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Abstract Osteoporosis constitutes a major public health
problem through its association with age-related fractures,
most notably those of the proximal femur. Substantial
geographic variation has been noted in the incidence of hip
fracture throughout the world, and estimates of recent
incidence trends have varied widely. Studies in the
published literature have reported an increase, plateau, and
decrease in age-adjusted incidence rates for hip fracture
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among both men and women. Accurate characterisation of
these temporal trends is important in predicting the health
care burden attributable to hip fracture in future decades.
We therefore conducted a review of studies worldwide,
addressing secular trends in the incidence of hip and other
fractures. Studies in western populations, whether in North
America, Europe or Oceania, have generally reported
increases in hip fracture incidence through the second half
of the last century, but those continuing to follow trends
over the last two decades have found that rates stabilise
with age-adjusted decreases being observed in certain
centres. In contrast, some studies suggest that the rate is
rising in Asia. This synthesis of temporal trends in the
published literature will provide an important resource for
preventing fractures. Understanding the reasons for the
recent declines in rates of hip fracture may help understand
ways to reduce rates of hip fracture worldwide.

Keywords Epidemiology - Hip fracture - Incidence -
Osteoporosis - Temporal trend

Introduction

Osteoporosis constitutes a major public health problem
through its association with age-related fractures, most
notably those of the hip, vertebrac and distal forearm.
However, prospective studies have shown a heightened risk
of almost all types of fracture in individuals with low bone
mineral density (BMD). In the year 2000, there were an
estimated 9 million osteoporotic fractures worldwide, of
which 1.6 million were at the hip, 1.7 million at the forearm
and 1.4 million were clinical (symptomatic) vertebral frac-
tures. The combined annual cost of all osteoporotic fractures
has been estimated to be $20 billion in the USA and €30
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billion in the European Union [1]. As life expectancy rises
around the world along with the number of elderly
individuals in every geographic region, the incidence of hip
fractures is estimated to reach 6.3 million in 2050, assuming
a constant age-specific rate of fracture in men and women
[2]. However, substantial variation has been reported in hip
fracture incidence rates around the world [1]. Age-adjusted
rates seem to be highest in Scandinavia and in North
American populations, with almost seven fold lower rates in
southern European countries [3]. Hip fracture incidence is
also lower in Asian and Latin American populations [4, 5]
and rates seem to be lower in rural than in urban areas [6, 7].

In order to estimate the future global burden of hip and other
age-related (or fragility) fractures in a more robust manner, it is
important to analyse changes in fracture incidence rates
adjusted for demographic changes in the world population.
Projections of the future numerical burden of hip fracture are
known to be highly sensitive to secular changes in age-
adjusted incidence rates [8]. Temporal trends in the age- and
sex-adjusted incidence of hip fracture around the world were
initially explored by Melton et al. [9], over the period 1928—
1980 (Fig. 1). Incidence rates appeared to be rising steeply in
the USA, as well as in other European centres. These
increases were confirmed in subsequent studies from the
UK [10] and Scandinavia [11, 12]. The protracted follow-up
period available in Rochester, MN, however, also suggested
the intriguing possibility that age-adjusted incidence rates
might have begun to plateau in women from around 1955
onwards [9]. These findings suggest an important role for
environmental factors in the aetiology of hip fracture.
However, the extent to which the risk factors studied to date
(including smoking, alcohol consumption, physical activity
levels, obesity and migration status), as well as the changing
rates of risk assessment and treatment contribute to these
temporal trends remains uncertain.

