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ABSTRACT

This study used a large, primary care, record-linkage resource (the General Practice Research Database
[GPRD]) to evaluate the incidence, clinical presentation, and natural history of Paget’s disease of bone in
England and Wales. Between 1988 and 1999, we identified 2465 patients with the recorded diagnosis of Paget’s
disease of bone, within the five million subjects >18 years old who were registered in the GPRD. The validity
of diagnostic recording was assessed by questionnaire to individual general practitioners (GPs) in 150 patients;
the diagnosis was confirmed in 93.8% of responders. The mean age of patients with Paget’s disease was 75
years and 51% were men. The prevalence of the disorder was 0.3% among men and women aged >55 years;
incidence rates for clinically diagnosed Paget’s disease rose steeply with age (men, 5 per 10,000 person-years;
women, 3 per 10,000 person-years at the age of 75 years). Over the 11-year period of the study, the age- and
sex-adjusted incidence rate of clinically diagnosed Paget’s disease declined from 1.1 per 10,000 person-years
to 0.7 per 10,000 person-years. Each patient with Paget’s disease was matched to three controls matched by
age, gender, and general practice. Cases had a greater risk of back pain (relative risk [RR], 2.1; 95% CI,
1.9–2.3), osteoarthritis (OA; RR, 1.7; 95% CI, 1.5–1.9), hip arthroplasty (RR, 3.1; 95% CI, 2.4–4.1), knee
arthroplasty (RR, 1.6; 95% CI, 1.0–2.6), fracture (RR, 1.2; 95% CI, 1.0–1.5), and hearing loss (RR, 1.6; 95%
CI, 1.3–1.9). Seven patients with Paget’s disease developed a malignant bone neoplasm (0.3%). Using life table
methodology, the estimated number of people who died within 5 years of follow-up was 32.7% among the
patients with Paget’s disease and 28.0% among the control patients. (J Bone Miner Res 2002;17:465–471)
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INTRODUCTION

PAGET’S DISEASE of bone (osteitis deformans) is a condi-
tion of unknown etiology characterized by rapid bone

remodeling and the formation of bone that is structurally

abnormal.(1,2) Epidemiological studies undertaken over the
last 30 years have suggested high prevalence rates of radio-
graphic Paget’s disease in Britain, with somewhat lower
rates in Australia, North America, and parts of western
Europe.(3,4) More recent studies in Europe,(5) North Amer-
ica,(6,7) and New Zealand(8) have suggested a decline in the
prevalence of Paget’s disease with an attenuation of clinical
severity at presentation. Although a wide range of clinical
manifestations are reported among patients with Paget’s
disease(1,2,9) including bone pain, fracture, secondary osteo-
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arthritis (OA), hearing loss, and syndromes of neurological
compression, their frequency in population samples of
Paget’s disease and the precise increase in risk of these
outcomes associated with Paget’s disease remain unknown.
The objective of this study was to characterize the inci-
dence, clinical features, and outcome of Paget’s disease of
bone using a large population-based primary care registra-
tion system (the General Practice Research Database
[GPRD]), which includes information on some five million
men and women �18 years old in Britain.

MATERIALS AND METHODS

General practitioners (GPs) play a key role in the health-
care system of the United Kingdom, because they are re-
sponsible for primary healthcare and specialist referrals.
The data for this study were obtained from the GPRD,
which contains the computerized medical records of 683
general practices in the United Kingdom.(10) Approximately
6% of the total registered population of England and Wales
is represented on the database. The data accrued in the
GPRD include demographic information about the patient,
prescription details, clinical events, preventive care pro-
vided, referrals to specialist care, and hospital admissions
and their major outcomes. Clinical data are stored and
retrieved by means of the Oxford Medical Information
Systems (OXMIS) and READ codes for diseases or causes
of morbidity and mortality that are cross-referenced to the
International Classification of Diseases (ICD-9). The data
quality of each entry into GPRD is measured against spe-
cific targets developed by comparisons with external statis-
tics to ensure research standards are met. Several indepen-
dent validation studies have shown that the GPRD has a
high level of completeness and validity.(11,12) The GPRD is
owned by the Department of Health and managed by the
Medicines Control Agency in the United Kingdom.

