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ABSTRACT
Introduction: Fractures are a considerable public health
burden in the United Kingdom but information on their
epidemiology is limited.
Objective: This study aims to estimate the true annual
incidence and lifetime prevalence of fractures in England,
within both the general population and specific groups,
using a self-report methodology.
Methods: A self-report survey of a nationally represen-
tative general population sample of 45 293 individuals in
England, plus a special boost sample of 10 111 drawn
from the ethnic minority population.
Results: The calculated fracture incidence is 3.6 fractures
per 100 people per year. Lifetime fracture prevalence
exceeds 50% in middle-aged men, and 40% in women
over the age of 75 years. Fractures occur with reduced
frequency in the non-white population: this effect is seen
across most black and minority ethnic groups.
Conclusions: This study suggests that fractures in
England may be more common than previously estimated,
with an overall annual fracture incidence of 3.6%. Age-
standardised lifetime fracture prevalence is estimated to
be 38.2%. Fractures are more commonplace in the white
population.

Fractures, mostly arising from injury, are an
important public health burden. The combined
annual health and social care costs of hip fractures
alone were estimated at £726 million in the United
Kingdom in 2000.1

The poverty of basic epidemiological data on the
incidence of fractures and their distribution in the
population in England was identified over 15 years
ago.2 At that time, the ‘gold standard’ with which
most epidemiological studies in the United
Kingdom compared their results was a 1950s
population-based study.3 Improvements in the
quality and availability of information on fractures
since then have been modest. Meanwhile, potential
risk factors for fracture in the population, including
recreational habits, ethnicity and occupation, have
changed.

Typically, a patient with a fracture in England
will first attend a National Health Service emer-
gency department. After diagnosis and initial
management, many will then be referred on to a
fracture clinic for review by a specialist orthopaedic
team.

There are a number of different ways in which
the incidence of fracture in a population can be
estimated from healthcare records. Examination of
Hospital Episode Statistics for 2004/2005 showed
338 941 finished consultant episodes with a
diagnosis of fracture in England, but this includes
only those patients admitted to hospital, or
undergoing an operative procedure. In the United
Kingdom literature, data have also been collected

through the use of fracture clinic,2 emergency
department,4 5 and primary care records.6

There are alternative pathways for a patient
with a fracture, which means that their fracture
would not be ascertained through these points of
contact with the healthcare system. Moreover,
there are a number of potential sources of error in
the data that are collected (Box 1 and Box 2).

Our study aims to provide new information on
the epidemiology of fractures in the whole
country, drawing on self-reporting by a nationally
representative random sample of the general
population, rather than hospital records.
Although this method of ascertainment itself has
limitations,7 it avoids many of the sources of error
inherent in previous studies and is likely to give an
estimate of the frequency of fractures within the
population that is closer to their true incidence.

METHODS

Data sources
The Health Survey for England (HSE) is a series of
annual surveys of the health of people in England,
commissioned by the Department of Health. Each
year, a sample is designed to provide a representa-
tive cross-section of the population of England
living in private households. In some years, the size
of this general population sample is reduced in
order to accommodate a ‘‘boost sample’’ to allow
for focused examination of the health of specific
groups within society. In 2002–2004, the overall
HSE sample size each year was over 18 000
individuals.

Data are collected through face-to-face inter-
views. The detailed methodology used by the HSE
is described in detail elsewhere.8–10 A module on
fractures was included in the HSE for the first time
in 2002. Survey participants for 2002 and 2003, and
those in the general population sample for 2004,
were asked to recall the total number of episodes of
fracture injury sustained in the past 12 months.
When an episode was recalled, participants were
asked to provide detailed information on the
number and types of bones fractured. A maximum
of three separate fracture episodes per participant
have been included. The annual fracture incidence
rate is defined as the number of people per 100
respondents reporting one or more fractures in the
12 months preceding interview.