This review will update the secular trends for hip fracture in
Europe, North America, Oceania and Asia. The limited data on

Fig. 1 Secular trends in the
incidence of hip fracture: 1928—
1982. Adapted from [9]
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long-term incidence trends for vertebral, distal forearm and
other fractures will also be covered. The review was conducted
using the PubMed database and MeSH terms/keywords that
were employed included “fracture”, “incidence”, “osteoporo-
sis”, “secular” or “trends”. Two co-authors (ZAC and CRH)
conducted separate searches to ensure comprehensive identifi-
cation of studies. All abstracts were reviewed to identify
manuscripts of interest. Articles were chosen if they: (1)
included incidence rates of fracture at any site over a defined
time period; (2) reported directly estimated age-adjusted
incidence rates from defined, broadly representative population
samples; (3) used statistical tests to evaluate temporal trends;
and (4) were published in the English language literature. The
reference lists of these articles were examined for any other
potentially relevant articles. Quality criteria included prospec-
tive ascertainment of fracture, appropriate definition of fracture
site (ICD or other validated recording system) and determina-
tion of incidence over at least a 1-year period. Studies were
considered eligible for review regardless of year of publication.
In all, 51 articles were included and reviewed to ascertain the
secular changes in osteoporotic fracture by country (Table 1).
The majority of studies provided information on changes in
hip fracture rates for men and women, but the data for secular
trend in each gender were inconsistently supplied. Where
available, trends in men generally resembled those in women.
We therefore provide information in the table for both genders
combined (age-standardised where possible). In those instan-
ces where data were only available for women, these are
included in the table.

Secular trends in hip fracture
North America

The earliest study to examine hip fracture incidence trends
was based in Rochester, MN [9, 13]. This investigation
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Table 1 Annual change (%) in
age- and sex-adjusted hip fracture
incidence worldwide

Most studies provide information
on changes in hip fracture rates
for men and women, but data for
secular trend in each gender are
inconsistently available. The table
provides information for both
genders combined; where data
were only available for women,
these are also included

Region Country Period Annual (%) change
Europe Sweden [12] 1965-1980 +2.2%
Sweden [27] 1992-1995 —0.5%
Norway [6] 1979-1999 -1.9%
Denmark [29] 1987-1997 +4.1%
Denmark [32] 1997-2006 +1%
Finland [31] 1992-2003 +2.5%
Finland [18] 1970-1997 +2.2%
Finland [30] 1997-2004 2.4
France [42] 2002-2008 -1.3%
UK [33] 1978-1995 +2.0%
UK [34] 1989-1998 Increased 8% to 1992 then stable
UK [10] 1968-1985 6% increase to 1978 then stable
Netherlands [35] 1986-1993 +1.3%
Netherlands [36] 1993-2002 -0.5%
Germany [39] 1995-2004 +0.5%
Switzerland [37] 1991-2000 -1.4%
Austria [38] 1994-2006 +0.8%
Austria [41] 1989-2008 -1%
Hungary [40] 1993-2003 +0.77%
Spain [44] 1988-2002 +3.8%
North America Rochester [8] 1928-1972 +2%
Rochester [13] 1972-1992 —0.8%
Rochester [14] 1980-2006 -1.37%
Framingham [17] 1948-1996 +1%
USA [19] 19861995 +0.9%
USA [19] 1996-2005 -2.5%
Canada [23] 1981-1992 +0.1%
Canada [24] 1992-2001 —0.9%
Canada [20] 1985-2005 -1.6%
California (white) [21] 1983-2000 —0.6%
California (Hispanic) [21] 1983-2000 +4.6%
Oceania Australia [47] 1989-2000 —4%
Australia [48] 1990-2000 0%
New Zealand [45] 1950-1987 +2%
New Zealand [46] 1989-1998 -1.2%
Asia Hong Kong [51] 1966-1995 +7.5%
Hong Kong [51] 1985-2001 -1.2%
Singapore [53] 1991-1998 +1.2%
Japan [54] 1986-2001 +3.2%
Japan [55] 2004-2006 +3.8%

examined all fractures of the proximal femur occurring
among residents over the 65-year period, 1928-1992
(Fig. 1). Incidence rates increased exponentially with age
in both men and women. Annual age-adjusted incidence
among women rose rapidly until 1955 only to fall slowly
thereafter. Age-adjusted rates in men rose more steadily
before beginning a downturn after 1980. The magnitude of
the decline in incidence rates when both genders were

