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Abstract
To assess recent trends in fracture incidence from all causes at all skeletal sites, we used the
comprehensive (inpatient and outpatient) data resources of the Rochester Epidemiology Project to
estimate rates for Olmsted County, Minnesota, residents in 2009–11, compared to similar data
from 1989–91. During the three-year study period, 2009–11, 3549 residents ≥ 50 years of age
experienced 5244 separate fractures. The age- and sex-adjusted (to the 2010 United States white
population) incidence of any fracture was 2704 per 100,000 person-years (95% CI 2614–2793)
and that for all fractures was 4017 per 100,000 (95% CI 3908–4127). Fracture incidence increased
with age in both sexes, but age-adjusted rates were 49% greater among the women. Overall,
comparably adjusted fracture incidence rates increased by 11% (from 3627 to 4017 per 100,000
person-years; p = 0.008) between 1989–91 and 2009–2011. This was mainly due to a substantial
increase in vertebral fractures (+47% for both sexes combined), which was partially offset by a
decline in hip fractures (−25%) among the women. There was also a 26% reduction in distal
forearm fractures among the women; an increase in distal forearm fractures among men age 50
years and over was not statistically significant. The dramatic increase in vertebral fractures, seen
in both sexes and especially after age 75 years, was attributable in part to incidentally-diagnosed
vertebral fractures. However, the fall in hip fracture incidence, observed in most age-groups,
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continues the steady decline observed among women in this community since 1950. More
generally, these data indicate that the dramatic increases in the incidence of fractures at many
skeletal sites that were observed decades ago have now stabilized.
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Introduction
Age-related fractures are projected to increase nationally from 2.1 million in 2005 to over 3
million fractures in 2025, solely on the basis of growth in the elderly population most at
risk.(1) However, changes in the actual incidence of specific fractures could aggravate or,
instead, ameliorate this trend. For example, there is ample evidence that the incidence of hip
fractures is declining in the United States,(2–6) as it has been in Olmsted County, Minnesota,
since 1950 in women and 1975 in men.(7) Unfortunately, there are no recent data on secular
trends in incidence that include all fracture types and relevant age-groups. Consequently,
estimates of the overall burden of fractures in different populations have often had to rely on
skeletal site-specific incidence rates reported from Olmsted County in 1989–91.(8) These
earlier data are now outdated, especially since fracture risk may have been influenced in the
interim by important intervening events, e.g., the widespread availability of oral
bisphosphonates after 1995,(9) a reduction in the use of estrogen therapy following
publication of the Women’s Health Initiative Trial in 2002,(10) and effects of the ongoing
epidemic of obesity in this country.(11) To provide more current information on fracture
burden in the community, we updated our earlier study to estimate skeletal site-specific and
overall fracture incidence in a population-based descriptive study among Olmsted County
residents ≥50 years of age in 2009–11 and to test for secular trends at each fracture site since
1989–91.

Methods
Study population

Population-based epidemiologic research can be conducted in Olmsted County because
medical care is virtually self-contained within the community, and there are relatively few
providers.(12) Most orthopedic care, for example, is provided by the Mayo Clinic, which has
maintained a common medical record system with its two large hospitals in the community
(Saint Marys and Rochester Methodist) for over 100 years. Mayo Clinic records thus contain
both inpatient and outpatient data. The diagnoses and surgical procedures recorded in these
records are indexed, including the diagnoses made for outpatients seen in office or clinic
consultations, emergency room visits or nursing home care, as well as 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 Medical
Center, are also indexed and retrievable. Thus, the details of almost all of the medical care
provided to the residents of Olmsted County are available for study.(13)