In addition, informants were also asked whether
they had ever fractured a bone, other than in the
past 12 months. In order to estimate the lifetime
prevalence of fracture, the sum of individuals
reporting one or more fractures in the past
12 months and those who reported fracture other
than in the past 12 months was calculated. Data
have thus been collected on both the annual
incidence and lifetime prevalence of fracture.
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When participants had experienced a fracture in the previous
12 months, they were invited to identify the location of the
fracture with the aid of one or more diagrams of a skeleton. This
categorisation divided fractures into broad groups. Such
categorisation masks the contribution of specific fracture sites
but pools the number of fractures occurring in a given group to
permit meaningful comparison between groups. As some
respondents had broken more than one bone in an episode, or
had experienced multiple fracture episodes during the course of
a year (table 1), the sum of site-specific incidence rates is greater
than the headline incidence rate.

The 2002 HSE sample was stratified to focus upon young
people (aged under 25 years) and the mothers of infants.
Information pertaining to individuals falling outside these two
groups was weighted in order to account for their reduced
representation in the sample. In all years, a maximum of two
children per household were included (selected at random) to
limit the burden placed on households with a larger number of
children. Weighting was then applied to take account of the
underrepresentation of children in such households.8–10

In 2004, the general population sample was reduced in size by
half in order to focus on the health of ethnic minorities. Fewer
questions on fracture were asked of the minority ethnic boost
participants, as the main purpose of the 2004 boost sample was
to assess cardiovascular disease in the ethnic minority popula-
tion. For example, questions on the site of fracture were
omitted, because of time constraints in the interview.

In the HSE, children are defined as 0–15 years and adults as 16
years and over; there is no upper age limit. Details of household
and individual response rates for the general population and
minority ethnic group samples are published in an appendix
(table w1, table w2) available online only. It should be noted
that the ‘‘general population’’ sample was selected to be
nationally representative and therefore includes members of
the whole population of England, regardless of minority ethnic

group. It should not be interpreted as ‘‘the remainder of the
population’’, excluding those from the seven minority ethnic
groups included in the minority ethnic boost. The age
distribution of the HSE 2002–2004 respondents analysed in this
study is compared with the 2001 Census, by sex, in the online
appendix (table w3).

Analyses
The HSE uses a clustered, stratified multistage sample design;
95% confidence intervals (CI) are calculated using the STATA
software package (STATA Corp., College Station, Texas, USA)
to account for this complex design.8–10

Two sets of analyses were conducted. The first established
incidence and lifetime prevalence rates for fracture by age, sex,
social class (current or former manual and non-manual
occupation, defined according to the Registrar General’s
classification) and crude ethnicity (white, including Irish, versus
non-white) for the general population in England. The second
set compared incidence and lifetime prevalence rates for
fractures across seven ethnic groups. The data sources for these
analyses are described in table 1.

Age standardisation facilitated comparison between sub-
groups in the sample. The direct standardisation method was
used, with the 2001 Census population for England as the
reference population.11

RESULTS
Incidence in the general population
The age-standardised annual fracture incidence was 3.6 per 100
people of all ages (95% CI 3.4 to 3.8). The incidence of fractures
was significantly higher in men (4.1 per 100, 95% CI 3.8 to 4.4)

Box 1 Patient pathways that may not be captured by data
drawn from emergency departments and fracture clinics

c Injuries do not result in contact with health services
c Patients admitted to hospital for ongoing management of the

fracture and any concurrent medical problems
c Patients managed directly from primary care
c Patients who die as a result of the trauma in which fractures

are sustained

Box 2 Potential errors with data that are captured
pertaining to fracture epidemiology

c Difficulties matching numerator with denominator (hospital
catchment populations unreliable)

c Underestimation of fracture incidence (for example, a clinical
diagnosis of rib fracture may not be coded as a definite
fracture)

c Overestimation of fracture incidence (old injuries may be
counted as new fractures, for example, old vertebral fractures
in elderly patients presenting with back pain)

c Errors in clinical coding
c Missed clinical diagnoses

Table 1 Number of participants and recent fractures included in the analyses, and the mean age of these participants

