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Abstract

Summary Adjusting for age, sex, and precipitating cause, the
relative risk of death was increased following fractures at most
skeletal sites.

Introduction This study aims to determine long-term survival
following fractures due to any cause at each skeletal site.
Methods In a historical cohort study, 2,901 Olmsted County,
MN, USA, residents >35 years old who experienced any
fracture in 1989-1991 were followed passively for up to
22 years for death from any cause. Standardized mortality
ratios (SMRs) compared observed to expected deaths.
Results During 38,818 person-years of follow-up, 1,420
deaths were observed when 1,191 were expected (SMR,
1.2; 95 % CI, 1.1-1.3). The overall SMR was greatest soon
after fracture, especially among the men, but remained
elevated for over a decade thereafter. Adjusting for age
and sex, relative death rates were greater for pathological
fractures and less for severe trauma fractures compared to
the fractures due to no more than moderate trauma. In the
latter group, long-term mortality was increased following
fractures at many skeletal sites. After further adjustment
for precipitating cause, overall SMRs were elevated not
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only following fractures at the traditional major osteoporotic
sites (i.e., distal forearm, proximal humerus, thoracic/lumbar
vertebrae, and proximal femur) combined (SMR, 1.2; 95 %
CI, 1.1-1.3) but also following all other fracture types com-
bined (SMR 1.2; 95 % CI, 1.1-1.4), excluding the hand and
foot fractures not associated with any increased mortality.
Conclusions The persistence of increased mortality long
after the occurrence of a fracture has generally been attrib-
uted to underlying comorbidity, but this needs to be defined
in much greater detail if specific opportunities are to be
identified for reducing the excess deaths observed.

Keywords Cohort study - Epidemiology - Fractures -
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Introduction

The likelihood of dying following a fracture is not only of
obvious interest to the patient, but it is also important for
assessing the societal burden of osteoporosis, as well as the
potential benefits of osteoporosis prophylaxis. Since mor-
tality is rarely attributed to the fracture on death certificates
[1], most analyses have relied on survival estimates. Indeed,
a large literature shows that survival is significantly im-
paired in the immediate aftermath of a hip fracture, espe-
cially in men, and does not recover over long-term follow-
up [2]. The actual hazard of death at different points in
follow-up is less certain, however, and we found previously
that the relative death rate was no longer elevated compared
to that expected after about 2 years in women and 7 years in
men [3]. By contrast, another early study suggested that
excess deaths following a spine fracture occurred later,
rather than early, and that survival was unimpaired after a
wrist fracture [1]. Despite the fact that most fractures in
older individuals are partially attributable to osteoporosis
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[4], survival following many types of fracture has not been
described in detail, even though fractures at skeletal sites other
than the hip, spine, or wrist account for a substantial portion of
all deaths following fracture [5, 6]. More information on
skeletal site-specific survival would assist in generating
hypotheses about the actual relation of these fractures to any
subsequent deaths. The purpose of this study was to address
this issue in a large cohort of adults residing in a community
where fracture ascertainment is complete, including all fracture
sites and causes, and where long-term follow-up is available.

Methods

The present analysis was based on long-term follow-up of a
large population-based cohort of Olmsted County, MN,
USA, adults with fractures [7]. Such research can be con-
ducted here because medical care is virtually self-contained
within the community, and there are relatively few pro-
viders. Most orthopedic care, for example, is provided by
the Mayo Clinic, which has maintained a common medical
record with its two affiliated hospitals in the community
(Saint Marys and Rochester Methodist) for over 100 years.
The Mayo Clinic dossier-type record thus contains both
inpatient and outpatient data. The diagnoses and surgical
procedures recorded in these records are indexed, including
diagnoses made for outpatients seen in office or clinic con-
sultations, emergency room visits, or nursing home care, as
well as those recorded for hospital inpatients, at autopsy
examination, and on death certificates. Medical records of
the other providers who serve the local population, most
notably the Olmsted Medical Center and its affiliated hos-
pital, are also indexed and retrievable. Thus, details of
almost all of the medical care provided to the residents of
Olmsted County are available for study [8].

