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Epidemiology of Fracturesin England and Wales
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Records from the General Practice Research Database were
used to derive age- and gender-specific fracture incidence
rates for England and Wales during the period 1988-1998.
In total, 103,052 men and 119,317 women in the sample of 5
million adults sustained a fracture over 10.4 million and 11.2
million person-years (py) of follow-up. Among women, the
most frequent fracture sites wer e the radius/ulna (30.2 cases
per 10,000 py) and femur/hip (17.0 per 10,000 py). In men,
the most common fracture was that of the carpal bones (26.2
per 10,000 py); the incidence of femur/hip fracture was 5.3
per 10,000 py. Varying patterns of fracture incidence were
observed with increasing age; whereas some fractures be-
came more common in later life (vertebral, distal forearm,
hip, proximal humerus, rib, clavicle, pelvis), others were
more frequent in childhood and young adulthood (tibia,
fibula, carpus, foot, ankle). The lifetime risk of any fracture
was 53.2% at age 50 years among women, and 20.7% at the
same age among men. Whereas fractures of the proximal
femur and vertebral body were associated with excess mor-
tality over a 5 year period following fracture diagnosis
among both men and women, fractures of the distal forearm
wer e associated with only slight excess mortality in men. This
study provides robust estimates of fracture incidence that
will assist health-care planning and delivery. (Bone 29:
517-522; 2001) © 2001 by Elsevier Science Inc. All rights
reserved.

Key Words. Osteoporosis, Epidemiology; Fracture; Incidence;
Mortality; Risk.

Introduction

Osteoporotic fractures represent an enormous public health bur-
den. Worldwide, there were an estimated 1.66 million hip frac-
tures in 1990, about 1,197,000 in women and 463,000 in men.®
Epidemiological studies from North America have estimated the
lifetime risk of common fragility fractures to be 17.5% for hip
fracture, 15.6% for clinically diagnosed vertebral fracture, and
16% for distal forearm fracture among white women aged 50
years.® Corresponding risks among men are 6%, 5%, and 2.5%.
Fracture incidence data relating to the British population are,
however, more scarce. In Cardiff, Wales, arecent study reported
an al-fracture incidence rate of 235/10,000 per year anong men
and of 188/10,000 per year among women.** An earlier study
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based in Leicester'! suggested substantially lower rates: annual
incidence of fractures at all sites of around 100/10,000 per year
in men and 81/10,000 per year among women. Robust estimates
of fracture incidence are required to plan healthcare delivery, as
well asto characterize geographic and temporal variation. In this
study, we utilize records from the General Practice Research
Database to report age- and gender-specific fracture incidence
rates for the adult population of England and Wales as a whole,
during the period 1988 to 1998.

Subjects and Methods

General practitioners (GP) play a key role in the health-care
system of the UK, asthey areresponsible for primary health-care
and speciadist referrals. The information in this study was ob-
tained from the General Practice Research Database (GPRD),
which contains the computerized medical records of 683 general
practices in the UK. The population in GPRD is broadly repre-
sentative of the UK population in age and gender structure, with
a national coverage of about 6%.2* The data accrued include
demographic information about the patient, prescription details,
clinical events, preventive care provided, referrals to specialist
care, hospital admissions, and their major outcomes. Clinical
data are stored and retrieved by means of Oxford Medica
Information Systems (OXMIS) and READ codes for diseases or
causes of morbidity and mortality that are cross referenced to the
International Classification of Diseases, ninth edition (ICD-9).
The data quality of each entry into GPRD is measured against
specific targets, developed by comparisons with external statis-
tics, to ensure research standards are met. Only data from
practices that pass this quality control are compiled to form the
GPRD. Several independent validation studies have shown that
the database has a high level of completeness and validity.?* The
GPRD is owned by the Department of Health and managed by
the Medicines Control Agency in the UK.