Year Group

Sex Mean age (years)
No. respondents
reporting >1
fracture in past
year

No. respondents
experiencing
multiple fracture
episodes in
past year

No. respondents
who broke >1
bone in an
episodeMale Female All Unweighted

Weighted by
interview
weight

2002 General population 8642 9751 18 393 25.6 38.3 710 84 43

2003 General population 8458 10 088 18 546 40.1 40.1 613 42 44

2004 General population 3728 4626 8354 41.1 41.1 308* 21 19

2004 Ethnic minority boost 4748 5363 10 111 29.6 31.4 207 Not collected Not collected

Analysis 1 General population
2002–2004

20 828 24 465 45 293 34.4 39.1 1631* 147 106

Analysis 2 General population
2004 and ethnic
minority boost 2004

8476 9989 18 465 34.8 37.9 514* Not collected Not collected

*A total of 26 of these individuals provided incomplete information on fracture site and are therefore excluded from any site-specific analyses.
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than in women (3.1 per 100, 95% CI 2.8 to 3.4). For males,
fracture incidence increased rapidly with age from 1.8 per 100 in
boys aged zero to four years (95% CI 1.2 to 2.4), to 7.7 per 100 in
men aged 15–24 years (95% CI 6.7 to 8.7), after which it
declined until the age of 85 years and over (fig 1A).

For females, the initial peak in fracture incidence was earlier
(age five to 14 years) and less pronounced (4.0 per 100, 95% CI
3.4 to 4.6). A larger and sustained rise in the incidence of
fracture occurred among women over 55 years, however,
reaching a peak incidence of 7.6 fractures per 100 women
(95% CI 4.0 to 11.3). The peak incidence of fracture in males
and females was thus similar in magnitude but occurred at
different ends of the age spectrum.

Fractures most commonly involved the feet and hands,
followed by the long bones and the trunk. Fractures involving
the skull and other bones in the head were comparatively rare
(fig 2).

The male to female ratio in fracture incidence altered
markedly between those under 55 years and those over 55
years (with a substantial male fracture preponderance being
replaced by a substantial female preponderance; fig 3). This
effect was seen across all fracture categories examined apart
from head fractures, and was most marked in fractures of the
trunk (including vertebral fractures) and long bones (including
hip fractures).

A higher proportion of those aged 16 years and over involved
in manual occupations reported fracturing a bone in the
previous 12 months, 4.0 per 100 (95% CI 3.5 to 4.4) compared
with 3.0 per 100 (95% CI 2.7 to 3.4) among those in the non-
manual group.

Table 2 Annual fracture incidence among men by age and crude ethnicity

Age (years)

Annual fracture incidence per 100 men (95% CI)

White Non-white

Unweighted base size Unweighted base size

0–14 5504 4.9 (4.3 to 5.5) 876 2.8 (1.6 to 4.0)

15–34 4436 6.8 (5.9 to 7.7) 660 3.4 (1.6 to 5.2)

35–54 4177 3.0 (2.3 to 3.6) 367 3.5 (1.2 to 5.8)

55–74 3506 2.6 (1.9 to 3.3) 157 1.6 (0.0 to 4.8)

75+ 1070 2.3 (1.1 to 3.5) 25 0.0 (0.0 to 0.0)

Overall 18 693 4.3 (3.9 to 4.6) 2085 2.8 (1.7 to 3.8)

Figure 1 Annual fracture incidence and lifetime fracture prevalence per
100 people, by age, sex and crude ethnicity, English general population
2002–2004.

Figure 2 Annual fracture incidence by sex and site, English general
population, all ages, 2002–2004.
*Sex difference significant at a 95% confidence level.
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Prevalence in the general population
For people of all ages, age-standardised fracture prevalence was
38.2 per 100 people (95% CI 37.6 to 38.8), and it was higher in
males (44.7 per 100, 95% CI 43.8 to 45.6) than in females (32.0
per 100, 95% CI 31.3 to 32.8). Males had a significantly higher
fracture prevalence than females in every age group except the
over 75s, in which the trend was towards an increased
prevalence in women (fig 1B). Fracture prevalence was higher
in manual than non-manual occupational groups, both in those
aged 16–34 years (47.1 per 100, 95% CI 45.2 to 49.0 versus 40.8
per 100, 95% CI 39.1 to 42.5) and in those aged 35–54 years
(47.8 per 100, 95% CI 45.9 to 49.8 versus 43.5 per 100, 95% CI
41.9 to 45.1).