Study population

A nonconcurrent (retrospective) cohort study was con-
ducted comparing patients with Paget’s disease to control
patients. Permanently registered patients �18 years old who
have Paget’s disease recorded during the period of time
from the enrollment date of their practice in GPRD up to the
end of data collection (July 1999) were selected for the
study population. Patients with Paget’s disease had a code
for Paget’s disease in their medical record. Because the
coding dictionary does not differentiate between Paget’s
disease of bone or breast, the free text information at the
date of diagnosis had to be reviewed and those with mention
of breast or of intraepidermal epithelioma were excluded
from the study. Patients with a record of breast carcinoma or
intraepidermal epithelioma at any time were excluded also.
We attempted to validate the diagnosis of Paget’s disease in
150 patients by sending a questionnaire to their GP, which
provided details about skeletal symptoms, their location,
and the mode of diagnosis.

For each patient with Paget’s disease of bone, 3 matched
control patients were randomly selected. The control pa-
tients were patients without a history of Paget’s disease in

the medical records who were matched by age (within 1
year), gender, and medical practice. If no control patient
was found, the age criterion was expanded consecutively
within 1-year intervals up to a 10-year interval. If there was
no eligible control patient within 10 years of age, an age-
and gender-matched control patient was selected from an-
other practice. About 96% of cases were matched by age
(within 5 years), sex, and practice. The index date of control
patients was that of their matched Paget’s disease patient
(i.e., first record of disease after their enrollment in GPRD).
For control patients who had transferred to another practice
or died before this date, an index date was selected ran-
domly between registration and transfer dates. Each study
patient was followed from the index date until they sus-
tained the outcome event or until the patient’s change of
practice, death, or the end of the study (whichever date
came first).

The outcome events included malignant neoplasm of
bone and articular cartilage (ICD-9: 170), cranial nerve
disorders (350–352), hearing loss (389), OA (715), hip or
knee replacements, and fractures (800–829). The following
symptoms also were analyzed: tinnitus (388.3), back pain
(724.5), and dizziness and giddiness (780.4). Selected car-
diovascular events included hypertensive disease (401–
405), acute myocardial infarction (410), heart failure (428),
and cerebrovascular accident (431–434 and 436). Incidence
rates were calculated by dividing the number of patients
with the outcome event by the total number of person-years
of follow-up. Patients with Paget’s disease were compared
with controls to estimate the excess risk of the outcome
event. We were unable to assess whether fractures occurred
at affected skeletal sites.

The age- and sex-specific incidence rates of Paget’s dis-
ease of bone in the GPRD population were calculated by
dividing the number of new cases by the total person-time in
the GPRD. The total person-time in the GPRD was the sum
of the number of patients registered in the database on July
1st of each calendar year. Incidence rates over calendar time
were estimated also using this number of registered patients.
The presence of a linear trend over calendar time was
examined using Poisson regression. This model included
calendar year, age, and sex. The prevalence of Paget’s
disease of bone in the GPRD population aged �55 years
was estimated with the assumption that the population was
stable with constant incidence and prevalence rates. Under
this steady-state condition, prevalence is equal to the inci-
dence rate divided by the sum of the incidence rate and
mortality (termination) rate.(13)

The mortality of the Paget’s disease and control cohorts was
analyzed using Kaplan-Meier survival techniques. Patients
were followed over time for survival and censored when they
left the practice. Control patients who had transferred to an-
other practice or died before the index date of their matched
Paget’s disease patient were excluded from this analysis.

RESULTS

In total, 2465 patients with Paget’s disease of bone were
included in the study. Figure 1 shows the age- and sex-
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specific incidence of Paget’s disease in the adult GPRD
population. The disorder was more frequent among men at
all ages over 55 years. The incidence increased steeply with
age among both men and women. Incidence was 0.3 cases
per 10,000 person-years among women aged 55–59 years
and 0.5 cases per 10,000 person-years among men of similar
age. At the age of �85 years, this rate had risen to 5.4
among women and 7.6 among men. We estimated the
prevalence of Paget’s disease in the GPRD population using
the incidence and mortality rates observed in our study.
Based on these assumptions, the prevalence of clinically
diagnosed Paget’s disease is 0.3% among men and women
�55 years old. This contrasts with an age- and sex-
standardized prevalence rate of 2.0% in our previous radio-
graphic prevalence survey and suggests that approximately
7% of cases that are radiographically evident come to clin-
ical diagnosis.