Fracture ascertainment
Using this unique medical records linkage system (the Rochester Epidemiology Project), we
identified all fractures that occurred among Olmsted County residents 50 years old and over
during the 3-year period, 2009–11. Only a minority of fracture patients is hospitalized, but it
was possible in our data system to identify those treated solely on an outpatient basis. The
complete (inpatient and outpatient) community medical records were reviewed by trained
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nurse abstractors for all residents with any diagnosis attributable to rubrics 800 through 829
in the 9th International Classification of Diseases.(14) Of 4422 potential patients, 873 were
excluded either because no fracture was found (445), the fracture occurred before 2009 or
after 2011 (307), the patient was not actually an Olmsted County resident at the time of
fracture (99) or for some other reason (10); only 12 patients had to be excluded because they
had not provided an authorization for review of their medical records for research in
accordance with Minnesota privacy law.(15) All fractures were radiographically confirmed,
but the original X-rays were not reviewed. Thus, the diagnosis of vertebral fracture, whether
symptomatic or not, was accepted on the basis of a radiologist’s report of compression or
collapse of one more thoracic or lumbar vertebrae. The indexing system is very
comprehensive, and we searched for fracture diagnoses made by any provider in any setting
(i.e., emergency room, hospital, follow-up outpatient care, nursing home) from 1 January
2009 through 31 December 2011. Fracture ascertainment is believed to be complete except
for vertebral and rib fractures, some of which are never recognized clinically.(16) Fractures
were classified by etiology according to information about each event that was recorded in
the medical record: those caused by a specific pathological process (e.g., metastatic
malignancy) as determined by the attending physicians, those resulting from severe trauma
(e.g., motor vehicle accidents or falls from greater than standing height) and those due to no
more than moderate trauma (by convention, equivalent to a fall from standing height or
less).

Statistical analysis
In calculating incidence rates, the entire population of Olmsted County age ≥50 years was
considered to be at risk. Denominator age- and sex-specific person-years (p-y) were
estimated from an ongoing enumeration of Olmsted County residents by the Rochester
Epidemiology Project.(17) Incidence rates were summarized by 5-year age categories, but
total incidence rates were calculated using 1-year intervals. To obtain some sense of
variability, it was assumed that, given a fixed number of p-y, the number of fracture cases
follows a Poisson distribution; this allowed for the estimation of standard errors and the
calculation of 95% confidence intervals (95% CI) for the incidence rates. Incidence rates,
including those from 1989–91,(18) were directly age- and/or age- and sex-adjusted to the
population distribution of United States whites in 2010. The standard errors and confidence
intervals for the adjusted rates were based on the same assumption as above. To test the null
hypothesis of no change in fracture incidence between 1989–91 and 2009–11, we used
generalized linear models, assuming a Poisson error structure (19) and correcting for
overdispersion when necessary. Such models fit the natural logarithms of the crude
incidence rate as linear combinations of gender and age. Models were developed separately
for each type of fracture.

Results
Over the 3-year study period, 2009–11, 3549 Olmsted County residents 50 years of age or
older experienced one or more fractures, for an overall age- and sex-adjusted incidence of
2704 per 100,000 p-y (95% CI 2614–2793), or almost 3% of the older population per year.
There were 2345 women and 1204 men, and 97% were white in keeping with the racial
composition of the community in this age-group. The age-adjusted annual incidence among
women was 3199 per 100,000 (95% CI 3068–3330) compared to 2107 per 100,000 (95% CI
1984–2230) among men, for a female:male ratio of age-adjusted incidence rates of 1.5:1.
Altogether, 2508 subjects (70% of the women and 72% of the men) experienced a single
fracture, but 663 of them had two fractures, 225 had three, and 153 had four or more
fractures each. A total of 5244 different fractures were observed during the study period, and
the incidence of fractures, as opposed to unique individuals, was 4017 per 100,000 p-y (95%
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CI 3908–4127). There were 3468 fractures among Olmsted County women compared to
1776 among the men, and the age-adjusted incidence of all fractures was 49% greater among
the women (4698 vs. 3145 per 100,000 p-y). In both sexes, the incidence of all fractures rose
with age, peaking at 15,415 and 9302 per 100,000 p-y for women and men, respectively, in
the age-group 85 years and over.

As delineated in Table 1, 33% of all fractures resulted from severe trauma. This included
motor vehicle accidents in 308, falls from greater than standing height in 586, recreational
mishaps in 228 and occupational and other injuries in 631. The age-adjusted incidence of
fractures due to significant trauma was similar in women and men (1325 per 100,000 p-y;
95% CI 1240–1409 vs. 1305 per 100,000 p-y; 95% CI 1213–1396), as was the incidence of
pathologic fractures (87 per 100,000 p-y; 95% CI 65–109 vs. 90 per 100,000 p-y; 95% CI
65–115). Altogether, 111 fractures (2% of the total) were due to a specific local pathological
process (mostly prostate cancer, lung cancer or multiple myeloma in the men and breast
cancer or multiple myeloma in the women). Of the 3156 fractures attributed to minimal or
moderate trauma, no specific precipitating event was recognized in 1079, i.e., fractures that
occurred in the course of daily activities and those found incidentally; such fractures
accounted for 71% of fractures of the thoracic/lumbar vertebrae. However, the single largest
cause of fracture was a fall from a standing height or less in 2077 patients. The incidence of
fractures due to no more than moderate trauma was much greater among the women than the
men (3287 per 100,000 p-y; 95% CI 3155–3418 vs. 1750 per 100,000 p-y; 95% CI 1633–
1868).