This unique medical records linkage system (the Roches-
ter Epidemiology Project) was used to identify all fractures
that occurred among residents >35 years old during the 3-
year period, 1989-1991 [7], centered on the 1990 census of
Olmsted County (a Metropolitan Statistical Area). 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 outpa-
tient) medical records were reviewed for all local residents
with any diagnosis attributable to rubrics 800 through 829 in
the International Classification of Diseases [9]. Of 9,260
potential cases, record review was completed on all but 74
(0.8 %), who had not provided an authorization for review
of their medical records for research [10]. The indexing
system is very redundant, and we searched for fracture
diagnoses made by any provider in any setting (i.e., emer-
gency room, hospital, follow-up outpatient care, and nursing
home) between 1 January 1988 through 31 December 1992,
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thus allowing an extra year on either side in order to identify
all fractures that occurred during the study period. This
same review served to exclude patients attended for com-
plications of fractures that had actually occurred prior to the
study period. Ascertainment of clinically evident fractures is
believed to be complete [7]. All fractures were radiograph-
ically confirmed, but the original X-rays were not available
for review. Thus, the diagnosis of vertebral fracture was
accepted on the basis of a radiologist’s report of compres-
sion or collapse of one more thoracic or lumbar vertebrae.
Fractures were classified according to etiology using infor-
mation about each event that was recorded in the medical
record: those caused by a specific pathological process (e.g.,
metastatic malignancy), those resulting from severe trauma
(e.g., motor vehicle accident or a fall from greater than
standing height), and those due to no more than moderate
trauma (by convention, a fall from standing height or less).
Following additional approval by the Institutional Re-
view Boards of Mayo Clinic and the Olmsted Medical
Center, we used Rochester Epidemiology Project data
resources to passively follow this inception cohort through
their community medical records for all-cause mortality.
The risk of death following fracture was evaluated by
comparing the numbers of deaths observed to the numbers
expected in this cohort during their follow-up, i.e.,
standardized mortality ratios (SMRs). Expected survival
was based on annual Minnesota life tables. Ninety-five
percent confidence intervals (95 % CI) for the SMRs were
calculated assuming the expected rates are fixed and the
observed deaths follow a Poisson distribution. Poisson
regression was used to compare the SMRs over age, sex,
and time following fracture. Adjusted SMRs for each fracture
site were calculated by applying age, sex, and precipitating
cause distribution case weights (based on the overall popula-
tion) to the observed and expected values for each facture site.
Analyses were run using R2.14 (http://www.R-project.org/).

Results

Over the 3-year study period, 1989-1991, 3,665 fractures
were experienced by 2901 Olmsted County residents aged
35 years or older, 98 % of whom were white in accordance
with the racial composition of the community in this age
group (97 % white in 1990). Altogether, 2,362 patients
(80 % of the women and 84 % of the men) experienced a
single fracture during these 3 years, but 402 had two frac-
tures, 90 had three, and 47 had four or more fractures each.
This cohort was subsequently followed for up to 22 years
(38,818 person-years), during which time 1,420 patients
died; these 1,420 deaths exceeded the 1,191 deaths expected
(SMR, 1.2; 95 % CI, 1.1-1.3). Of particular interest is the
timing of these deaths following the incident fracture. This
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is illustrated in Fig. 1, where it is apparent that the risk of
death was highest soon after fracture, especially in the men.
Indeed, the 30-day SMR following the first fracture from
any cause was 8.4 (95 % CI, 5.1-13) among the men
compared to 3.9 (95 % CI, 2.4-6.0) among the women.
Over the full duration of follow-up, however, the relative
death rate was more similar for women and men (p=0.054).
Moreover, adjusting for sex, the overall relative death rate
did not vary significantly by age (p=0.135).