analysed together was substantial: 9% between 1973 and
1992, with an incidence of 612.7 per 100,000 person-years
at the end of the period. There was also a 13.7-year increase
in the age at first hip fracture over the study period. In the
most recent analysis of the Rochester data, a follow-up
extended between 1980 and 2006 [14], the overall
incidence of hip fractures declined by a further 1.42% per
year in women and 0.44% per year in men (Fig. 2). The
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Fig. 2 Age-adjusted incidence Women Men
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incidence of first hip fracture declined in women by 1.37%
per year but remained unchanged in men. Among those
with a previous history of hip fracture, the cumulative
incidence of recurrence after 10 years was 11% in women
and 10% in men. Accounting for the reduction in first hip
fracture rates over time, hip fracture recurrence also
appeared to decline after 1997.

A second study from the USA used the National
Hospital Discharge Survey (which covers 0.6% of all
patient discharges) to analyse secular trends in hip fracture
incidence among the white population from 1970 to 1983
[15]. An overall increase of 9.3% in age- and sex-adjusted
hip fracture incidence rates was observed over the 14-year
period. Another study using the same database addressed
age-specific rates between 1965 and 1993 [16]. Incidence
increased linearly for men in the age groups 80-84 years
and 85 years and older but for women and young men, rates
did not change significantly over the time period. There
was an overall improvement in hospital survival rates
among men aged over 85 years and women over 75 years.

The Framingham study, a population-based cohort study
from 1948 to 1996, also confirmed the progressively rising
incidence rates in hip fracture during the second half of the
last century [17]. In addition, this carefully assembled study
suggested a birth cohort effect on hip fracture risk, with
rates 20% and 40% higher among women born from 1901
to 1910 and from 1911 to 1921, respectively, compared
with those born in the decade prior to this (Fig. 3). These
findings are consistent with birth cohort effects on hip
fracture incidence noted in the UK [10] and Finland [18].
They point to aetiological factors which might act early in
the lifecourse that reflects themselves in rising fracture rates
in successive later generations (see below).

These data have been augmented recently by two large
studies. In the first study [19], temporal trends in hip
fracture incidence were examined over 20 years in the US

@ Springer

Medicare database. A 20% sample of patients aged 65 years
and older registered in this resource over the period 1986—
2005 identified 786,717 hip fractures. The age-adjusted
incidence in women increased by 9% from 1986 to 1995,
with a remarkable subsequent decline of 24.5% between
1996 and 2005. A similar pattern was observed among
men, with a 16.4% rise over the initial decade studied,
followed by a 19.2% decline in the second 10-year period.
The decline appeared to be collinear with an increasing use
of bisphosphonates among the enrolled patients studied,
and estimates of the impact of pharmacotherapy on fracture
incidence rates was calculated to be as high as 40%. This
estimate is substantially higher than that obtained from
incidence trends in Canada.

The second study [20] utilised nationwide hospitalisation
data for Canada over the period 1985-2005. In this
analysis, age-specific hip fracture rates decreased continu-
ously over the entire study period, with an inflexion in the
trend line such that the annualised decline in incidence from
1985 to 1996 was 1.2% (95% CI 1.0-1.3%), while that
from 1996 to 2005 was substantial steeper (2.4%; 95% CI
2.1-2.6%; p<0.001).

Studies have also addressed the variation in hip fracture
rates among different ethnic groups within the US popula-
tion as a whole. A Californian analysis explored incidence
between 1983 and 2000 with particular emphasis on the
Hispanic population, the fastest growing ethnic minority in
the USA [21]. Hip fractures were identified using a hospital
discharge database. Among non-Hispanic white men and
women in California, the standardised annual hip fracture
rate for those aged 55 years and over declined steadily over
each of the past two decades (0.5% among men and 0.6%
among women). No such change was observed among
Black or Asian women. By contrast, annual fracture rates
among the Hispanic population increased significantly
(4.2% in men and 4.9% in women). Alternative explan-
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Fig. 3 Age-specific incidence
rates of hip fracture (per
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ations proposed by the authors included differences in the
lifestyle (nutrition and physical activity) of different ethnic
groups, as well as variations in the environments they
experienced during growth and development. The rise in
US Hispanic rates is paralleled by early observations from
Mexico. Data from one of the largest health systems in the
country were used to evaluate trends in incidence between
2000 and 2006. Age-adjusted rates increased by around 1%
per year among both men and women [22].

