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ABSTRACT:

Introduction: Limited information is available about the clinical features of Paget’s disease of bone among
unselected patients in the community. We examined morbidity and mortality associated with this condition in
a large inception cohort of Olmsted County, MN, residents with a new diagnosis of Paget’s disease from 1950
through 1994.

Materials and Methods: Survival was estimated using the Kaplan-Meier method. Cox proportional hazards
models were used to assess the impact of various covariates on death.

Results: Paget’s disease of bone was diagnosed in 236 Olmsted County residents (mean age at diagnosis, 69.6
yr; 55% men). The majority were symptomatic at diagnosis (58% ), and the proportion with symptoms did not
change from the prescreening era (1950 to June 1974) to the postscreening era (July 1974-1994). Most patients
had polyostotic disease (72%), and the pelvis (67%), vertebra (41%), and femur (31%) were the most
common sites of involvement. Skeletal complications attributable to Paget’s disease included bowing defor-
mities (7.6%), fracture of pagetic bone (9.7%), and osteosarcoma (0.4% ). Osteoarthritis was observed in 73%
of patients, and 11% had a hip or knee replacement. Nonskeletal complications related to Paget’s disease
included cranial nerve (0.4%), peripheral nerve (1.7%), and nerve root (3.8%) compression, basilar invagi-
nation (2.1%), hypercalcemia (5.2%), and congestive heart failure (3.0%). Hearing loss, noted in 61%, was
significantly higher than previously reported.

Conclusions: Compared with white Minnesota residents, overall survival was slightly better than expected
(p = 0.010). No clinical risk factors were identified that were associated with an increased risk of death.
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INTRODUCTION

AGET’S DISEASE OF bone is a localized bone remodeling

disorder of uncertain etiology."”’ The onset of Paget’s
disease is insidious and generally occurs later in life. Both
men and women are affected, with a slight male prepon-
derance.”" Bone that is remodeled by this pathologic pro-
cess becomes enlarged and mechanically weakened. Pain,
skeletal deformity, and fracture may develop because of
structurally inferior bone, but most patients with Paget’s
disease are discovered because of an increased alkaline
phosphatase level or an incidental X-ray finding and are
asymptomatic. Additional clinical consequences of Paget’s
disease can include secondary arthritis, neurologic com-
pression syndromes, hearing loss, high-output cardiac fail-
ure, and sarcomatous transformation.*'? To date, there
has been only a single study in North America estimating
the complications associated with Paget’s disease, but it did
not directly assess patients’ records, relying instead on di-
agnostic codes from claims records.!?

The authors state that they have no conflicts of interest.

Little information is available on the risk of death in
patients with Paget’s disease of bone. Death related to sar-
comatous transformation in Paget’s disease has been de-
clining, corresponding to a similar decline in the prevalence
and severity of the disease.!" In Britain, data from the
General Practice Research Database suggest that, com-
pared with control subjects, patients with Paget’s disease
had reduced survival.*"'® There is no comparable informa-
tion on mortality associated with Paget’s disease of the
bone from countries outside of Britain. To fill these gaps,
we examined the morbidity and mortality associated with
Paget’s disease among residents of Olmsted County, MN,
where the Rochester Epidemiology Project provides access
to essentially all documented medical history in the com-
munity.?

MATERIALS AND METHODS

Population-based epidemiologic research can be con-
ducted in Olmsted County because medical care is virtually
self-contained within the community, and there are rela-
tively few providers. Most endocrinologic and orthopedic
care, for example, is provided by the Mayo Clinic, which

'Division of Endocrinology, Metabolism and Nutrition, Department of Internal Medicine, College of Medicine, Mayo Clinic, Roch-
ester, Minnesota, USA; 2Division of Biostatistics, College of Medicine, Mayo Clinic, Rochester, Minnesota, USA; *Division of Epide-
miology, Department of Health Sciences Research, College of Medicine, Mayo Clinic, Rochester, Minnesota, USA.
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has maintained a common medical record system with its
two affiliated hospitals (St Marys and Rochester Methodist)
for 100 yr.'® The Mayo Clinic dossier-type record thus
contains both inpatient and outpatient data, and the diag-
noses and surgical procedures recorded in these records are
indexed. The index includes the diagnoses for outpatients
seen in office or clinic consultations, emergency room visits,
or nursing home care, as well as the diagnoses recorded for
hospital inpatients, at autopsy examination, or on death
certificates. Medical records of the other providers who
serve the local population, most notably the Olmsted Medi-
cal Center with its affiliated hospital, are also indexed and
retrievable. Thus, details of almost all of the medical care
provided to residents of the County are available for review
in approved studies.!¥