Sudy Population

The study population consisted of all permanently registered
patients aged =20 years who had a fracture recorded in their
medical record during the period of time from the enrollment
date of their practice in GPRD until the end of data collection.
The duration of data collection was from 1988 until 1998. The
fracture types were classified according to the ICD-9 categories.
These included skull (ICD-9 categories 800—804), vertebra (805
or 806), rib (807), pelvis (808), clavicle (810), scapula (811),
humerus (812), radius/ulna (813), carpus (814 to 817), femur/hip
(820/821), patella (822), tibialfibula/ankle (823 or 824), foot
(825 or 826), or unspecified fractures (809, 818, 819, 827—829).
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Table 1. Distribution of fractures and incidence rates standardized to the UK population

Men Women Both
Fracture site No. of cases Rate per 10,000 py No. of cases Rate per 10,000 py No. of cases Rate per 10,000 py
All 103,052 99.5 119,317 107.1 222,369 1034
Radius/ulna 13,581 13.1 33,366 30.2 46,947 220
Carpus 26,649 26.2 11,563 10.4 38,212 18.0
Tibialfibula/ankle 15,474 15.0 16,164 14.6 31,638 14.8
Foot 12,584 12.2 13,358 11.9 25,942 12.1
Femur/hip 5755 53 19,179 17.0 24,934 11.4
Ribs 10,256 9.7 7128 6.4 17,384 8.0
Humerus 5558 53 11,458 10.3 17,016 7.9
Skull 9791 9.7 4054 3.6 13,845 6.6
Vertebra 3406 32 6195 5.6 9601 45
Clavicle 4162 4.1 2266 2.0 6428 3.0
Pelvis 1086 10 3527 31 4613 21
Patella 1114 11 1548 14 2662 1.2
Scapula 958 0.9 677 0.6 1635 0.8

KEY: py, person-years.

A high level of validity for the recording of fractures in GPRD
has been reported.?3

Age- and gender-specific fracture incidence rates in the
GPRD population were calculated by dividing the number of
patients with a fracture by the total person-years of follow-up
(detailed incidence estimates are available from the correspond-
ing author). The total person-time was the sum of the number of
patients registered on the database at July 1 of each calendar
year. In the case of a patient suffering several fractures during
follow-up, only the first fracture was used in the calculation of
incidence rates. A directly standardized fracture rate was esti-
mated using the age and gender structure of the population of
England and Walesin 1992. Lifetime risks of fracture were then
estimated using the age- and gender-specific incidence rates. For
a hypothetical cohort of 100,000 patients, the number of years of
lifelived at each year of age was estimated using all-cause mortdlity
rates for the genera population of England and Waes® The
estimated years of lifewere multiplied by the corresponding fracture
incidence rates to give the expected number of fractures in the
hypothetical cohort for each year of age>?*
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The observed survival following a fracture was calculated
using lifetable methods. Follow-up was based on the time from
fracture until death or the end of the study. Expected survival was
estimated using the age- and gender-specific person-years of
follow-up in the study population and all-cause mortality rates
for the general population of England and Wales.'® For each
period of time following the fracture, the total number of ex-
pected deaths was calculated by multiplying the age- and gender-
specific durations of follow-up and mortality rates. The proba-
bility of mortality was the number of expected deaths divided by
the number of patients at risk at the midpoint of each time period.
The cumulative survival probability was based on the product of
the corresponding conditional survival probabilities.

Results

A total of 103,052 men sustained one or more fractures over
10,427,627 person-years of follow-up, in contrast to 119,317
women over 11,191,844 person-years of follow-up. Table 1
shows the distribution of fractures and the standardized incidence
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Figure1l. Age- and gender-specific incidence of fractures at any site among 5 million adults registered in the General Practice Research Database, 1988

to 1998.



Bone Val. 29, No. 6
December 2001:517-522

(a)

100 Radius/Ulna
80
60
40
20
01
20 Ribs
= 2
S
R
3
é 0
@
2
3 3 Vertebra
‘©
£ 2
10
0
50 Pelvis
40
30
20
10
0
20 25 30 35 40 45 50 55A60 65 70 75 80 85 90 95
ge
(b) Carpus
80
60
40
20
04
Ankle
= 184
§ 15 |
2 12
g 9]
Py 64
= 34
3 0
=
()
T
E Skull

30

20

10 4

0

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Age

T. P. van Staa et al. 519
Epidemiology of fractures

Femur/hip

200

100

Humerus

12 Clavicle

Scapula —e—FEVALE
—e—MALE

0

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Age

Tibia/Fibula
25
20
15
10
5
04— — —————— ——
Foot
20
16
12
8
4
04 —_
| —@=FEMALE |
Patella L MALE

O 4N WA O

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Age

Figure 2. Age- and gender-specific incidence of fractures at selected sites among 5 million men and women registered in the General Practice Research
Database, 1988-1998. (a) Fractures showing pronounced increase in incidence with age. (b) Fractures showing no apparent increase in incidence, or
decrease in incidence, with advancing age. (Data available from corresponding author on request.)

