto the hip is more likely to cause a fracture than
is falling forwards.” An analysis of the General Practice
Research Database (GPRD, which includes 6% of the UK
population) in 1993 revealed that the lifetime risk of hip
fracture for 50 year olds in the UK is 11.4% and 3.1%
for women and men, respectively.* Most of the increased
risk is gained in old age, such that a 50 year old woman’s
10-year risk of hip fracture is 0.3%, increasing to 8.7% at
80 years of age.” The corresponding figures for men are
0.2% and 2.9% at 50 and 80 years of age, respectively.
Hip fracture incidence varies by season, with an
increase during winter in temperate countries.'® Their
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Key points

= Osteoporosis-related fractures are very common, and are associated with high
direct and indirect costs to the global economy

= Hip and vertebral fractures are associated with impaired quality of life and a
20% reduction in survival

= The number of fractures will increase globally with the aging population,
with much of the future burden falling on the developing world

= New case-finding strategies, such as FRAX®, offer the potential to improve
the targeting of individuals most at risk

= Studies in developed populations have suggested modest reductions in the
age-adjusted and gender-adjusted rates of osteoporosis-associated fracture
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Figure 1 | The incidence of radiographically determined
vertebral, hip and wrist fracture by age and gender.**
Reprinted with permission from Elsevier from Sambrook, P.
& Cooper, C. Osteoporosis. Lancet 367, 2010-2118
(2006).

mainly indoor occurrence would imply that this increase
is not a result of slipping on icy pavements; rather, possible
causes include slowed neuromuscular reflexes and lower
ambient light in winter weather. The latter is likely to lead
to reduced levels of circulating 25-hydroxyvitamin D,

with a consequent adverse effect on bone metabolism
and muscle function.

Vertebral fracture

Studies of vertebral fracture prevalence are probably
best viewed as demonstrating the frequency of ‘vertebral
deformity; as many vertebrae will be of abnormal shape
for reasons other than fracture, such as in Scheuermann
disease (also known as Scheuermann kyphosis or osteo-
chondrosis of the spine) and developmental variations.
The term ‘fracture’ in this context is best reserved for the
occurrence of incident shape change. Data from the Euro-
pean Vertebral Osteoporosis Study (EVOS) demonstrated
that the age-standardized population prevalence of verte-
bral deformity across Europe was 12.2% for men and
12.0% for women aged 50-79 years.! In the past it was
thought that vertebral deformities were more common
in women than men, but the EVOS data suggest that
this is not the case at younger ages. According to this
study, the prevalence of deformities in 50-60 year olds
is similar between the sexes, if not higher in men, pos-
sibly as a result of a greater incidence of trauma in this
group.'’ Additionally, work from Australia, using the
Dubbo Osteoporosis Epidemiology Study cohort, has
demonstrated a higher prevalence of vertebral deformity
in men than women at older ages."

Differences in detection threshold and definition of
deformity or fracture might play a part in this variation.
Most vertebral fractures in elderly women occur as a
result of everyday activities such as lifting, rather than
through falling. Many vertebral fractures are asympto-
matic, and there is disagreement about the radiographic
definition of such fractures. As a result, in population
studies that use radiographic screening, the incidence of
all vertebral fractures has been estimated to be three times
that of hip fracture, with only one-third of these coming
to medical attention.'® Data from EVOS have enabled
accurate assessment of radiographically determined verte-
bral fracture in a large population. At age 75-79 years, the
incidence of vertebral fractures so-defined was 13.6 per
1,000 person-years for men and 29.3 per 1,000 person-
years for women.'* This compares with 0.2 per 1,000
person-years for men and 9.8 per 1,000 person-years in
75-84 year olds where fractures were defined by clini-
cal presentation (but confirmed by radiograph) in an
earlier study from Rochester, MN in the USA." The
overall age-standardized incidence of vertebral fracture
in the European Prospective Osteoporosis Study (EPOS)
was 10.7 per 1,000 person-years in women and 5.7 per
1,000 person-years in men.'*