After approval by Mayo’s Institutional Review Board,
we used this unique medical records linkage system (the
Rochester Epidemiology Project) to identify all Olmsted
County residents with a new diagnosis of Paget’s disease of
bone who first came to clinical attention during the period
1950-1994. To accomplish this, we reviewed the complete
(inpatient and outpatient) medical records of every resident
with any of the following diagnoses: Paget’s disease of bone,
osteitis deformans (various skeletal sites), osteoporosis cir-
cumscripta, Schuller’s disease, and osteodystrophy. How-
ever, all qualifying cases were listed under Paget’s disease
of bone or osteitis deformans. Paget’s disease is predomi-
nantly a radiographic diagnosis, and characteristic radio-
graphic and laboratory findings are diagnostic in virtually
all instances. To confirm the diagnosis of Paget’s disease in
the patients listed, a nurse abstractor reviewed the reports
of radiographic procedures and laboratory results. If a ra-
diologist diagnosed Paget’s disease based on the radio-
graphic findings, the diagnosis of Paget’s disease was ac-
cepted. Otherwise, the radiographic findings, clinical
features, and laboratory results were reviewed by an expert
(RDT) to determine eligibility. Because of complete com-
munity coverage and the redundancy of the data system, we
believe that all Olmsted County residents with Paget’s dis-
ease initially diagnosed during the study period were iden-
tified. However, the histories of two potential cases could
not be examined because they had not provided an autho-
rization for review of their medical records for research.

Two patient groups were defined based on introduction
of the automated serum chemistry panel at Mayo in June
1974, which included the measurement of serum alkaline
phosphatase. The “prescreening” era was defined as those
patients recognized from 1950 to June 1974, whereas “post-
screening” patients were those identified in July 1974-1994.
Symptoms at baseline were defined as pain, deformity,
warmth, pathologic fracture, or other symptom attributable
to Paget’s disease. Baseline complications were defined as
any that occurred before or within 6 mo of the initial diag-
nosis of Paget’s disease. Skeletal complications directly at-
tributed to Paget’s disease were defined as osteosarcoma,
bowing, and pathologic fractures. Nonskeletal complica-
tions directly related to Paget’s disease were defined as
cranial nerve compression, basilar invagination, peripheral
nerve compression, nerve root compression, and congestive
heart failure (CHF) attributed to Paget’s disease by the
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attending physicians. Osteoarthritis and auditory manifes-
tations were considered nonspecific and therefore were
analyzed independently. Hip or knee replacement came
from an internal Joint Registry, which incorporates data
from 1970 to the present.

Categorical variables were summarized using frequencies
and percentages. Characteristics in subjects diagnosed in
the prescreening time period (1950 to June 1974) were com-
pared with those diagnosed in the postscreening era (July
1974-1994) using x* and Fisher’s exact tests as appropriate.

Survival was estimated using the Kaplan-Meier method
with expected survival rates based on Minnesota white de-
cennial life tables. Observed and expected survival curves
were compared using the one-sample log-rank test statistic.
Standardized mortality ratios (SMRs) were used to com-
pare the number of cause-specific deaths in our cohort to
the number expected for the Minnesota white population
generally."> 95% ClIs for the SMRs were calculated assum-
ing that the expected rates are fixed, and the observed
events follow a Poisson distribution. Expected numbers
were derived by applying age-, sex-, and calendar year—
specific mortality rates from the general population to the
age-, sex-, and calendar year—specific person-years of fol-
low-up in this cohort, which was updated in 2007.

Cox proportional hazards models, which do not incorpo-
rate the population expected rates, were used to assess the
impact of various covariates on death. Stepwise methods
with forward selection and backward elimination were used
to choose independent variables for the final models. The
dependent variable was time until death, and the indepen-
dent variables were the clinical characteristics. The pagetic
involvement of sites and fracture of pagetic bone were
handled as time-dependent variables. Hip or knee replace-
ment was also handled as a time-dependent variable, but it
only included follow-up from 1970 onward. Relative risk
regression models, using the Minnesota population ex-
pected death rates, were used to assess the impact of vari-
ous covariates on death adjusting for the impact of the ex-
pected survival for each subject. These analyses used
follow-up data obtained with the abstraction of the clinical
variables in 1998.