Age- and sex-specific incidence rates for each of the different fracture sites are shown in
Table 2. Age-adjusted fracture rates were significantly greater among women than men at
most fracture sites (i.e., distal forearm, shaft/proximal forearm, shaft/distal humerus,
proximal humerus, thoracic/lumbar vertebrae, pelvis, proximal femur, shaft/distal femur,
patella, tibia/fibula, ankle and feet/toes). At all of these sites except the proximal forearm,
tibia/fibula, ankle and feet, there was a strong age-related increase in incidence among both
sexes; there was also an increase in age-specific rates for shaft/distal femur fractures among
the women but not the men. Age-adjusted rates were significantly greater in men than
women only for fractures of the clavicle/scapula/sternum and ribs.

Comparably age- and sex-adjusted, the overall incidence of fractures in 2009–11 was 11%
greater than in 1989–91 (4017 per 100,000 p-y; 95% CI 3908–4127 vs. 3627 per 100,000 p-
y; 95% CI 3485–3768). However, this was driven by a 47% increase in fractures of the
thoracic/lumbar spine between the two time periods (Table 3). Excluding vertebral fractures,
overall fracture incidence was similar in 2009–11 and 1989–91 in both women (3511 per
100,000 p-y, 95% CI 3374–3648 vs. 3533 per 100,000 p-y; 95% CI 3347–3719) and men
(2232 per 100,000 p-y; 95% CI 2106–2358 vs. 2183 per 100,000 p-y; 95% CI 2005–2361).
At the specific skeletal sites, only increases in cervical spine and vertebral fractures and the
decrease in shaft/distal humerus fractures were statistically significant among the men
(Table 3). Among the women, increases were significant for fractures of the skull/face,
cervical spine, vertebrae, pelvis and feet/toes. Notably, incidence rates for distal forearm and
proximal femur fractures among the women were significantly lower in 2009–11 than in
1989–91.

The decrease in distal forearm fractures among the women between 1989–91 and 2009–11
was seen in the middle age-groups (Fig. 1A), whereas the contrasting increase in men was
confined to the oldest age-groups (Fig. 1B). Conversely, the decline in proximal femur
fractures in women was most evident at the oldest ages (Fig. 2A), with no consistent pattern
among men in the two time periods (Fig. 2B). Increases in the incidence of vertebral
fractures were seen in most older age-groups in both sexes (Fig. 3). In 2009–11, but not in
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1989–91, it was possible to distinguish the vertebral fractures that were found incidentally in
the course of care for an unrelated clinical problem. The incidentally identified fractures did
not increase with age as dramatically as did the remaining vertebral fractures (Fig. 4). By
definition, none of the incidental vertebral fractures was associated with a specific
precipitating event. By contrast, 64% of the other vertebral fractures occurred in the course
of everyday activities, with 16% attributed to severe trauma and 15% to a fall; 4% of them
were pathologic fractures; and the cause could not be determined in 1%.