Wrist fracture

Wrist fractures show a pattern of occurrence that differs
from that of hip and vertebral deformities. The incidence
of this type of fracture increases in white women from the
age of 45 to 60 years, followed by a plateau.'® This plateau
might relate to altered neuromuscular reflexes seen with
aging, which are associated with a tendency to fall side-
ways or backwards, meaning that the fall is not stopped
with an outstretched arm. Most wrist fractures occur in
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women, and 50% occur in women aged over 65 years.
Data from the UK GPRD have shown that the lifetime
risk of wrist fracture in a 50 year old woman is 16.6%,
falling to 10.4% by 70 years of age.* By contrast, the inci-
dence in men is low (lifetime risk of 2.9% at age 50 years
and 1.4% at age 70 years).*

Geographic variation in incidence and prevalence
The incidence of hip fracture varies within populations of
a given race or sex. Age-adjusted hip fracture incidence
rates are higher among white residents of Scandinavia
than comparable patients in the USA or Oceania.'*"”
Among European countries, the range of variation
is approximately 11-fold.'® These variations cannot
be explained by differences in activity levels, alcohol
consumption, smoking, obesity or migration status.”® The
EVOS study demonstrated that patients from Scandinavia
had the highest rates of vertebral deformity, with a three-
fold difference in the prevalence between countries across
Europe.' The range among European centers was 7.5-
19.8% for men and 6.2-20.7% for women. The differences
in the incidence of vertebral deformity are not as great
as those seen for hip fracture in Europe, however, and
some of these differences can be explained by variations
in physical activity and BMI.!"

Clustering of fractures in individuals
The presence of a prevalent vertebral deformity leads to
a 7-10-fold increase in the risk of subsequent vertebral
deformities.!® This increase in risk is similar to that of
patients who have sustained one hip fracture to then
experience another. In addition, data from the Rochester
cohort suggest that a distal forearm fracture is associ-
ated with 1.4-fold increase in the risk of subsequent hip
fracture in women and a 2.7-fold increase in men." The
corresponding values for subsequent vertebral fracture
are 5.2 and 10.7 in women and men, respectively. Data
from EPOS demonstrate that prevalent vertebral defor-
mity is a strong predictor of incident hip fracture (with a
rate ratio of 2.8-4.5), and the risk of hip fracture increases
with the number of previous vertebral deformities.* The
number and morphometry of baseline vertebral defor-
mities also predict the occurrence of incident vertebral
fracture.”! The incidence of new vertebral fracture within
1 year of an incident vertebral fracture is 19.2%,** and
in the Rochester cohort the cumulative incidence of any
fracture 10 years after the baseline event was 70%."
These findings emphasize the importance of prompt
therapeutic action on discovery of vertebral defor-
mities. This notion is further supported by a recent study
from the Netherlands, in which 4,140 postmenopausal
women were followed for 5 years.” In this cohort, 23%
had refractured within 1 year of an initial fracture, and
54% had refractured within 5 years. The relative risk of
subsequent fracture declined with time from the initial
fracture: thus, the relative risk of subsequent fracture
in the first year was 5.3, which decreased to 2.8 within
2-5 years, 1.4 within 6-10 years, and dropped to 0.41
at more than 10 years after the initial fracture. Finally,
data from the Dubbo Osteoporosis Epidemiology Study
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Figure 2 | The burden of diseases estimated as disability-adjusted life-years in
2002 in the Americas and Europe combined.?® Reproduced with kind permission
from Springer Science & Business Media: Johnell, O. & Kanis, J. A. An estimate of
the worldwide prevalence and disability associated with osteoporotic fracture.

Osteoporos. Int. 17, 1726-1733 (2006).

suggested that refracture rates in men and women were
similar over a 10-year period, and that most types of frac-
ture were associated with an increased risk of subsequent
fracture, apart from those in the ribs in men or ankles
in women.*

Health impact of fragility fracture

Fragility fractures are associated with significant mor-
bidity; both hip fractures and vertebral deformities are
additionally associated with excess mortality. An esti-
mated 740,000 deaths per year are associated with hip
fracture.” Fragility fractures account for 0.83% of the
burden of noncommunicable disease worldwide and
1.75% in Europe, where they are associated with more
disability-adjusted life years than many other chronic
noncommunicable diseases (Figure 2).2¢