Smaller regional studies undertaken in Canada have
generally reported similar patterns of hip fracture incidence
to those observed in the recent national study [20] and in
the USA. The first of these, undertaken using a hospital
discharge register in Ontario between 1981 and 1992,
showed no significant change in age- and sex-adjusted rates
over the period [23]. As with many studies in western
populations, the absolute number of hip fractures increased
over the observation period along with the growing elderly
population, and predictions suggested a doubling of this
number by 2010. A second Ontario study [24] reported that
age-adjusted rates had remained stable through to 1996
with a subsequent decline of around 0.9% each year among
women. The decline was less steep among men. Finally, a
study from Quebec revealed unchanged age-adjusted hip
fracture rates among men and women between 1981 and
1992 [25]. Cervical femur fractures predominated at
younger ages among women, but above the age of 70 years,
trochanteric hip fracture incidence increased and the pattern
was reversed. Summarising the data for Canada as a whole,
data are scarce over the second half of the twentieth century
but there seems no reason to suppose that age-adjusted
increases did not parallel those observed in the northern
USA. Since 1981, age-adjusted rates achieved a plateau and
subsequently began to fall, with a progressive acceleration
in this decline since the turn of the millennium.

Europe
European data on hip fracture incidence are available for

Scandinavia, central and southern Europe (Fig. 4). Table 1
provides information for both genders combined (age-
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standardised where possible). In those instances where data
were only available for women, these are included in the
figure.

Scandinavia

Scandinavia has the highest reported incidence of hip
fracture worldwide. A plethora of studies have addressed
secular tendencies in fracture incidence throughout this
northern European region. One of the earliest studies from
Uppsala, Sweden (1965-1980), found an increase in the
age- and sex-adjusted hip fracture rate from 430 per
100,000 person-years in 1965 to 650 in 1980 [12]. The
authors estimated an annual increase of 2.2% over the study
period. The rise in fracture rates was most pronounced
among men and women aged 85 years and older, for whom
fractures were three times more common in 1980 than in
1965. Subsequent studies from Malmo, Sweden revealed
similarly steep increases in hip fracture incidence from
1950 to 1985 among men and women [26]. Thus, the
annual age-adjusted incidence of 150 per 100,000 men in
1950 had risen to 390 per 100,000 men in 1985. The
incidence rates in women had risen from 300 to 830 per
100,000 over the same period. Increased incidence was
observed for both trochanteric and cervical femur fractures.
A more recent study from the same city [27] suggests a
plateau in hip fracture incidence between 1992 and 1995, a
finding which is in accordance with several observations
made in North America.

Studies have also explored hip fracture incidence in
Norway, Denmark and Finland. Using diagnostic registers
maintained between 1979 and 1999, a similar plateau in the
incidence of hip fracture has been observed in Oslo,
Norway to that seen in Sweden [28].

In Vyborg County, Denmark [29], the age-adjusted
incidence of hip fractures increased by around 18 per
100,000 per year among women and 8§ per 100,000 per year
among men between 1987 and 1997. The increase appeared
to be more pronounced for trochanteric than for cervical
fractures. This general pattern was also observed in
Helsinki using the Finnish National Hospital discharge
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Fig. 4 Secular trends in hip
fracture worldwide: annual
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register [18, 30, 31]. Over the period, 1970-1997, age-
adjusted hip fracture rates increased among both women
and men. In marked contrast, age-adjusted rates fell
between 1992 and 2004. The decline was around 2.4%
per year among women and 0.9% per year among men.
This decline has been verified in a recent study based on
national Danish registration data [32].