The incidence of Paget’s disease of bone in the adult
GPRD population decreased significantly over calendar
time (p � 0.05), as shown in Fig. 2. The incidence was 1.0
cases per 10,000 person-years in 1990 compared with 0.6
cases in 1997. A Poisson regression model with adjustment
for age and sex found a statistically significant linear trend
of a lower incidence of Paget’s disease over calendar time
(6% reduction in the incidence per year). Among the 2465
patients with Paget’s disease, the start of GPRD follow-up
was distributed as follows: 1987, 12 patients (0.5%); 1988,
88 patients (3.6%); 1989, 344 patients (14.0%); 1990, 989
patients (40.1%); 1991, 691 patients (28.0%); 1992, 162
patients (6.6%); 1993, 65 patients (2.6%); 1994, 53 patients

(2.2%); 1995, 26 patients (1.1%); 1996, 15 patients (0.6%),
1997, 8 patients (0.3%); and 1998, 12 patients (0.5%). There
were no differences between regions in the start of data
collection. For the patients with Paget’s disease, the median
year in which data collection commenced was 1990 in all
five regions (southeast, southwest, midlands, east Anglia,
and north). The number of patients registered at the GPRD
practices did not vary by region over the calendar period
covered by the study.

A response to the postal questionnaire was received in
140 of the 150 patients. No further information was avail-
able for 7 patients who had either left the practice or died.
Of the remaining 133 patients, the diagnosis of Paget’s
disease of bone was confirmed in 120 patients (90.2%). Of
the 13 patients without a confirmed diagnosis, 5 patients
were found to have breast carcinoma; these patients were
excluded from the analysis. Furthermore, 2 patients had
suspected Paget’s disease, which was not confirmed after
further examination. Diagnosis of Paget’s disease was made
most often by X-ray (85.0%). Isotope scintigraphy was used
in 17.5% of the patients with a confirmed diagnosis. The
method of diagnosis was unknown to the GP in 12 patients
(10.0%).

Each case with Paget’s disease was matched to three
controls. As expected, the age and sex distribution was
similar between the two groups (Table 1). More than half of
the study patients were men and the average age was 75
years. Use of analgesics in the year before commencement
of follow-up was higher in the Paget’s disease group (an
average of 5.2 prescriptions for analgesics in the Paget’s
disease group and 2.5 prescriptions in the control group).

FIG. 1. Age- and sex-specific incidence rate of Paget’s disease
among five million men and women registered on the GPRD (1988–
1999).

FIG. 2. Decline in age- and sex-standardized incidence rates of
Paget’s disease in GPRD population (1988–1998).
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Bisphosphonates were prescribed to 664 patients with
Paget’s disease (26.9%). During follow-up, calcitonin was
prescribed to 179 patients (7.3%). In the questionnaire study
of 150 GPs, bone pain was the most frequently reported
symptom (66.7%), followed by bone deformity (9.2%), and
swelling (9.2%). The GPs reported that 13.3% of the Paget’s
patients were asymptomatic. The most frequently reported
locations of Paget’s disease were pelvis (47.5%), femur
(25.8%), tibia/fibula (21.7%), and lumbar spine (19.2%).

OA and hip/knee arthroplasty were among the events that
occurred more frequently in the Paget’s disease group (Ta-
ble 2). The relative rate (RR) for hip arthroplasty was 3.1 in
the Paget’s disease group compared with controls. The RRs
for knee arthroplasty and OA were 1.6 and 1.7, respectively.
Patients with Paget’s disease had a 44% increased risk of
hip fracture. Seven patients with Paget’s disease developed
a malignant bone neoplasm during follow-up (incidence
rate, 0.1 per 100 person-years). Five of these cases were
documented as osteosarcomata in the medical records, and
all were fatal. The other two cases of malignant bone
neoplasm were classified as chondrosarcomata.

Table 3 shows the rate of cardiovascular events among
patients with Paget’s disease and controls. Patients with
Paget’s disease experienced higher rates of heart failure

(RR, 1.2). There were no statistically significant differences
between the groups in the rates of ischemic heart disease,
cerebrovascular accident, or hypertension.

A total of 616 patients with Paget’s disease died during
follow-up. Figure 3 shows the survival of Paget’s disease
and control patients over 5 years of follow-up. After 5 years,
32.7% of the Paget’s disease group had died compared with
28.0% of the control group (RR, 1.3; 95% CI, 1.1–1.4).
Restriction of the analysis to cases and controls matched
within 1 year of age did not change results (RR, 1.4; 95%
CI, 1.2–1.5). The three most frequent causes of death during
follow-up in the Paget’s disease group were diseases of the
circulatory system (37.9%), neoplasms (21.8%), and dis-
eases of the respiratory system (20.9%). The RRs of these
three causes of death in the Paget’s disease group compared
with the control group were 1.5 (95% CI, 1.3–1.7), 1.8 (95%
CI, 1.5–2.2), and 1.3 (95% CI, 1.1–1.6), respectively.