RESULTS
Clinical features

Over the 45-yr period, 1950-1994, 236 Olmsted County
residents were first diagnosed with Paget’s disease of bone.
All but two were white, consistent with the racial compo-
sition of the community (98% white in 1980). The mean age
at diagnosis was 69.6 yr (median, 70.6 yr; range, 23-95 yr),
and there were more men (55%) than women (45%).
Monostotic disease was noted initially in 155 patients
(66%), of whom 90 were subsequently found to be polyos-
totic. Thus, polyostotic disease was initially present in only
80 patients (34% ) but later documented in 170 (72%). The
status of one patient was unknown. The pelvis was the most
common site of involvement (67%), followed by vertebrae
(41%), femur (31%), skull/face (12%), and tibia/fibula
(7.2%), with rare involvement of other skeletal sites. The
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TABLE 1. SYMPTOMS AND COMPLICATIONS AT BASELINE AMONG OLMSTED COUNTY, MN, RESIDENTS WITH PAGET’S DISEASE OF
BONE FIRST DIAGNOSED IN 1950-1994, BY PRESCREENING (1950 TO JUNE 1974) AND POSTSCREENING (JULY 1974-1994)
TiME PERIODS

1950 to June 1974 (N = 109) July 1974-1994 (N = 127) p
Age at diagnosis (mean + SD) 66.2 + 11.1 72.6 + 123 <0.001
Symptomatic presentation, any [N (%)] 63 (58.9) 71 (57.7) 0.859
Pain [N (%)] 47 (43.9) 48 (40.0) 0.550
Deformity [N (%)] 13 (12.0) 18 (14.6) 0.563
Warmth [N (%)] 4(3.7) 1(0.8) 0.186
Fracture [N (%)] 4(3.7) 2 (1.6) 0.421
Other [N (%)] 17 (15.7) 28 (22.4) 0.199
Skeletal complications [N (%)] 5(4.6) 5(3.9) 0.999
Bowing deformities [N (%)] 4(3.7) 2 (1.6) 0.419
Osteosarcoma [N (%)] 0(0) 0(0) —
Fracture of pagetic bone [N (%)] 1(0.9) 3(2.4) 0.626
Nonskeletal complications [N (%)] 6(5.5) 2 (1.6) 0.149
Cranial nerve compression [N (%)] 0(0) 0 (0) —
Basilar invagination [N (%)] 1(0.9) 0(0) 0.462
Peripheral nerve compression [N (%)] 0(0) 0 (0) —
Nerve root compression [N (%)] 4(3.7) 0 (0) 0.044
CHF attributed to Paget’s disease [NV (%)] 1(0.9) 2(1.6) 0.999
Nonspecific conditions [N (%)]* 63 (64.9) 89 (74.2) 0.140
Osteoarthritis [N (%)] 45 (41.7) 59 (46.8) 0.428
Hip or knee replacement [N (%)] 1(0.9) 5(.9) 0.221
Hearing loss [N (%)]* 10 (11.1) 42 (41.6) <0.001
Tinnitus [N (%)] 6(5.6) 11 (8.8) 0.342
Vertigo [N (%)] 8(74) 25 (20.0) 0.006
Hypercalcemia [N (%)] 1(0.9) 4(32) 0.376
Gout [N (%)] 2(1.9) 6 (4.8) 0.292
Kidney stones [N (%)] 4 (3.7) 11 (8.9) 0.114

* Forty-five patients with unknown date of diagnosis.

majority of patients were symptomatic at diagnosis (58%).
The proportion of symptomatic patients and the distribu-
tion of symptoms were similar in the prescreening and post-
screening periods despite more patients having an alkaline
phosphatase measured within 2 yr of diagnosis in the post-
screening era (95%) compared with the prescreening era
(50%) (Table 1).