Fracture rates by ethnicity
In the 2002–2004 general population analysis, non-white males
had a lower incidence of fracture than white males, largely
because of differences among younger males (less than 35 years
old) and older men (over 75 years of age; table 2, fig 1C). Non-
white girls under 15 years of age also had a lower incidence of
fracture than their white counterparts (0.4 per 100, 95% CI 0.0
to 0.9 versus 3.3 per 100, 95% CI 2.8 to 3.9).

The lifetime prevalence of fractures was significantly higher
in the white than the non-white ethnic group (39.3 per 100,
95% CI 38.7 to 40.0 versus 22.0 per 100, 95% CI 19.4 to 24.6).

This was seen across all age groups until the age of 75 years, at
which point this difference lost statistical significance (because
of the small non-white elderly sample size; table 3).

The second analysis, comparing data from the ethnic
minority boost sample of HSE 2004 with data from the general
population sample from the same year, was more revealing.
Among males, age-standardised fracture incidence rates were
significantly lower in all ethnic minority groups examined,
apart from the Irish and Pakistani population. In females, in
whom confidence intervals were generally wider, incidence rates
were significantly lower in black African, Pakistani and
Bangladeshi populations (fig 4A). When age-standardised
fracture prevalence was examined, the results were more
striking. Each ethnic group examined, other than the Irish,
had significantly lower fracture prevalence than the general HSE
2004 sample, in both males and females (fig 4B).

DISCUSSION
Over the past 60 years, a number of studies have aimed to
establish the epidemiology of fractures within a geographically
defined population. The classic study remains that sponsored by
the Medical Research Council in the 1950s, estimating fracture
incidence in Dundee and Oxford.3 Other examples include
analyses of fracture incidence in older adults across Europe and
in an American population, defined by insurance provision.12 13

The epidemiology of specific fracture types within populations
has also been extensively studied. Examples include studies of
foot and ankle fractures among elderly white women and the
epidemiology of hand fractures.14 15 In addition, fracture
epidemiology has been described within populations with
chronic disease, for example, patients with Crohn’s disease.16

The present study is, however, the first to examine the
incidence of fractures at any site, among people of all ages, in
a sample designed to be representative of the general popula-
tion, not just those who have sought medical care. It is known
that minor fractures tend to be excluded from emergency
department surveillance systems,17 whereas this self-report
survey appears to capture them. In addition, this study
estimates the lifetime prevalence of fractures within the
population.

We found a higher overall fracture incidence (individuals
experiencing one or more fractures in the past year) than had
been estimated in previous studies (table 4).

In most of the studies cited, fracture occurrence was equated
with patients with fractures presenting to hospital, typically the
emergency department or fracture clinic. The denominator was
usually taken as the catchment area served by that same
hospital. In some papers, incident fractures were identified by
retrospective analysis of general practitioner (primary care) case
records.6 Each of these methods of fracture identification (case
ascertainment) is likely to underestimate the number of

Table 3 Fracture prevalence by age and crude ethnicity

Age (years)

Fracture prevalence per 100 people (95% CI)

White Non-white

Unweighted base size Unweighted base size

0–14 10 856 14.4 (13.7 to 15.1) 1711 8.1 (6.5 to 9.4)

15–34 9822 44.3 (43.0 to 45.5) 1513 24.1 (21.5 to 26.7)

35–54 9513 46.8 (45.5 to 48.0) 874 26.2 (22.6 to 29.7)

55–74 7741 44.2 (42.8 to 45.6) 315 25.5 (18.8 to 32.2)

75+ 2804 44.4 (42.1 to 46.6) 39 25.7 (1.9 to 49.5)

Overall 40 736 39.3 (38.7 to 40.0) 4452 22.0 (19.4 to 24.6)

Figure 3 Male to female fracture incidence ratios (age-standardised)
by age group and fracture site, English general population, 2002–2004.
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fractures occurring within a population on account of the
factors outlined in Box 1 and Box 2.