Mortality

Data from the Rochester cohort showed that survival
rates 5 years after hip and vertebral fractures were
approximately 80% of those expected for men and women
of similar age without fractures (Figure 3).” Mortality
associated with hip fracture increases with age, is higher
in men than women, and is greater for those with poor
prefracture functional status and coexisting illnesses.
Around 31,000 excess deaths occur within 6 months of
approximately 300,000 hip fractures every year in the
US.?® About 8% of men and 3% of women aged over
50 years die while in hospital following their hip frac-
ture.”® Mortality rates after hip fracture continue to rise
over the subsequent months and peak at 1 year, with a rate
of 36% for men (higher for the very elderly) and 21% for
women.? Similarly, in the UK, the 12-month survival rate
post-hip-fracture for men is 63.3% versus 90.0% expected,
and for women is 74.9% versus 91.1% expected.* The
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Figure 3 | Survival after osteoporotic fractures.?’
Reproduced by permission of Oxford University Press from
Cooper, C. et al. Population-based study of survival after
osteoporotic fractures. Am. J. Epidemiol. 137, 1001-1005
(1993).

risk of death in the UK is maximal immediately after the
fracture and decreases gradually over time. However, data
from the Dubbo Epidemiology Study of community-
dwelling women and men aged at least 60 years suggest
that elevated mortality persists for up to 10 years after hip
fracture.” A subsequent fracture further elevates the risk
of death over another 5 years. In this cohort, survival was
reduced following all types of fracture except for minor
fractures, where mortality was increased only for those
aged 75 years or older. Data from Sweden suggest that
only 25% of deaths from hip fracture are directly attribut-
able to the fracture or to complications such as infection,
thromboembolism and subsequent surgery.** The residual
mortality might reflect coexisting morbidity from under-
lying diseases, although, in the Dubbo study, the main
predictors of higher mortality were male sex, increasing
age, quadriceps weakness and subsequent fracture, but
not the presence of comorbidities. Smoking, low BMD
and body sway (also known as postural sway—slight
movements related to maintenance of balance) were also
predictors of post-fracture mortality in women, as was a
lower level of physical activity in men.”

The pattern and causes of death associated with hip
fracture might differ somewhat for those in institutional
care. A recent Australian nested case—control study of
2005 elderly people in residential care found that survival
rates for hip fracture and control patients were similar
within 1 year following fracture repair.*’ After adjust-
ing for sex, gender, institution type, weight, immobility,
cognitive function, comorbidities and number of medi-
cations, the hazard ratio of death following surgery for
hip fracture for patients compared with controls was
3.09 after the first 3 months, 1.99 at 3-9 months and 0.88
at more than 9 months post-fracture repair. The main
causes of death in the first 9 months were infections for
females and cardiac disease for both sexes. Interestingly,
bisphosphonate use was associated with a reduction in

mortality post-fracture repair.’ It seems likely that the
swift equalization of mortality rates between cases and
controls in this population reflects the high risk of death
in institutionalized populations compared with free-living
individuals in the GPRD and Dubbo studies.

Given the obesity epidemic faced by much of the dev-
eloped world, concern has been raised regarding a pos-
sible association between obesity and adverse outcomes
following surgery for hip fracture. However, this seems
not to be the case, at least with regards to noncardiac
complications, with recent US data showing a higher risk
of adverse outcomes in patients with below-normal BMI,
rather than those with above-normal BMI.*? Dementia,
in addition to age, was found to be an independent pre-
dictor of poor outcome following surgery for hip frac-
ture in an Israeli discharge study.® Finally, there is some
suggestion of a decrease in mortality following hip frac-
ture, despite increasing rates of comorbidity, in longitu-
dinal comparative data using the Medicare database in
the USA*

Excess mortality after vertebral fracture seems to per-
sist for up to 5 years in both sexes.?”? Only 8% of deaths
following vertebral fractures are directly attributable to
osteoporosis, and impaired survival is more pronounced
for vertebral fractures that follow moderate rather than
severe trauma.”’ In the UK GPRD study, the observed
survival in women 12 months after vertebral fracture
was 86.5% versus 93.6% expected; at 5 years, survival
decreased to 56.5% observed compared with 69.9%
expected.” In the Dubbo study the age-adjusted standar-
dized mortality ratio following vertebral fracture was
1.82 for women and 2.12 for men.”