Specific complications related to Paget’s disease were
noted in 46 patients (19%). Over the entire period of ob-
servation, skeletal complications occurred in 34 patients
(14%) and included osteosarcoma (1 patient, 0.4%), bow-
ing deformities (18 patients, 7.6%), and 33 pathologic frac-
tures (multiple fractures in some individuals) attributed to
Paget’s disease (23 patients, 9.7%; Table 2). Nonskeletal
complications directly related to Paget’s disease were ob-
served in 22 patients (9.3%) and included cranial nerve
compression (1 patient, 0.4%), basilar invagination (5 pa-
tients, 2.1%), peripheral nerve compression (4 patients,
1.7%), nerve root compression (9 patients, 3.8%), and CHF
attributed to Paget’s disease (7 patients, 3.0%); 69 other
individuals had CHF that was not attributed to Paget’s dis-
ease.

Several nonspecific conditions that have been associated
with Paget’s disease were also observed. Osteoarthritis was
documented in 170 patients (73%), and either hip or knee
replacement was performed in 25 (10.6%). The auditory
manifestations observed included hearing loss (145 pa-
tients, 61%), tinnitus (42 patients, 18%), and vertigo (57

patients, 24%). Other clinical conditions observed in this
cohort included hypercalcemia (12 patients, 5.2%), gout (19
patients, 8.2%), and kidney stones (27 patients, 12%).

Survival

After the diagnosis of Paget’s disease, patients were fol-
lowed for a total of 3408 person-years through 2007 (me-
dian, 13.4 yr). Compared with white Minnesota residents of
similar age and sex distribution, survival was slightly better
than expected (p = 0.010): by 10 yr after the diagnosis of
Paget’s disease, 62% were still alive compared with an ex-
pected 57% (Fig. 1). The men had significantly better sur-
vival, with 59% alive compared with an expected 52% at 10
yr (p = 0.044), whereas the women had a trend toward
better survival with 66% alive compared with an expected
63% at 10 yr (p = 0.111). The most frequent causes of
death in this cohort were diseases of the circulatory system
(45%), neoplasms (19%), and diseases of the respiratory
system (12%), but mortality caused by these conditions
was not increased compared with the general population
(Table 3).

Using the original follow-up through 1998 to match data
abstraction of clinical features, the clinical features of Pag-
et’s disease that were significantly associated with an in-
creased risk of death in a univariate model included age at
diagnosis (hazard ratio [HR] per 10-yr increase, 2.4; 95%
CI, 2.0-2.8), year of diagnosis per 10-yr increase (HR, 1.3;
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TABLE 2. SYMPTOMS AT PRESENTATION AND COMPLICATIONS AT ANY TIME AMONG OLMSTED COUNTY, MN, RESIDENTS WITH
PAGET’S DISEASE OF BONE FIRST DIAGNOSED IN 1950-1994

Men (N = 129) Women (N = 107) Both sexes (N = 236)
Age at diagnosis (mean + SD) 69.5 +11.9 69.8 + 12.6 69.6 + 12.2
Symptomatic presentation [N (%)] 67 (53.2) 67 (64.4) 134 (58.3)
Pain [N (%)] 48 (38.7) 47 (45.6) 95 (41.9)
Deformity [N (%)] 12 (9.4) 19 (18.3) 31(13.4)
Warmth [N (%)] 3(24) 2(1.9) 5(22)
Fracture [N (%)] 3(2.3) 3(2.9) 6 (2.6)
Other [N (%)] 23 (18.0) 22 (21.0) 45 (19.3)
Skeletal complications [N (%)] 14 (10.9) 20 (18.7) 34 (14.4)
Bowing deformities [N (%)] 8(6.2) 10 (9.3) 18 (7.6)
Osteosarcoma [N (%)] 1 (0.8) 0(0.0) 1(0.4)
Fracture of pagetic bone [N (%)] 9(7.0) 14 (13.1) 23 (9.7)
Nonskeletal complications [N (%)] 10 (7.8) 12 (11.2) 22(9.3)
Cranial nerve compression [N (%)] 0 (0.0) 1(0.9) 1(0.4)
Basilar invagination [N (%)] 1(0.8) 4(3.7) 5(2.1)
Peripheral nerve compression [N (%)] 1 (0.8) 3(2.8) 4(1.7)
Nerve root compression [N (%)] 5(3.9) 4(3.7) 9(3.8)
CHEF attributed to Paget’s disease [N (%)] 4(3.1) 3(2.8) 7 (3.0)
Nonspecific conditions [N (%)] 113 (88.3) 97 (91.5) 210 (89.7)
Osteoarthritis [N (%)] 89 (69.5) 81 (76.4) 170 (72.6)
Hip or knee replacement [N (%)] 15 (11.6) 10 (9.3) 25 (10.6)
Hearing loss [N (%)] 79 (61.2) 66 (61.7) 145 (61.4)
Tinnitus [N (%)] 15 (11.8) 27 (25.5) 42 (18.0)
Vertigo [N (%)] 25(19.7) 32 (30.2) 57 (24.5)
Hypercalcemia [N (%)] 3(2.4) 9(8.5) 12 (5.2)
Gout [N (%)] 13 (10.3) 6(5.7) 19 (8.2)
Kidney stones [N (%)] 18 (14.4) 9(85) 27 (11.7)