Furthermore, a hospital’s catchment population is not a
reliable denominator for descriptive epidemiological study, as
there may be geographical overlap between hospital providers,
changes over time in referral behaviour or seasonal variation in
the size of a population.

The present study, a household survey, avoids most of these
difficulties. Numerator and denominator are established
through a process involving the face-to-face questioning of a
representative sample of individuals living in private house-
holds, randomly selected from the national Postcode Address
File. The location or type of service in which any fracture was
treated is immaterial. It should be noted that residents of

Table 4 Selected United Kingdom studies examining fracture incidence

Author Period Location Setting Age group*

% Annual incidence

Male Female

Knowelden et al 3 1954–1958 Dundee Trauma service Cases over 35 years 1.08 0.95

Knowelden et al 3 1954–1958 Oxford Trauma service Cases over 35 years 0.87 0.90

Van Staa et al 6 1988–1998 England & Wales General practitioner records Cases over 20 years 1.00 1.07

Donaldson et al 2 1980–1982 Leicestershire Fracture clinic and orthopaedic
inpatients

All ages 1.00 0.81

Johansen et al 4 1994–1995 Cardiff Emergency departments All ages 2.35 1.88

Jones et al 5 1999–2000 Wales Emergency departments All ages 1.95 1.51

This study 2002–2004 England Household survey All ages 4.10 3.10

*Comparison between studies is limited by the different age groups included therein.

Figure 4 Age-standardised annual
fracture incidence and lifetime fracture
prevalence ratios by minority ethnic group
compared with the general population, all
ages, 2004. (A) Incidence. (B) Prevalence.
CI, Confidence interval.
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residential and nursing homes, potentially at altered risk of
fracture, are not included in the survey.

There are, however, several features of self-report studies (in
which retrospective data are gathered) that may lead to error
and an overestimation of fracture incidence, including:
c inadvertent extension of the reference period by respondents

(for example a fracture occurring 14 months ago is counted
as being ‘within the past year’)—so-called ‘‘telescoping’’;

c errors in case ascertainment (for example, ‘‘probable’’
fractures may be included in addition to definitive, X-ray-
confirmed, fractures); and

c recall bias (for example, attributing soft tissue injury to
fracture).

It is difficult to know the degree to which errors of case
ascertainment might have erroneously elevated the calculated
incidence rates. In one study examining the incidence of
fractures in a female population with osteoporosis, the impact
of these types of error was small, with 11% of self-reported
fractures being false positives (negative radiographs) and a total
of 20% being impossible to verify.18 Other work, however,
implies that self-report studies might actually underestimate the
incidence of fractures, particularly vertebral fractures. For
example, one study found vertebral fractures in 22.8% of
ambulant elderly women in France, many of whom were
asymptomatic and unaware of their fractures.19 In our study,
fractures are presented as reported by the study population and
it is likely that asymptomatic non-traumatic fractures (notably
vertebral fractures) are underreported.

In addition to the overall fracture incidence rates, data from
this study yield important information about the distribution of
fractures within the population. Many of the findings confirm
the results of other studies:
c the near exponential rise in the number of hip fractures with

age (presented as fig w1 in the online appendix);

c the bimodal distribution of fractures of the radius and ulna
occurring in children and the elderly (presented as fig w1 in
the online appendix);

c the higher incidence of fracture in males from mid-childhood
to early middle age; and

c the marked reversal in the male to female fracture incidence
ratio in older adults and the elderly, likely to represent the
impact of the menopause on bone health and stability.