DISCUSSION

This population-based study of Paget’s disease suggests
that approximately 0.3% of British men and women who
were �55 years old have clinically diagnosed Paget’s dis-

TABLE 2. FREQUENCY OF SELECTED EVENTS IN PAGET’S DISEASE AND CONTROL GROUPS

Paget’s disease group
(n � 2465)

Control group
(n � 7395)

Crude relative
rate 95% CINo. of cases Rate (%) No. of cases Rate (%)

Back pain 601 10.2 887 4.9 2.1 1.9–2.3
OA 352 5.6 619 3.4 1.7 1.5–1.9
Dizziness/giddiness 322 5.0 678 3.7 1.3 1.2–1.5
Fracture 194 2.8 437 2.3 1.2 1.0–1.5

Femur/hip fracture 71 1.0 137 0.7 1.4 1.1–1.9
Hearing loss 170 2.4 296 1.5 1.6 1.3–1.9
Hip arthroplasty 104 1.5 93 0.5 3.1 2.4–4.1
Knee arthroplasty 25 0.3 43 0.2 1.6 1.0–2.6
Tinnitus 47 0.6 85 0.4 1.5 1.1–2.2
Cranial nerve disorder 17 0.2 39 0.2 1.2 0.7–2.1
Malignant neoplasm bone 7 0.1 0 0 � 5.0–�

TABLE 1. CHARACTERISTICS OF PAGET’S DISEASE AND CONTROL GROUPS

Paget’s disease group
(n � 2465)

Control group
(n � 7395)

Follow-up
Total duration (person-years) 7367 20,079
Mean duration of follow-up per subject (years) 3.0 2.7
Median duration of follow-up per subject (years) 2.5 2.2

Number of women (%) 1213 (49.2%) 3639 (49.2%)
Age (years)

Mean 75.0 74.7
Median 76 75

Use of analgesics 1 year before NSAID, aspirin, and other analgesics
Mean number of prescriptions for analgesics 5.2 2.5

NSAID, nonsteroidal anti-inflammatory drug.
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ease of bone. The incidence rate of Paget’s disease rises
steeply with age among men and women. Patients with
Paget’s disease were at significantly increased risk of back
pain, OA leading to hip and knee arthroplasty, fracture,
hearing loss, and heart failure. Approximately 0.3% of our
sample developed a malignant bone neoplasm over the
follow-up period.

Our study was able to provide estimates of the risk of a
range of complications among patients with clinically diag-
nosed Paget’s disease. The skeletal complications of this
disorder are well known and include fractures, deafness,
OA, and sarcomatous change.(1,2,9) In our study, we found
an excess fracture rate of 0.5 per 100 person-years; this is in
agreement with an incidence of 1.2 fractures through
Pagetic bone per 100 person-years in a population-based
cohort study,(9) a previous analysis of clinical trial data that
suggested a rate of 2.3 fractures per 100 person-years
among patients with Paget’s disease,(14) and a questionnaire

survey that documented a greater frequency of reported
previous fracture among patients (41%) than among con-
trols (33%).(6) Information on deafness among patients with
Paget’s disease is only available from case series in the
literature.(15–17) These suggest that between 13% and 23%
of patients with clinically diagnosed Paget’s disease suffer
from impaired hearing. In our study, 15.9% of the Paget’s
disease cases reported deafness at any time in their medical
record, compared with 10% of the controls. Data also are
scarce on the excessive risk of OA associated with Paget’s
disease. One study has reported that hip OA was more
severe on the affected side than on the contralateral side.(18)

Our estimate of 36.6% for OA among patients with
clinically diagnosed Paget’s disease was lower than the
frequency observed in a published North American
questionnaire-based survey(6); however, the difference in
fracture frequency between patients with Paget’s disease
and controls was similar in the two reports. Because of its
poor prognosis, sarcomatous change of pagetic bone is one
of the most feared complications of Paget’s disease.(19–21)

Reports in the literature have placed the incidence of ma-
lignant bone tumors between 0.7% and 1.0% among pa-
tients with Paget’s disease.

Our study agrees with previous epidemiological investi-
gations, suggesting a steep increase in the frequency of
Paget’s disease of bone with advancing age in both sexes
and greater incidence rates among elderly men than elderly
women.(3–5,7) The Rochester study found an incidence of
clinically symptomatic Paget’s disease of 1.3 per 10,000
person-years among men and 0.7 per 10,000 person-years
among women.(7) The most recent prevalence data from the
Britain were obtained in a radiographic survey that sug-
gested that involvement was apparent in radiographs of
0.3% of men and women aged 55–59 years, rising to 6.9%
of men and 5.8% of women who were �85 years old.(5) The
age- and sex-adjusted prevalence of Paget’s disease in this
survey was 6% in patients who were �75 years old, sug-
gesting that approximately 7% of patients with the disorder
apparent on radiographs reached clinical diagnosis in the
British primary and secondary healthcare system. There are
few data in the literature on the proportion of patients with
radiographic Paget’s disease who developed symptoms. A
synthesis of clinical studies estimated that symptomatic
disease could account for 5% of the total population of
patients with Paget’s disease,(22) a proportion in keeping
with the results of our own study. Extrapolation from our
data to the total population of England and Wales suggests