TABLE 3. SMRS, WITH 95% CIs, BY UNDERLYING CAUSE OF

DEATH,* AMONG OLMSTED COUNTY, MN, RESIDENTS WITH

PAGET’S DISEASE OF BONE FIRST DIAGNOSED IN 1950-1994
COMPARED WITH EXPECTED DEATHS IN WHITE

g\E MINNESOTA RESIDENTS
t_>v Cause of death Observed Expected SMR (95% CI)
e Cardiovascular disease 91 110.5 0.82 (0.66-1.01

]

(2] Cancer 39 38.1 1.02 (0.73-1.40)
Respiratory disease 25 20.9 1.20 (0.77-1.77)
Gastrointestinal disease 5 6.5 0.77 (0.25-1.80)
0 . ; . ; . . All other causes 36 34.8 1.03 (0.73-1.43)
0 5 10 15 20 25 30 All causes 204 210.9 0.97 (0.84-1.11)

Years following diagnosis

FIG. 1. Overall age- and sex-adjusted survival among Olmsted
County, MN, residents first diagnosed with Paget’s disease of
bone in 1950-1994 compared with that expected for Minnesota
white residents of similar age and sex (p = 0.01 for difference
between observed and expected survival).

95% CI, 1.1-1.5), time period of diagnosis July 1974 or after
(HR, 1.5;95% CI 1.1-2.1), and male sex (HR, 1.4; 95% CI,
1.1-2.0; Table 4). However, after adjusting for the expected
survival among those of similar age, sex, and calendar year,
there was no overall impact of these factors on survival.
Symptoms at presentation and hip or knee replacement
were also associated with a lower and higher risk of death,
respectively, in the univariate analysis; once again, after
adjusting for population survival differences, the impact of
symptoms at presentation and joint replacement disap-

* Eight people had an unknown cause of death.

peared. Specific skeletal sites of pagetic involvement in-
cluding the spine, skull, face, pelvis, and femur were not
associated with reduced survival. Likewise, there was no
difference in survival between monostotic and polyostotic
disease, as well as those with normal alkaline phosphatase
levels compared with patients with elevated alkaline phos-
phatase values. Fracture of pagetic bone also did not influ-
ence survival. Many complications, such as nerve root com-
pression, CHF, osteosarcoma, and bowing deformities were
too infrequent to allow assessment of their impact on sur-
vival.

DISCUSSION

Paget’s disease of bone is associated with significant mor-
bidity related to skeletal deformity and fracture.’*”> Only
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TABLE 4. PREDICTORS OF ALL-CAUSE MORTALITY AMONG
OLMSTED COUNTY, MN, RESIDENTS FIRST DIAGNOSED WITH
PAGET’s DISEASE OF BONE IN 1950-1994

Hazard ratio

Variable (95% CI) P

Univariate model
Age at diagnosis per 10-yr

increase 2.36 (1.98-2.82) <0.001
Year of diagnosis per 10-yr

increase 1.28 (1.08-1.51) 0.004
Year of diagnosis, July 1974

or after 1.48 (1.06-2.06) 0.022
Male 1.44 (1.06-1.97) 0.020
AlkPhos high, within 2 years

of diagnosis 1.12 (0.77-1.64) 0.538
Symptoms at presentation 0.69 (0.50-0.94) 0.021
Hearing loss before or within

6 mo after dx 1.44 (0.97-2.12) 0.068
Pagetic involvement of spine 1.33 (0.97-1.81) 0.074
Pagetic involvement of skull 1.31 (0.84-2.06) 0.238
Pagetic involvement of pelvis 1.24 (0.89-1.72) 0.198
Pagetic involvement of femur 1.24 (0.89-1.72) 0.208
Monostotic vs. polyostotic 1.40 (0.98-1.99) 0.063
Hip or knee replacement 1.95 (1.27-3.00) 0.002
Fracture of pagetic bone 1.22 (0.70-2.12) 0.478