Discussion
It was not possible in this study to determine the first-ever lifetime incidence of each
specific fracture type. Instead, we estimated the incidence of the fracture events themselves
since this more accurately reflects the impact of fractures on the community.(20) Moreover,
rather than focus solely on the major osteoporotic fractures thought to be more important,
we considered fractures at every skeletal site due to any cause, including pathologic
fractures,(21) since all of them contribute to the societal burden of osteoporosis.(1) Indeed,
fractures at sites other than the hip and spine account for a substantial portion of fracture-
related morbidity and cost.(22) If projected nationally, our overall rates would imply the
occurrence of 3.9 million fractures annually among older individuals in this country.
However, the incidence of fractures in this community has almost always been greater than
similar figures reported from elsewhere. For example, the Olmsted County rates in 1989–91
were substantially higher than detailed population-based incidence data from Leicestershire,
England in 1980–82,(23) and the discrepancy was attributed to underascertainment of
fractures in that setting, especially for fractures of the spine and pelvis.(8) More recently, the
General Practice Research Database was used to estimate fracture incidence in England and
Wales for 1988–98.(24) Where age-groups overlapped (≥55 years), our current rates
appeared to be four times greater, but we counted all fracture events whereas van Staa and
colleagues(24) counted the individuals with any fracture during the study period. Considering
only unique individuals, the annual age- and sex-adjusted incidence of any fracture among
Olmsted County residents in this age-group was 2934 per 100,000 compared to 1250 per
100,000 in the comparably adjusted English data.

Our study confirms widespread reports that the incidence of proximal femur fractures
continues to fall, not only in this country(2–6,25) but worldwide.(26) Indeed, we found that hip
fracture incidence peaked among women in 1950 and among men in 1975 before beginning
a steady decline that continued through 2006, where we estimated that the incidence rates
were falling at a rate of −1.42%/year in women and −0.44%/year in men.(7) These figures
predicted reductions of 28% and 9% in hip fracture incidence between 1989–91 and 2009–
11 among women and men, respectively, which is quite comparable to the 25% reduction
actually observed among the women; rates did not fall further in men between 1989–91 and
2009–11. Although some have attributed this improvement to the introduction of oral
bisphosphonates,(4,5,27) and we did see some evidence of a reduction in hip fracture
recurrence after 1997 in our most recent study,(7) osteoporosis treatment obviously cannot
account for a secular decline in hip fracture incidence that has been underway in women for
60 years. Instead, it has long been presumed that delaying hip fracture onset, i.e., shifting the
age-specific hip fracture incidence curve to the right, would reduce the number of hip
fractures actually observed because of the competing risk of death. The decline in hip
fracture incidence between 1989–91 and 2009–11 was, in fact, accompanied by a shift in the
incidence curve for women to the right, although it has been suggested that this change
might actually increase costs by focusing the hip fracture problem on the oldest-old.(28)

We also observed a reduction in distal forearm fractures among middle-aged women, but
there was an apparent increase in these fractures among men age 50 years and over. In more
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detailed studies, we found a 17% increase in distal forearm fractures in Rochester,
Minnesota between 1945–54 and 1985–94,(29) compared to a doubling in the incidence of
such fractures in Malmö, Sweden between 1953–57 and 1991–92.(30) Since 1989–91,
however, distal forearm fracture rates have declined dramatically in women only to increase
by 39% among Olmsted County men. A large study in Manitoba, Canada, documented a
comparable fall in forearm fracture rates in women (−1.2%/year over 20 years) and a rise
(+0.2%/year over 20 years) in men.(31) The overall distal forearm fracture incidence rates
from Olmsted County in 2009–11 are 18% lower than those from 1989–91,(32) which are
currently used in the revised United States version of the World Health Organization’s
fracture prediction algorithm, FRAX.(33)

We previously observed no increase in the incidence of vertebral fractures between 1950–54
and 1985–89 among Rochester, Minnesota, residents age 35–69 years.(34) Between 1989–91
and 2009–11, however, the apparent incidence of vertebral fractures rose dramatically in
association with a shift in the age-specific incidence curves for both sexes to the left, i.e., an
apparent earlier onset of vertebral fracture over time. This is in accordance with a substantial
rise in emergency department visits for spine fractures in the Netherlands, which was
associated with falls among the oldest-old,(35) but differs remarkably from the observation in
Manitoba that the incidence of vertebral fractures varied hardly at all between 1986 and
2005.(31) An increase in vertebral fractures among middle-aged women in this country was
attributed to reduced estrogen use after 2002,(10) but this is an unlikely explanation for the
increases seen here in men and the oldest women. Moreover, the vertebral fracture incidence
rates from Olmsted County in 1989–91 were already considered high.(32) In this update, as
in those earlier data, we only counted discrete events (i.e., unique vertebrae affected on
different dates), although 25% of the total was accounted for by multiple episodes in the
same patient, perhaps reflecting a “fracture cascade.”(36) All vertebral fractures were
confirmed on radiologists’ reports, albeit 23% of them were found incidentally on X-rays
taken for another purpose. Although radiologist readings for vertebral deformities are
generally considered insensitive rather than non-specific,(37,38) increased attention to
osteoporosis in recent years(39–41) may have resulted in more vertebral deformities being
reported.