To summarise the epidemiological data from Scandinavia
as a whole, increases in hip fracture incidence were observed
from 1950 to around 1990, even after allowance for
demographic changes in the population. Over the last two
decades, rates appear to have fallen with declining rates more
apparent among women than among men.

Northern and Central Europe

The largest number of studies has been undertaken in the
UK. The first of these utilised national hospital discharge
statistics between 1968 and 1985 (Fig. 5) [33]. Age- and
sex-specific rates increased steadily over the first decade of
this period but reached a plateau between 1979 and 1985. A
similar pattern was observed in the Oxford Record Linkage
Study [10], which also explored underlying contributors to
these incidence trends using age-period-cohort modelling.
A clear birth cohort effect was observed with differences in
rates apparent for births from 1883 to 1917. The data
resembled analyses from the Framingham study, which also
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revealed progressive increases in fracture rate for birth
cohorts between 1887 and 1921 [17]. The most recent study
from the UK echoes findings in North America and
Scandinavia, with stabilisation of age-standardised hip
fracture incidence rates over the period 1989—1998 [34].
In The Netherlands, the age-adjusted incidence of hip
fracture increased in a linear manner between 1972 and
1987 [35], but a later study suggested a stabilisation of rates
between 1993 and the turn of the century [36]. This
stabilisation in hip fracture incidence was also observed in
Geneva, Switzerland between 1991 and 2000 [37], where
age-adjusted rates in women actually decreased by around
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Fig. 5 Trends in hospitalisation for hip fracture in England and
Wales: 1968-1985. Adapted from [33]
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1.4% each year. In a similar manner, stabilisation in
incidence rates for hip fracture has been observed between
1990 and 2000 in Austria [38], Germany [39] and Hungary
[40]. In Austria and Germany, significant decreases in age-
adjusted rates were reported between 2000 and 2005. Thus,
although early studies from Central Europe reported an
increase in the age-adjusted incidence of hip fracture among
both men and women, more recent studies have reported a
plateau and, most recently, a decline [41, 42].

Southern Europe

Southern European studies have been confined to Italy and
Spain. In Italy [43], the incidence of hip fracture rose
dramatically between 1980 and 1991 among men, but no
such trend was observed among women. Overall incidence
rates in this study from Siena [43] were substantially lower
than those observed in Northern or Central European
nations. In Cantabria, Spain [44], the number of hip
fractures increased between 1988 and 2002, reflected in
an increase in age-adjusted incidence rates among men and
women, over the same period.

Oceania

Hip fracture incidence rates in New Zealand and Australia
have followed similar patterns to those observed in North
America and Europe. A nationwide study in New Zealand
observed significant increases in age-adjusted rates between
1950 and 1987 [45], but a follow-up study using the New
Zealand Health Information Service between 1988 and
1999 reported that the number of men and women aged
65 years and over with a hip fracture did not meet previous
predictions [46]. Furthermore, age-specific hip fracture
rates were found to have declined significantly among
women over this later period.

Two Australian studies also appear to confirm the recent
declines in hip fracture incidence. The Dubbo Osteoporosis
Epidemiology Study [47] based in a suburban centre
northwest of Sydney, reported significant reductions in
fracture incidence between 1989 and 2000 (4% each year
among women and 6% among men). A larger study
evaluating hospital admissions for hip fracture in New
South Wales, suggested stable age-adjusted rates between
1990 and 2000 [48].

Asia

Around 30% of the hip fractures occurring worldwide are
thought to arise in Asian populations, most notably that of
China. Studies of temporal trends are available for several
Asian countries including China, Singapore and Japan. In
contrast, trend data are not available for Russia or India.

In Hong Kong, China, the age-adjusted incidence of hip
fracture using hospital discharge statistics from all public
hospitals was compared in 1966 [49], 1985 [50] and 1991—
1995 [51]. Steep increases in incidence were observed
among men and women between 1966 and 1985 (1.7-fold
among men and 2.5-fold among women). Rates stabilised
between 1985 and 1995, by which time they had become
very similar to those observed contemporaneously in the
UK, after age and sex standardisation.