rates. Fractures at al sites were slightly more common in women
(107.1 per 10,000 person-years [py]) than in men (99.5 per
10,000 py). In men, the most common fracture was that of the
carpal bones (26.2 per 10,000 py). There were 5755 femur/hip
fractures among men (5.3 per 10,000 py). Among women, the
most frequent fracture was that of the radius/ulna (30.2 per
10,000 py). There were 19,179 fractures of the femur/hip (17.0
per 10,000 py) in women. In patients aged =50 years, the
standardized incidence rate was 174.1 in women and 78.1 per

10,000 py in men. These rates were 37.2 and 11.1, respectively,
for femur/hip and 54.4 and 11.2 for radius/ulna.

Figure 1 shows the age and gender-specific incidence rates
for all fractures within the cohort. Fracture incidence was greater
among men than women until age 50 years, when the gender
ratio reversed. At age 20 years, annual fracture incidence was
161.8 among men and 53.7 per 10,000 py among women. By age
90 years, rates were 449.3 among women and 220.9 per 10,000
py among men.
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Table 2. Estimated risks of fractures at various ages

Current age  Any
(years)  fractures Radiusulna Femur/hip Vertebra

Lifetime risk

Women
50 53.2% 16.6% 11.4% 3.1%
60 45.5% 14.0% 11.6% 2.9%
70 36.9% 10.4% 12.1% 2.6%
80 28.6% 6.9% 12.3% 1.9%

Men
50 20.7% 2.9% 3.1% 1.2%
60 14.7% 2.0% 3.1% 1.1%
70 11.4% 1.4% 3.3% 1.0%
80 9.6% 1.1% 3.7% 0.8%

10 year risk

Women
50 9.8% 3.2% 0.3% 0.3%
60 13.3% 4.9% 1.1% 0.6%
70 17.0% 5.6% 3.4% 1.3%
80 21.7% 5.5% 8.7% 1.6%

Men
50 7.1% 1.1% 0.2% 0.2%
60 5.7% 0.9% 0.4% 0.3%
70 6.2% 0.9% 1.4% 0.5%
80 8.0% 0.9% 2.9% 0.7%

Figure 2 shows the incidence patterns for different fracture
sites by age and gender. For some sites (Figure 2a), incidence
rose steeply with advancing age (femur/hip, vertebra, humerus,
pelvis, rib, clavicle, scapula, radius/ulna). For most of these sites,
fracture incidence was greater among women than men, above
the age of 50 years. At al of these sites, which are characterized
by relatively large proportions of trabecular bone, incidence rates
for fracture tended to plateau, or even decline dlightly, among the
oldest age categories (85" years). Sexua dimorphism was most
apparent for fractures of the radius/ulna, where rates increased
steeply with advancing age among women, but showed no such
tendency among men. In the second group of fractures (Figure
2b), there was amore heterogeneous pattern of fracture incidence
with advancing age. At some sites, for example, the carpus,
incidence was greatest among young men, and did not increase
appreciably with advancing age among men or women. At other
sites, for example, the skull, patella, tibia/fibula, ankle, and foot,
fracture incidence rates appeared to decline, or remain steady,
with advancing age among men; rates among women at these
sites showed variable patterns of age-related change.

Table 2 summarizes the estimated lifetime and 10 year risks
of fracture among men and women at various ages. These
estimates have been provided for any fracture site, for fractures
of the radius/ulna, of the femur/hip, and of the vertebral body. At
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age 50 years, the remaining lifetime risk of a fracture at any site
is 53.2% among women and 20.7% among men. These fal to
28.6% at age 80 years among women, and 9.6% at the same age
among men. Site-specific lifetime risks at age 50 years were as
follows: women, radius/ulna 16.6%, femur/hip 11.4%, and ver-
tebral body 3.1%; men, radius/ulna 2.9%, femur/hip 3.1%, and
vertebral body 1.2%. Table 2 also shows 10 year risks of fracture
at various ages among men and women. For fractures at any site
among women, the 10 year risk increased from 9.8% at age 50
years to 21.7% at age 80 years. Among men, 10 year risk
remained fairly stable with advancing age (7.1% at age 50 years
and 8.0% at age 80 years). The incidence patterns of fractures at
the radius/ulna, femur/hip, and vertebral body were reflected in
the changing 10 year risks with advancing age. These were most
stable for fractures of the radius/ulna, but rose steeply for
fractures of the femur/hip and vertebral body.