TABLE 3. FREQUENCY OF CARDIOVASCULAR EVENTS IN PAGET’S DISEASE AND CONTROL GROUPS

Paget’s disease group
(n � 2465)

Control group
(n � 7395)

Crude relative
rate 95% CINo. of cases Rate (%) No. of cases Rate (%)

Heart failure 315 4.6 706 3.7 1.2 1.1–1.4
Hypertensive disease 291 4.4 794 4.4 1.0 0.9–1.2
Acute myocardial infarction 103 1.4 345 1.7 0.8 0.7–1.0
Cerebrovascular accident 154 2.1 421 2.1 1.0 0.8–1.2

FIG. 3. Survival over 5 years after clinical diagnosis among 2465
patients with Paget’s disease and 7395 controls registered in the GPRD.
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that approximately 19,000 men and 21,000 women cur-
rently have symptomatic Paget’s disease in England and
Wales. We also found that the incidence of Paget’s disease
decreased by approximately 35% over an 11-year period of
follow-up. Secular trends in disease are difficult to charac-
terize using primary care registration systems, because
changes in clinical and diagnostic practice may influence
apparent incidence estimates. Because we did not have
lifetime data, we also were unable to exclude the possibility
that the early incidence rates were inflated by prevalent
cases, that is, those known before 1988 but recorded with a
first diagnosis in GPRD after 1988. However, the recording
rules of the GPRD instruct GPs to record the date of original
onset of any chronic or recurrent conditions. Nevertheless,
our findings are consistent with the recently reported British
study that suggested that the prevalence of radiographic
Paget’s disease had decreased by approximately 60% be-
tween 1974 and 1994.(5) This temporal trend may be caused
by a change in the natural history of Paget’s disease, with
less severe disease observed at onset,(22) a possibility sup-
ported by a New Zealand study(8) and by the Rochester
study.(7) However, data from four Spanish centers suggested
an increase in the frequency of clinically diagnosed Paget’s
disease of 54% over a 5-year period.(23) Support for the
declining incidence and severity of the disorder also comes
from mortality studies of Paget’s disease and of malignant
bone tumors.(24)

There are several limitations of this study. First, Paget’s
disease often was coded without specification as to its
anatomical site (bone or breast). We excluded 169 patients
(6.4% of the total number of Paget’s disease cases) on the
basis that their medical record information indicated in-
volvement of the breast. However, when we examined the
relationship of clinically diagnosed Paget’s disease with
various clinical outcomes, the inclusion of these subjects
did not materially alter the results, suggesting that any bias
due to the nonspecific coding of Paget’s disease is likely to
be small. Our validation study of diagnostic coding sug-
gested that the diagnosis primarily had been made based on
radiographic evidence. However, we did not have access to
the radiographs and could not confirm the reproducibility of
this radiographic grading and the precise skeletal location of
the disease. The most likely effect of such misclassification
would be an underestimate of the risk of Paget’s disease,
because of inclusion of any questionable cases. A third
limitation concerns surveillance bias. Patients with Paget’s
disease may have received more frequent medical supervi-
sion because of their disease, possibly leading to a higher
likelihood of diagnosis of the index condition, as well as of
other medical outcomes. This bias is particularly relevant
for conditions that do not require that patients seek medical
attention.

In conclusion, this British population-based study of
Paget’s disease of bone suggests that the incidence rate of
clinically diagnosed cases rises steeply with age among men
and women and is greater among elderly men. Comparison
of the prevalence of clinically diagnosed Paget’s disease
(0.3% among men and women who were �55 years old)
with prevalence estimates of radiographic disease suggests
that approximately 7% of radiographic disease comes to

clinical diagnosis. The study provides comparative data on
the frequency of a broad group of outcomes including
auditory impairment, OA, fracture, and congestive cardiac
failure. Although the incidence rates of clinically diagnosed
Paget’s disease do appear to be declining over calendar time
during the 10 years, our data suggest that 19,000 men and
21,000 women in England and Wales suffer from clinically
diagnosed Paget’s disease, and therapeutic studies of inter-
vention in this group to reduce the incidence of complica-
tions appear to be warranted.
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