Hip fracture incidence was also estimated in all 76
hospitals of Beijing, China in 1988-1992 [52]. The age
standardised incidence for hip fracture was markedly lower
in Beijing than observed in Hong Kong in 1985 or in US
Caucasians. The Beijing rates were among the lowest in the
world at the time that they were reported but appear to be
rising (around 33% between 1988 and 1992). It is likely
that part of this apparent increase in incidence was due to
changes in the completeness and accuracy of reporting
cases from hospitals.

In Singapore, incidence rates estimated in 1991 to 1998
[53] suggested increases of around 1% each year when
compared with rates derived in 1965. The incidence of hip
fracture in Singapore is now among the highest in Asia and
resembles to that observed in Hong Kong, China. During
the earliest period covered by these studies, increases in hip
fracture rates predominated among Chinese and Malay
subsets of the population, while rates in Indians appeared to
decrease. The studies in Singapore and Hong Kong both
suggest that urbanisation with attendant changes in physical
activity and nutrition are associated with the rapidly rising
fracture trends during the period 1960—1980. However, the
study from Beijing suggests that changes in the accuracy of
case reporting might also have contributed to these apparent
increases in age-specific incidence.

The third group of Asian studies have been undertaken
in Japan. These include a detailed evaluation of the
incidence of hip fracture in Tottori Prefecture between
1986 and 2001. Significant increases in the age-specific
incidence rate of fracture were observed in both men and
women over this period (Fig. 6) [54]. These increases
appear to have continued to the most recent follow-up
(2006), at which time age- and sex-specific rates were
rising by around 3.8% per year [55].

In summary, Asian studies have pointed more clearly
towards increasing age-adjusted incidence rates of hip
fracture among men and women, but these are complicated
by the potential for ascertainment bias. The most recent
studies from Hong Kong and Singapore suggest that
temporal trends may have reached a plateau but those from
Japan suggest continuing age-adjusted increases. Further
Asian studies are clearly needed to better characterise
secular trends in hip fracture incidence for the region as a
whole.
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Fig. 6 Age- and gender-specific
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Secular trends in the incidence of other fragility
fractures

Vertebral fracture

Population-based studies of vertebral fracture have been
few and far between, due in part to the variable clinical
presentation attributable to vertebral deformity, as well as to
variation in opinion as to the extent of deformity which
constitutes a significant vertebral fracture. The advent of
morphometric and semi-quantitative visual techniques has
enabled a number of studies to characterise both the
prevalence and incidence of vertebral fracture. The preva-
lence tends to increase with age among men and women,
although the gradient is steeper among women [56]. In
contrast with hip fractures, the prevalence and incidence of
vertebral deformities appear relatively homogeneous across
different regions of the world. Although variation has been
observed between centres in individual countries, the extent
to which this represents sampling bias remains uncertain.
Thus, the risk of vertebral fracture among postmenopausal
women in Southeast Asia [57] is only 25% lower than that
observed in the USA, despite a marked disparity in hip
fracture rates between the two nations.

Studies addressing temporal trends in the incidence of
vertebral fracture have only been undertaken in the USA and
Sweden. The incidence of clinically ascertained vertebral
fractures among residents of Rochester, MN was evaluated
between 1950 and 1989 [58]. No overall increase in the
incidence of vertebral fracture was observed over this 40-year
period, although age-adjusted incidence rates increased by
around 80% during the first 15 years of the follow-up period
(Fig. 7). This apparent increase was principally attributable to
an increasing rate of moderate trauma fractures among
postmenopausal women. A second study [59] used an
insurance claims database to estimate the changes in vertebral
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fracture incidence over the quinquennium 2000 to 2005.
Rates were again stable over this period [60].