Multivariate model

Age at diagnosis per 10-yr

increase 2.50 (2.08-3.02) <0.001
Male 1.68 (1.22-2.30) 0.001

one study, however, has specifically addressed mortality as-
sociated with Paget’s disease. In that study, the British Gen-
eral Practice Research Database identified 2465 patients
diagnosed with Paget’s disease of bone from 1988 to 1999;
retrospective review indicated that 5-yr survival was 67% in
patients with Paget’s disease compared with 72% in control
patients.® In contrast to the findings from van Staa et al.,”’
this first North American study to assess the impact of Pag-
et’s disease on mortality found that survival was not de-
creased among unselected patients in the community, and
in fact, was better than expected, especially among men
with Paget’s disease of bone. We also did not identify an
increased risk of mortality caused by cancer, cardiovascular
disease, pulmonary disease, or gastrointestinal disease in
this cohort.

This discrepant finding might be explained if disease in
our population was less severe than that observed in Brit-
ain. Surveys from Britain and New Zealand have suggested
milder disease in more recent decades,®>'® and over one
half of our cohort presented from July 1974-1994. How-
ever, 58% of our patients were symptomatic, and unexpect-
edly, the introduction of automated serum chemistry panels
in June 1974, which included the measurement of serum
alkaline phosphatase, did not impact the proportion of pa-
tients presenting with symptoms. In addition, if more severe
disease were associated with decreased survival, higher lev-
els of alkaline phosphatase, symptomatic disease, and more
extensive skeletal involvement would be expected to be
associated with an increased risk of death. We did not ob-
serve reduced survival in those with higher alkaline phos-
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phatase levels, symptomatic disease at presentation, or
polyostotic disease. The site of skeletal involvement and
fracture of pagetic bone also did not increase the risk of
death. These findings are consistent with data suggesting
that the relationship between total alkaline phosphatase
levels and quality of life caused by complications is
p00r.(17’]8)

As part of this comprehensive assessment, we were able
to evaluate the complications associated with Paget’s dis-
ease. The extensive medical record system of the Rochester
Epidemiology Project makes Olmsted County one of the
few places in the world where long-term studies of disease
natural history can be performed."® Several important
skeletal complications were observed, including fractures,
bone deformity, and osteosarcoma. Fractures directly at-
tributed to Paget’s disease occurred in 21 patients, and 14%
of all observed fractures (33/240 fractures) were attributed
to Pagetic bone involvement. We previously noted an in-
creased risk of vertebral and rib fractures of nonpagetic
bone, but after excluding fractures through pagetic bone,
there was no increase in the overall subsequent fracture risk
in this cohort.®” The most serious complication associated
with Paget’s disease of bone, osteosarcoma, was seen only
once (0.4%). This is consistent with prior estimates of os-
teosarcoma in <1% of patients with Paget’s disease of
bone.(!) Osteoarthritis associated with bowing deformities
caused by Paget’s disease has important implications for
physical functioning and quality of life"” in addition to
significant economic consequences.'” Skeletal bowing was
observed in 8% of these patients and most frequently in-
volved the femur (6/18) or tibia (10/18), the typical sites
previously described.” Bowing deformity at these weight-
bearing sites can result in gait alteration, which can accel-
erate degeneration of the hip and knee, culminating in hip
or knee arthroplasty.”"** Osteoarthritis was noted in 170
patients, and 25 (11%) had a hip or knee replacement,
which is higher than previously reported.-'®

Several notable nonskeletal complications were also ob-
served including hypercalcemia, gout, neurologic compres-
sion syndromes, and CHF attributed to Paget’s disease. Hy-
percalcemia was noted in 5.2% of the patients in our cohort.
Hypercalcemia has been described in Paget’s disease in two
specific circumstances: concomitant primary hyperparathy-
roidism®" and, rarely, in immobilized patients with exten-
sive Paget’s disease.!*» Of the 12 patients with hypercal-
cemia in our cohort, 10 patients (4.2%; 8 women and 2
men) likely had underlying primary hyperparathyroidism.
One of these patients did have an increase in serum calcium
to 15.6 mg/dl when immobilized for orthopedic surgery re-
lated to her Paget’s disease. Of the two remaining subjects
with hypercalcemia, one had tertiary hyperparathyroidism
caused by longstanding renal disease and the other only had
a single calcium elevation. Gout,®>?* which has also been
associated with Paget’s disease caused by hyperurice-
mia,® was observed in 8.2% of the cohort.