Table 3 describes the observed and expected survival follow-
ing fracture among men and women aged =65 years. For
fractures of the femur/hip and vertebral body, there was clear
(p < 0.05) evidence of excess mortality up to 5 years following
fracture for both genders. Fractures of the radius/ulna were only
associated with slight excess mortality among men.

Discussion

This study has reported age- and gender-specific fracture inci-
dence rates for adults in England and Wales using a large,
well-validated, national cohort study. We have shown that frac-
tures were dlightly more common in women than men and that
while some fractures became much more common in later life
(pelvigifemur/hip) others were common in young adulthood
(carpus, skull). Sexua dimorphism was apparent in fractures of
the radiug/ulna. In addition, whereas fractures of the femur/hip
and vertebra were associated with excess mortality up to 5 years
in both genders, fractures of the radius/ulna were associated with
dlight excess mortality in men only.

Although only 6% of the total registered population of En-
gland and Wales is represented on the database, several indepen-
dent validation studies have shown that the GPRD database has
a high level of completeness and validity.? It is also broadly
similar to the country as a whole in age and gender structure.
Whereas ascertainment of vertebral fracture might be incomplete
in this cohort, due to the low proportion of such deformities
reaching clinical attention, previous studies have reported a high
level of validity with respect to other fractures.?®

Previous studies have attempted to describe age- and gender-
specific fracture incidence rates in Britain, usually by means of
fracture clinic registration systems in well-defined communities
(as shown in Table 4). In one such study based in Leicester-
shire,** the annual incidence of all fractures was 100 per 10,000
py for men and 81 per 10,000 py for women. Fracture incidence

Table 3. Observed and expected survival following a fracture among men and women aged =65 years

Radius/ulna Femur/hip Vertebra
Observed Expected Observed Expected Observed Expected

Women

At 3 months 98.2% 98.6% 85.6% 97.7% 94.3% 98.4%

At 12 months 94.0% 94.4% 74.9% 91.1% 86.5% 93.6%

At 5 years 75.5% 73.8% 41.7% 60.9% 56.5% 69.6%
Men

At 3 months 97.3% 98.0% 77.7% 97.3% 87.8% 97.9%

At 12 months 89.6% 92.4% 63.3% 90.0% 74.3% 91.8%

At 5 years 62.8% 66.4% 32.2% 58.2% 42.1% 64.4%
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Table 4. Comparison of age-specific average annual incidence rates (per 10,000 population) of fractures at all sites in Leicestershire (1980—1982), Dundee (1954-1958), Oxford (1954-1958), Cardiff

(1994), Edinburgh (1992-1993), and England/Wales-GPRD (1988-1998)

Women

Oxford**®

Men

Oxford**®

GPRD

Edinburgh?>2

Cardiff4?

Leicestershire!* Dundee'®

GPRD

Edinburgh?>2

Cardiff4?

Leicestershire!* Dundee'®

Age (years)

54
72
123
163
254
399

46
80
132
210
335
693

95
124
161
219
417
810

32
72
114
125
186
281

@Approximations as derived from graph.
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was higher in men <55 years, but in women thereafter. In
another study based in Edinburgh,?? the same peaks in fracture
incidence were observed: thefirst in young adult men, the second
in elderly patients of both genders, and the third in women >40
years of age (particularly of the wrist). In a Cardiff-based
cohort,* the overall incidence of fracturesin this population was
211 per 10,000 py. Finaly, the classic Oxford—Dundee study
reported incidence rates of fractures of about 100 per 10,000 py
for men and 90 per 10,000 py for women.*15

Our own all-site fracture incidence rates are closer to those
observed in Leicestershire than in Cardiff. It is possible that the
Cardiff study included nonresident cases within their sample, or
that fracture incidence rates are greater in South Wales compared
with the country as awhole. The second of these explanationsis
supported by a previous study of geographic variation in hip
fracture incidence rates.® Alternatively, case ascertainment in our
study may have been less complete, although fracture diagnosis
has been carefully validated in the GPRD.?