Finally, age- and sex-specific incidence rates for radiolog-
ically diagnosed thoracic and lumbar vertebral compression
fractures have been studied among men and women residents
of Malmo, Sweden over the age of 60 years [61]. When the
years 1950 to 1952 and 1982 to 1983 were contrasted, age-
and sex-specific incidence rates were found to have increased
significantly among both women and men, with the steepest
rise observed among women aged 80 years and over.

Distal forearm fracture

Fractures of the distal forearm almost always arise
following a fall from standing height onto an outstretched
arm. Unlike vertebral and hip fractures, distal forearm
fractures do not appear to have any discernible influence on
survival. Among women, the incidence of distal forearm
fracture tends to rise steeply during the perimenopausal
period, and then rises more gently thereafter. Among men,
incidence rates remain relatively constant between ages 20
and 80 years. A greater female to male ratio has been
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Fig. 7 Secular change in the incidence of vertebral fracture in
Rochester, MN. Adapted from [58]
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observed for fractures at this site than for hip and vertebral
fracture (with most studies suggesting a female to male
ratio of four to one).

Secular trends in the incidence of distal forearm fracture
have been evaluated in North America, Australia, Scandinavia
and The Netherlands. Unlike vertebral fracture, rates of distal
forearm fracture due to low trauma appear relatively stable in
most of these studies. In Rochester, MN [62], age-adjusted
incidence rates increased gradually (0.5% per year) between
1945 and 1994. When men and women were evaluated
separately, the age-adjusted incidence in women reached a
peak in 1975, with declining rates thereafter. The pattern
broadly resembles that observed for hip fracture over the
same time span in the same population. A decline in age-
adjusted wrist fracture incidence has also been observed in
Canada [22] and Australia [63] where rates were found to be
constant between 1992 and 1996, but declined between 1997
and 2000. European data on secular trends in forearm
fracture are available for Sweden [64], The Netherlands [65]
and Denmark [66]. In general, rates increased significantly
until around 1980, but then fell back over the ensuing two
decades.

Pelvis, rib and other fractures

Most epidemiological studies have focussed on fractures at
the hip, vertebra and distal forearm. However, incidence
trends are available for low trauma fractures of the pelvis
[67], calcaneus [67], ribs [68], distal humerus [69], distal
femur [70] and proximal tibia [70].

These data have all been gathered in the National Hospital
Discharge registration system of Finland, and have all
increased in age-adjusted incidence between 1970 and 1990.
In most instances, rate increases have been greater among
women than men, and age-adjusted rates have increased more
steeply in older than in younger subjects. Confirmatory data
for pelvic fracture have also been obtained from New South
Wales, Australia [71], where the age-standardised hospital-
isation rate for pelvic fracture increased from 59.3/100,000
person-years to 89.2/100,000 person-years between 1988
and 2000. In contrast, a US claims database [59] docu-
mented stable age-adjusted incidence rates for pelvic fracture
over the 5 years between 2000 (8/100,000 person-years) and
2005 (12/100,000 person-years).

Mechanisms which might explain secular trends
in fracture incidence

There are several potential contributors to the observed
changes in age-adjusted incidence of osteoporotic fracture
observed over a period of several decades. These include:
(a) a change in the frequency of risk factors for fracture