After adjusting for sex and age at the time of fracture, the
risk of death varied by cause of the fracture for those sub-
jects with a documented cause (Fig. 2). Specifically, 68
fractures (2 % of the total) experienced by 30 people were
due to a specific local pathological process (mostly meta-
static prostate cancer, lung cancer, or multiple myeloma in
the men and breast cancer or multiple myeloma in the
women). Compared to expected, the patients with patholog-
ical fractures were at a 14-fold (95 % CI, 9.2-20) increased
risk of death during the first 10 years of follow-up, with a
30-day SMR of 28 (95 % CI, 3.4-102). Due to the small
number of pathological fractures, and the fact that some
skeletal sites were not affected, we did not analyze mortality
patterns for specific types of pathological fractures.

By contrast, the overall risk of death in the first 10 years
was no greater than expected (SMR, 1.0; 95 % CI, 0.9-1.2)
among those whose fractures were due to severe trauma
(Fig. 2). Altogether, 43 % of all fractures resulted from
severe trauma: motor vehicle accidents in 308 (8 % of the
total), falls from greater than standing height in 389 (11 %),
recreational mishaps in 265 (7 %), and occupational and
other injuries in 613 (17 %). Detailed mortality data by
fracture site are shown in Table 1 for the severe trauma
fractures. Generally, the risk of death was greater during
the first year following fracture (»<0.001) compared to later
time periods and, in that early interval, was greater among
the men than the women (p<0.001). Indeed, the 30-day
SMR was 16 (95 % CI, 7.9-28) among the men compared
to 6.4 (95 % CI, 2.3—14) among the women. The relative
death rate was elevated for most fracture types, although
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Fig. 1 Standardized mortality ratio among 2,901 Olmsted County,
MN, USA, women and men, adjusted for age, by time following any
fracture in 1989-1991
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Fig. 2 Standardized mortality ratio among 2,901 Olmsted County,
MN, USA, residents following a fracture in 1989-1991, adjusted for
age and sex, for fractures due to different precipitating events

many SMRs were not statistically significant due to the
relatively small number of deaths within the first year. Most
site-specific SMRs were lower in the 1-5 year period fol-
lowing a severe trauma fracture, and few were statistically
significant despite more deaths being observed in this longer
time interval. None of the fracture site-specific SMRs was
increased beyond 5 years after the fracture.

Since increased mortality following pathological frac-
tures and those due to severe trauma might be expected,
the remainder of the analysis focused on the fractures due to
no more than moderate trauma, where the relative death rate
remained elevated over most of the follow-up period
(Fig. 2). Altogether, 1,876 fractures (51 % of the total) were
attributed to minimal or moderate trauma, including 448
fractures where no specific traumatic event was recognized
(e.g., fractures that occurred in the course of daily activities
and those found incidentally); the latter accounted for the
majority (56 %) of fractures of thoracic/lumbar vertebrae.
Falls from a standing height or less were responsible for
1,428 cases, representing 67 % of upper limb fractures,
57 % of lower limb fractures, and 39 % of fractures overall.
The pattern of deaths following the fractures due to no more
than moderate trauma is delineated in Fig. 3 by fracture type
(note that some skeletal sites were collapsed into larger
groups for this purpose). Thus, adjusting for age, the elevat-
ed risk of death following a moderate trauma vertebral
fracture remained elevated in both women and men through-
out follow-up (Fig. 3a), as did the relative death rate fol-
lowing other fractures of the axial skeleton (Fig. 3b). No
overall increased risk of death was seen following a distal
forearm fracture (Fig. 3c), whereas a greater risk of death
was seen in men compared to women following other frac-
tures of the upper limb (Fig. 3d), excluding hand and finger
fractures. Likewise, relative death rates were greater follow-
ing a hip fracture among the men (Fig. 3¢), but sex-specific
estimates were more comparable following other lower limb
fractures (Fig. 3f), excluding foot and toe fractures.