With respect to trends in the incidence of other types of fractures, we previously reported
that age-adjusted incidence rates in Olmsted County had increased between 1967–71 and
1989–91 for fractures of the hands/fingers (women only), humerus (men only), patella
(women only), tibia/fibula and feet/toes.(8) With the exception of a further increase in foot
fractures among the women, there was little further change at these sites between 1989–91
and 2009–11. Thus, consistent with other reports, rates have stabilized or declined for
fractures of the proximal and distal humerus(42–44) and ankle.(45) The incidence of shaft/
distal femur fractures also remained unchanged, as reported nationally.(25) About two-thirds
of these were shaft fractures, the same proportion seen in our population generally over the
past two decades.(46) By contrast, there have been quite dramatic increases in fractures of
the skull and face, and especially of the cervical spine, among Olmsted County residents
over the past 20 years. This was observed in other settings as well and attributed to a greater
rate of injurious falls among the elderly.(47–49) Likewise, we found that cervical spine
fractures were much more likely the result of severe trauma than were thoracic/lumbar spine
fractures (44% vs. 12%), and a sharp rise in the incidence of cervical spine fractures was
seen among the oldest-old. An increase in pelvis fractures was also consistent with a
temporal increase in hospitalized pelvic fractures in Australia.(50)

Our study has a number of noteworthy strengths.(17) Except for those which do not come to
clinical attention (e.g., some fractures of the vertebrae and ribs), ascertainment of fractures
should be complete, and the denominator population is well characterized.(17) Moreover, our
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analysis did not require the assumptions inherent in studies based on administrative data,(51)

nor the limitations of self-report.(52) However, the number of fractures observed at some
skeletal sites was relatively small, and those particular incidence estimates were limited as a
result. In addition, given the demographic makeup of the community,(13) there were only
101 nonwhite community residents with a fracture. Combining all nonwhite races, we would
estimate the annual age- and sex-adjusted incidence of any fracture at 1435 per 100,000 in
this group, which is lower than that seen in white residents, but this figure cannot be
considered very reliable. Since 12% of the national expenditure for osteoporotic fractures is
incurred by nonwhite patients,(1) comparable fracture data are urgently required for the very
different groups that comprise that population. However, the majority of age-related
fractures nationally occur in the white population,(1) and Olmsted County rates are
comparable to previous estimates of hip fracture incidence for the United States white
population generally.(7)

These Olmsted County data represent the only recent age- and sex-specific incidence rates
for all fractures for any community in this country. Although some variations were seen in
the incidence of specific types of fractures in 2009–11 as compared to 1989–91, the more
impressive observation is the relatively small change in overall fracture incidence over this
period. This is in stark contrast to the situation only a few decades ago when substantial
increases were being reported in the incidence of fractures at diverse skeletal sites.(53,54)

Although more detailed explanations for the recent secular changes observed for some
specific fractures would be welcomed, there also needs to be a much greater focus on the
underlying societal forces potentially responsible for the broader rise and fall over time in
fracture risk generally.(26) Such “macroscopic” explanations could diverge quite
dramatically from the fracture risk factors that we are accustomed to considering and might
provide a basis for new public health interventions.
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Fig. 1.
Age-specific incidence of all distal forearm fractures among Olmsted County, Minnesota,
women (A) and men (B) ≥ 50 years of age, comparing 2009–11 with comparable data from
1989–91.

Amin et al. Page 11

J Bone Miner Res. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Age-specific incidence of all proximal femur fractures among Olmsted County, Minnesota,
women (A) and men (B) ≥ 50 years of age, comparing 2009–11 with comparable data from
1989–91.
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Fig. 3.
Age-specific incidence of all vertebral fractures among Olmsted County, Minnesota, women
(A) and men (B) ≥ 50 years of age, comparing 2009–11 with comparable data from 1989–91.
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Fig. 4.
Age-specific incidence of all symptomatic versus incidental vertebral fractures among
Olmsted County, Minnesota, women (A) and men (B) ≥ 50 years of age in 2009–11.
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