which act relatively late in the lifecourse; (b) a change in
the frequency of risk factors influencing bone strength and
propensity to trauma during early life, which feed through
as altered fracture rates in successive birth cohorts; and (c)
alterations in the demographic structure of the populations
studied, within age and sex strata. All three of these
mechanisms are likely to contribute, but most attention has
been focussed on the changing prevalence of later life risk
factors. Among such factors, changes in patterns of
physical inactivity, vitamin D insufficiency and increasing
survival of the frailest elderly are likely to contribute
significantly to the age-adjusted increases in the rate of hip
fracture observed during the second half of the last century.
The reasons for a plateau or decrease in rates of hip fracture
since the mid-1990s are not clear. The first bisphosphonate
that effectively reduced the risk of hip fracture was
approved for use in North America and Europe at around
this time. However, the uptake and compliance with
therapy has been quite limited and would not fully explain
the temporal decreases in hip fracture that have been
observed [20, 72]. In Geneva, Switzerland, the reversal of
the hip fracture secular trend (observed in women only) was
explained by a decrease in the incidence in institution-
dwelling elderly women [73]. The increasing prevalence of
obesity in the general population might also have blunted
the age-specific increases in hip fracture incidence seen
over the last two decades. Alterations in nutritional pattern
and in tobacco consumption might also have contributed,
but cigarette smoking in elderly women has always been
very low and would have little impact on rates in the
general population. Similarly, there is little evidence for
changes in the prevalence of very heavy alcohol intake. The
use of postmenopausal oestrogen has declined in North
America and Europe, but this would tend to decrease, rather
than increase, fracture risk. Finally, it is also important to
exclude artefactual reasons for changes in rates of fracture,
such as changes over time in the methods and accuracy of
coding and reporting hip fractures to central databases and
health registries. No single explanation appears to account
for the different patterns seen among men and women, nor
the timing of increasing rates among women in different
regions.

The only direct evidence for a secular increase in the
frequency of low BMD in the general population comes
from comparison of skeletons obtained from a London
church over the period 1729 to 1852, with BMD measure-
ments made contemporaneously [74]. The rate of bone loss
as judged by DXA in samples retrieved from the nineteenth
century, both pre- and post-menopausal, was significantly
greater than that observed in modern-day women. Thus,
differences in rates of bone loss, as well as in peak bone
mass, may contribute to the increasing incidence of hip
fracture in the last half century [75].
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The significant birth cohort effects observed in both
Oxford and Framingham, suggest the need to consider
influences during intrauterine and childhood development.
One such example is that observed from the Dutch famine
of 1944-1945 [76]. Exposure to famine during gestation
resulted in increases in impaired glucose tolerance, obesity,
coronary heart disease, atherogenic lipid profile, hyperten-
sion and affective disorders. To date, it is not known
whether BMD values in the offspring of mothers who
experienced a famine are reduced when compared with
controls who did not. However, other examples (the
Spanish Civil War and concentration camp survivors in
Israel) suggest that profound insults of this type might
reduce BMD values in the offspring. However, the
incidence trajectories for hip fracture have been observed
in several countries (Canada, Australia and the USA) that
have experienced no major population-wide environmental
stressors. Evidence is also accruing that less severe
environmental factors during early life might influence the
peak bone mass achieved and later risk of fracture. Studies
on populations in the UK, USA and Scandinavia, have
revealed that low birth weight and weight in infancy predict
adult bone mass. Mother offspring cohorts have demon-
strated that maternal vitamin D insufficiency during late
pregnancy influences the bone mass of the offspring in later
childhood [77-79].

Conclusions

This review reveals that there have been substantial
temporal trends in the age-specific rates of hip fracture
during recent decades. Although there are a few exceptions,
age-specific incidence rates rose in western populations
until around 1980 and have subsequently reached a plateau
or decreased. The trends have been more pronounced in
women than in men. There are fewer data from Asia and
rates may still be rising in some regions. The temporal
patterns for distal forearm fractures in northern Europe
seem similar to those for hip fracture in that region. While
rates of vertebral fracture may have increased in Sweden
and the northern USA until the 1980s, there are no
comparative studies of more recent temporal trends which
have used standardised and population-based methods.
Studies from Finland indicate that the rates of other types
of fracture also increased from 1970 to 1990, but again,
there are few data beyond that time. Age-period-cohort
models suggest that all three of these influences operate on
the temporal trend observed for hip fracture. Attempts to
reduce the burden of fractures at this site should therefore
be directed throughout the lifecourse. Data on continuing
trends in hip fracture incidence, and on the changes in age-
and sex-adjusted incidence rates of fractures at other sites,

@ Springer

need to be collected prospectively and evaluated in a
rigorous manner, as these trends will impact substantially
on economic evaluations of the future burden of osteopo-
rosis and its related fractures worldwide.
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