Fractures of the radius or ulna tend not to be associated
with increased mortality except in elderly men, where
only a slight excess of deaths has been observed.?”

Morbidity

Of those who survive a fragility fracture, many will
remain significantly impaired. In the USA, 7% of survi-
vors of all types of fracture have some degree of perma-
nent disability, and 8% require long-term institutional
care.” Overall, a 50 year old white American woman has
a 13% chance of experiencing functional decline after any
fracture.”” Table 1 summarizes the impact of hip, spine
and wrist fractures on morbidity.

Consistent with their effect on mortality, hip fractures
contribute most to osteoporosis-associated disability.
Patients are prone to developing acute complications
such as pressure sores, bronchopneumonia and urinary
tract infections. Long-term mobility may be severely
impaired; 50% of those who are ambulatory before the
fracture are unable to walk independently afterwards.
Age is an important predictor of outcome, with 14% of
50-55 year old hip fracture patients being discharged to
residential care homes compared with 55% of those aged
over 90 years.” In the USA, 25% of formerly independent
patients became at least partially dependent following
a hip fracture, and 50% of those who were dependent
prefracture were admitted to residential care; those who
were already in care homes remained there.’
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Although only a minority of vertebral fractures come
to clinical attention, symptomatic vertebral fractures
account for 52,000 hospital admissions in the USA and
2,188 in England and Wales each year in patients aged
45 years and over.*** The major clinical consequences of
vertebral fracture are back pain, kyphosis, and height loss.
Scores on the quality of life questionnaire of the European
Foundation for Osteoporosis decrease as the number of
vertebral fractures increases.” The psychological impact
of functional loss can lead to depression and social isola-
tion, as well as to a loss of self-esteem. In EPOS, partici-
pants with radiologically identified vertebral fracture at
baseline had repeat radiographs performed 3 years later.*
Women who had suffered a further fracture during this
period experienced substantial levels of disability with
impairments in key physical functions of independent
living. Few similar data exist for men.

In contrast to fractures of the spine and hip, wrist
fractures do not seem to be associated with increased
morbidity.**” Although wrist fractures can impact some
activities, such as writing or meal preparation, few patients
are completely disabled, despite over half reporting only
fair-to-poor function at 6 months post-fracture.

Secular trends and economic cost

Future projections

The economic cost of osteoporosis needs to be under-
stood in terms of both the current and the future burden
of fracture. Figure 4 summarizes the secular changes
for hip fracture over the last century in Europe, demon-
strating the mainly upward trend in age-adjusted inci-
dence to the present time.** The global life expectancy is
increasing steadily and the number of elderly individuals
is rising in every geographic region. By the year 2050,
the population of individuals aged 65 years and over is
expected to increase from 323 million to 1,555 million.
These demographic changes could lead to an increase in
the number of hip fractures occurring worldwide among
individuals aged at least 35 years; in fact, the incidence of
hip fracture is estimated to increase from 1.66 million in
1990 to 6.26 million in 2050.*' Assuming a constant age-
specific risk of hip fracture, an increase in the number
of over 65 year olds in the USA from 32 million in 1990
to 69 million in 2050 could be accompanied by a three-
fold rise in the number of hip fractures.*’ Similarly, in
the UK, the number of hip fractures could increase from
46,000 in 1985 to 117,000 in 2016.** By contrast, recent
studies from Switzerland and Finland suggest that the
age-adjusted incidence of hip fracture has declined over
the last decade.**** The reason for these changes might
include an increase in obesity or better screening and
treatment for osteoporosis, and could partly offset the
impact of the projected increase in the elderly popu-
lation. This reduction in age-adjusted incidence has not
been recorded in the developing world; therefore, the
increase in the elderly population together with the adop-
tion of more-westernized lifestyles in these areas is likely
to ensure an increase in the worldwide burden of fragility
fractures in future generations. This increase is likely to
be uneven across the globe, with the expansion of the

Table 1 | Impact of osteoporosis-related fractures in the UK*7**
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Impact Hip Spine Wrist
Lifetime risk (%)
Women 14 28 13
Men 3] 6 2
Patients per year 70,000 120,000 50,000
Hospitalization (%) 100 2-10 5)
Relative survival 0.83 0.82 1.00

*Reproduced with permission from Cooper, C. Epidemiology of osteoporosis. Osteoporos. Int. 9 (Suppl. 2),

S$2-S8 (1999). *Cost for all sites combined: approximately UK£1.7 billion.
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Figure 4 | Secular trends for hip fracture in Europe.*°
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elderly population in Latin America and Asia potentially
leading to a shift in the geographical distribution of hip
fractures, with only an estimated one-quarter occurring
in Europe and North America.*!