The differing fracture incidence by social class found in this
study lends weight to the findings of a 2004 analysis examining
fracture incidence in Wales by Townsend deprivation score,5

and an examination of paediatric fractures by deprivation in
Glasgow.20 The first of those studies showed that the increased
rate of fracture in more deprived populations was caused
entirely by a marked excess among young males. The reasons

for the trend seen by occupational group in this study are likely
to be complex. In addition to the increased opportunity for
injury afforded by manual occupations, occupational group, or
social class, also serves as a surrogate marker for behaviour away
from the workplace. Some behaviour traits may be associated
with fractures: participation in sport, motorcycling and other
high-risk activities, and certain patterns of alcohol use. Other
studies have, however, shown no overall variation in the
childhood fracture rate by deprivation, with high-risk sporting
pursuits among the affluent counterbalancing any excess
fractures in deprived communities.21

This study also provides a fresh insight into the relationship
between ethnicity and fractures. Data from the general
population describe significantly lower rates of fracture among
children and young adults from non-white populations. These
differences may be explained by reduced participation in high-
risk activities (such as physical contact and winter sports).22 A
trend towards a reduction in fracture incidence is also apparent
in the older age groups, a feature that could perhaps be
explained by virtue of differences in bone mineral density, or
through increased social support and a reduced tendency to
fall.23 In some Far Eastern populations, hip fracture is relatively
uncommon, putatively on account of improved muscle mass
and distribution (as a result of frequent squatting and floor
sitting) lending additional stability to the hip joint.24 Such
habits, and the apparent health benefit, may be retained after
migration. The magnitude of the effect of ethnicity is made
most powerfully by the separate analysis of data from HSE
2004. Age-standardised fracture prevalence is observed to be
approximately half that seen in the general population in all
ethnic groups examined and across both sexes, with the
exception of the Irish group and black Caribbean males.

Other important information has also been gathered for the
first time on the lifetime prevalence of fractures in the English
population. For example, fracture prevalence continues to
increase for women as they age, as one might expect. For
men, however, there is a significant decline in lifetime
prevalence after a peak prevalence in the 35–54-year-old age
group. Possible explanations for this decline in lifetime
prevalence with age are intriguing:
c perhaps many of the fractures that occur in elderly men

befall individuals who have had previous fractures and spare
those with no such history (as suggested by Van Staa and
colleagues);6

c perhaps there is a ‘‘healthy survivor’’ effect with some of
those men sustaining fractures in their younger years not
surviving to old age;25

c perhaps older men recall previous fractures less accurately,
particularly as they tend to have occurred in childhood or

What is known on this subject

c The public health burden of fractures has been estimated by
assessing the number of patients interacting with formal
healthcare settings

c Reliable estimates of the lifetime fracture prevalence for the
United Kingdom are not available

c Fracture incidence varies by age, occupation and sex, with a
reversal in the male to female ratio between young adults and
older adults

c Reliable comparative data on fracture incidence in non-white
populations are not available

What this study adds

c When obtained by self-reporting in a representative national
community sample, the incidence of fractures is more than
double previous estimates, at 3.6%

c One in two middle-aged men and two in five women aged 75
years had experienced a fracture in their lifetime

c The reversal in the male to female ratio between young adults
and older adults is confirmed, occurring across most fracture
sites, and is likely to reflect postmenopausal bone density loss

c Consistently lower rates of fractures were found in the non-
white population
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early adulthood, requiring an extended period of recollec-
tion; or

c perhaps the behaviour and experience of young and middle-
aged men currently puts them at a genuinely heightened risk
of fractures compared with the cohort that they follow.

CONCLUSIONS
This study demonstrates that the overall incidence of fractures
is likely to be higher than previously thought and reaffirms that
the burden placed on health and social services by fractures is
likely to be important. For the first time, the lifetime prevalence
of fractures in England has been estimated through a self-report
study. In addition, the study maps out the epidemiology of
fractures within the population, revealing or confirming striking
variations by age, sex, social class and ethnicity. In particular,
the data suggest that fractures occur very much less frequently
among the non-white population of England. Understanding
these factors will be important in designing strategies to
minimise the incidence of fractures and thus reduce the burden
that they impose on individuals and society.
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