Reports from referral centers indicate that neurological
complications occur in one third of patients with Paget’s
disease, with cranial nerve lesions (21%) and spinal cord/
nerve root (10%) being the most common forms of involve-
ment.””” However, in this cohort, neurological complica-
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tions were much lower than previously described, with only
0.4% of patients developing a cranial nerve compression
and 5.5% with nerve root or peripheral nerve impingement.
All of the patients with nerve root compression presented
in the prescreening time period. Hearing loss caused by
pagetic involvement of the cochlea is another well-
described feature of the disease.®® Hearing loss was ob-
served in nearly two thirds of our cohort, significantly
higher than previous prevalence estimates of 2.4—
13.5%.¢1 The number of patients identified with auditory
disease at presentation increased in the most recent time
period; however, 45 people were missing from this sum-
mary because of an unknown date of hearing loss. The
majority of patients identified with hearing loss did not
have skull imaging (bone scan or plain skull film). Because
of this limitation, we could not confidently attribute hearing
loss directly to Paget’s disease, because hearing loss in this
setting can be caused by presbycusis, Paget’s disease itself,
or a combination of both.”’ In part, this higher prevalence
of hearing loss relative to other studies may reflect more
complete evaluation of cases through direct chart review,
which includes all audiology testing. Hearing loss was ob-
served in 21 of the 29 subjects (72%) with radiographically
documented skull involvement. High-output CHF has also
been associated with Paget’s disease when there is extensive
skeletal involvement. In our cohort, CHF attributed to Pag-
et’s disease was noted in 3% of patients, which is similar to
previous estimates.)

There are several limitations of this study. Our study
population is relatively small and located in a midwestern
community that is disproportionately white and slightly
younger than the U.S. population. However, the sociode-
mographic characteristics of Olmsted County residents are
similar to those of U.S. whites in general.'® In addition,
Paget’s disease has a heterogenous disease expression, and
some cases will be missed even though there is widespread
application of radiographs and biochemical testing in Olm-
sted County. Thus, an estimated 11% of this entire popu-
lation had at least one serum alkaline phosphatase test per-
formed at Mayo in 1990-1994.» However, if Paget’s
disease was ever found, it was likely to have been docu-
mented in our medical records linkage system, which re-
cords the diagnoses made through both inpatient and out-
patient care by essentially all of the providers of medical
care to local residents.”'> We were unable to address the
contribution of a family history of Paget’s disease because
this specific information was often not documented in the
medical record. We also did not evaluate the impact of
treatment of Paget’s disease of bone because few patients in
this cohort were treated with antiresorptive agents. Most
potent bisphosphonates were introduced near the end of
our study, and only 25 patients used them (etidronate di-
sodium in 22 patients and alendronate in 3 patients) at any
time. Similarly, we did not directly assess the relationship of
alkaline phosphatase to disease complications because only
one third of our patients had a documented elevation in
alkaline phosphatase within 30 days of diagnosis. This may
be because of discovery of Paget’s disease radiologically in
patients with quiescent disease, as well as less frequent
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measurement of serum alkaline phosphatase before intro-
duction into our automated serum chemistry panel in July
1974.

In summary, in contrast to other studies, Paget’s disease
of bone was not associated with a reduction in overall sur-
vival in an unselected community population, and no clini-
cal factors were identified that were associated with a re-
duced survival. Specifically, features seen in more severe
disease, such as symptoms at presentation, polyostotic dis-
ease, and higher alkaline phosphatase levels, did not in-
crease the risk of death. The introduction of an automated
chemistry panel increased serum alkaline phosphatase test-
ing but did not significantly alter the clinical presentation of
Paget’s disease. Complications that were observed more
frequently than previously described included hearing loss,
osteoarthritis, and joint replacement, whereas neurological
complications were less frequent than prior estimates. Al-
though Paget’s disease does not seem to compromise sur-
vival, it does have significant clinical sequela that impact
quality of life and health care cost. If these data are con-
firmed, it will be important to identify specific treatment
strategies that may prevent these complications in the fu-
ture.
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