Economic cost and risk assessment strategy

The cost of osteoporosis-related fractures to the global
economy is immense. A conservative estimate of the
worldwide direct and indirect annual costs of hip frac-
ture in 1990 was US$34.8 billion. This is set to rise to
$131.5 billion by 2050 (at a cost of $21,000 per patient).*
The costs associated with other fractures are less well-
defined. The cost of fragility fractures for 2005 in the USA
was an estimated $19 billion.*® In the UK alone, the annual
cost to the healthcare system from fragility fractures has
been estimated at UK£1.7 billion.*” Hip fractures account
for over one-third of the total UK figure, and reflect the
cost of inpatient medical services and residential-home
care. Expenditures are rising faster than the general rate of
inflation and are a major source of concern to government
leaders and third party payers.

Strategies to reduce health and economic impact
Given the enormous health and economic impact of
fragility fracture, there is a clear imperative to develop
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strategies to reduce this burden. Models have been dev-
eloped to express risk in terms of the 10-year probability
of fracture, encompassing hip and other sites. For example,
a woman aged 60 years with an average BMD (that is, a
T-score of approximately -1.4) might have a 10-year prob-
ability of hip fracture of 2.4%; if a previous fragility frac-
ture is included then the risk could increase to 4.8%.** An
example of such a model is the FRAX® algorithm, which
was developed using data from nine cohorts around the
world.*** Using this algorithm, clinicians can input easily
obtained clinical data, either alone or in combination with
BMD, to gain an estimate of the patient’s absolute risk of
fracture over the next 10 years. This model was recently
used in a case-finding strategy for men and women at high
risk of fracture, delineating fracture probabilities at which
BMD testing or intervention should be reccommended.™*
The results suggested that treatment with generic alen-
dronate therapy (assuming a conservative cost of £95 per
year of treatment) was cost-effective at all ages when the
10-year risk of a major fragility fracture was higher than
7%. The recommended assessment thresholds for BMD
testing were 6.9% at 50 years and 18-36% at 80 years of
age. The thresholds chosen are clearly influenced by a
variety of health-economic assumptions, not least the costs
of medication and fracture care, as well as the amount
society is willing to pay for a given benefit. Further work
to validate the FRAX® algorithm as a case-selection tool in
the UK is underway (SCOOP [Screening of Older Women
for Prevention of Fracture] Study). Recent data from
Australia (dervided from UK and US cohorts) have sug-
gested that FRAX®is able to discriminate between female
patients with fragility fracture and controls, although the

results for men were less robust.*” Ultimately, similar strat-
egies, in combination with preventative measures, at the
public health level could help to reduce the burden of this
devastating disease.

Conclusions

Osteoporosis has a massive impact on health at the indivi-
dual and population level with a huge monetary cost to
national economies. The three most important fragil-
ity fractures associated with osteoporosis are those of
the hip, spine and wrist. With the global shift towards
an aging population, even if age-adjusted incidence of
fracture remains stable, there will be a large increase
in fracture burden worldwide over the next 50 years, much
of which will fall on the developing world. Strategies are
being developed to more-comprehensively target those
at high risk of fracture both for primary and secondary
prevention (such as fracture-liaison services™), but much
more needs to be done at the policy level to reduce the
burden of fragility fracture in future generations.
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REVIEWS

CORRECTION

Osteoporosis impact on health and economics

Harvey, N., Dennison, E. & Cooper, C.

Harvey, N. et al. Nat. Rev. Rheumatol. 6, 99-105 (2010); doi:10.1038/nrrheum.2009.260

In the Review article by Harvey et al. published in the February 2010 issue of Nature
Reviews Rheumatology, the labels for the key in Figure 3 were inverted. Expected survival
after osteoporotic fracture should be depicted by the solid line and observed survival by
the dotted line.
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