The lifetime risks for hip or spine fracture in this cohort were
lower than comparable figures derived from USA populations.t”
There are three possible explanations for these findings: first, that
theincidence rate for hip and spine fractureisindeed lower in the
UK compared with the USA ;11 second, that our ascertainment
of hip and spine fractures was inadequate; and third, that our
calculation of lifetime risk was an underestimate. It has been
shown that estimates of lifetime risk of osteoporotic fracture are
significantly affected by assumptions about mortality ratesin the
country of study,*® and our use of 1992 mortality data may have
contributed to alower-than-expected lifetime fracturerisk. Using
1998 USA mortality data, the lifetime risk for a femur/hip
fracture was 12.4% for a 50-year-old woman and 3.8% for a
50-year-old man.

Numerous previous studies have suggested that fracture inci-
dence in the community is bimodal, with peaks in youth and in
the very elderly.® In young people, fractures of the long bones
predominate, usually after substantial trauma (e.g., road traffic
accidents), and occur more frequently in men than women.
However, at >35 years of age, overall fracture incidence in
women climbs steeply as bone density falls, with many fractures
(e.g., the hip and distal forearm) occurring twice as commonly in
women as in men. Sexua dimorphism is particularly apparent in
the incidence of distal forearm fracture; whereas recent studies?®
have suggested that the age-adjusted incidence of forearm frac-
tures in women increases progressively after the perimenopausal
period, incidence rates in men are much lower and more constant
until later life (>75 years). The relation of many fractures to
significant traumain our study isreflected in high incidence rates
at young ages in men (skull, carpus, foot, tibia). We found that
the incidence rates of many fractures appeared to stabilize, or
even fall, in extreme old age; this may reflect the influence of one
or morerisk factorsfor osteoporosis or falls, asurvival advantage
in the extreme elderly, or a cohort effect.

Several studies have demonstrated excess mortality in asso-
ciation with hip or vertebral fracture.357-10.12.13 Hip fractures are
associated with an overall reduction in survival of 10%—-20%,
with the majority of deaths occurring within the first 6 months of
the fracture; they may be attributed to acute fracture complica-
tions or to surgical management. In Dubbo, Austrdia, age-
standardized mortality ratios were 2.18 for proximal femur in
women and 3.17 in men,® whereas, in the Study of Osteoporotic
Fractures,® women with fractures of the hip or pelvis had a
2.4-fold increase in mortality. One Canadian study'® attempted
to evaluate factors associated with poor outcome, and reported
that cognitive impairment, older age, and male gender were all
adverse prognostic indicators. Our data confirm a similar excess
mortality (20%) in patients with clinically diagnosed vertebral
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fracture; this association has been reported in severa previous
studies, including the Rochester Epidemiology Project,” the Eu-
ropean Prospective Osteoporosis Study,® and the vertebral frac-
ture arm of the Fracture Intervention Trial .12 There appears to be
a progressive divergence in observed and expected mortality
rates with time, which is thought to reflect comorbidity rather
than complications of the fracture, per se. By contrast, no excess
mortality is observed with distal forearm fracture, perhaps re-
flecting afitter, more active, underlying population. Our findings
are similar to those of the Rochester Epidemiology Project” and
the Study of Osteoporotic Fractures.® Both studies reported that
there were no differences in observed and expected survival after
the wrist fracture.

Incidence rates of fracture in this study were based on the
occurrence of afirst fracture at any site during follow-up. Repeat
fracture at the same or opposite skeletal site was not included in
the calculation of rates. The reason for this was that the medical
records of GPRD might have contained replicate information
about the same event; however, this approach may have resulted
in an underestimate of the true incidence rate. Another limitation
of this study concerns the limited information on the precise
location of a fracture. This was due to the use of nonspecific
fracture codes such as “femur fracture” for some patients. Re-
view of the free-text information in the medical records indicates
that >90% of fractures recorded as femur fractures were proxi-
mal femur fractures. Finaly, the etiology of the fracture was not
aways recorded, so fractures could not be classified according to
the level of associated trauma. Our study only included subjects
aged =20 years; the epidemiology of fractures in childhood
warrants further study.

In conclusion, we have reported age- and gender-specific
incidence rates for al clinically diagnosed fractures from a
representative sample of General Practices in England and
Wales. We have shown a marked increase in the incidence of
fractures at many sites with age, and related these clinical events
to increased mortality. The data provide estimates of the public
health impact of fractures that will assist in planning health
services, and estimating national fracture costs.
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