Detailed data for the specific fractures attributed to mod-
erate trauma are delineated in Table 2. The relative risk of
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Table 1 Relative (observed versus expected) death rate among Olmsted County, MN residents following a fracture due to severe trauma in 1989—
1991, adjusted for age, by skeletal site, sex, and time interval after fracture

<1 year 1-5 years >5 years

Women Men Women Men Women Men
Fracture site n® SMR n® SMR n® SMR n* SMR n*  SMR n®  SMR

95 % CI)° 95 % CI)° (95 % CI)° (95 % CI)° 95 % CI)° (95 % CI)°
Skull/face 2 740927 7 21(83-43) 1 0.7(0.02-4.0) 1 0.7(0.02-3.7) 4 0.6 (0.2-1.6) 10 1.0 (0.5-1.9)
Hands/fingers 2 120244 3 210461 4 07(02-1.7) 6 1.0(04-2.1) 14 09(0.5-14) 24 0.7(0.5-1.1)
Distal forearm 1 09(0.02-52) 1 35(0.1-200 4 09(0.2-22) 0 0(0-2.7) 19 09(0.5-14) o6 0.9 (0.3-2.0)
Proximal humerus 2 3.8 (0.5-14) 0 0 (0-15) 4 15004400 2 28(0.3-10) 8 1.1 (0.5-2.2) 4 2.4 (0.6-6.0)
Other arm 2 47(0.6-17) 4 6.0(.6-15 1 12(0.03-6.6) 3 3.8(0.8-11) 4 1.0 (0.3-24) 2 0.6 (0.1-2.0)
Clavicle/scapula/ 2 4.2 (0.5-15) 5 11(3.5-25) 3 1704500 2 13(0246) 5 0.6 (0.2-1.3) 8 1.0 (0.4-1.9)
sternum

Ribs 2 14(02-52) 4 17(0.544) 11 27448 14 1.7(09-29) 10 0.7(0.3-1.3) 28 1.0(0.6-1.4)
Vertebra 3 200459 2 16(02-56) 6 12(04-26) 8 200838 16 09(0.5-14) 11 0.7(0.3-1.2)
Other spine 1 42(1.1-232) 1 6.8(0.2-38) 0 0(0-31) 1 14(0.04-7.8) 0 0 (0-3.8) 7 2.3 (0.9-4.6)
Pelvis 2 21(02-76) 2 14(.7-50) 6 2308500 2 52(0.6-19) 6 0.8(0.3-1.8) 1 0.5 (0.01-2.9)
Hip 4 47(13-12) 3 53{.1-15 4 12(03-30) 2 140249 15 1.7(0.95238) 4 1.1 (0.3-2.8)
Other leg 5 27(09-63) 3 28(0.6-8.1) 7 1.0(0.4-22) 5 1.1(03-25) 33 09(0.6-1.3) 20 1.1(0.7-1.7)
Feet/toes 3 120235 2 1.1(02-65) 5 05(0.2-1.1) 2 04(0.1-1.4) 40 0.8(0.6-1.1) 22 0.9 (0.6-1.4)
Any severe trauma 15 1.3 (0.8-2.2) 20 2.3(/.4-3.6) 43 1.0(0.7-1.4) 37 1.1 (0.8-1.6) 147 0.9 (0.8-1.04) 126 0.9 (0.7-1.1)

Note that 146 fractures of uncertain cause (experienced by 134 people) were excluded from this analysis

#Number of deaths in the interval

® Standardized mortality ratio (SMR), adjusted for age, and 95 % confidence interval (95 % CI). Statistically significant associations are italicized

death within the first year was greater among men than
women with a moderate trauma fracture (p=0.002), with a
30-day SMR of 5.9 (95 % CI, 2.7-11) among the men
compared to 3.9 (95 % CI, 2.3-6.2) among the women.

However, the male disadvantage declined in the 1-5-year
follow-up period (p=0.040) and disappeared after 5 years
(p=0.271). Moreover, unlike those due to severe trauma,
SMRs remained elevated throughout follow-up for many

A Vertebral B Other Axial C Distal Forearm
20.0 | =——Females 20.0 - =—— Females 2009 __ Females
- o = =Males — =Males — —Males
Q% 5.0- 5.0 5.0
NE N N
Tx204 SO 20+ s — , 204 -
g% 10— D = .m0 fp— 1.0 —-l-:, — g
§%5 054 0.5 o5, \
n \
?E 0.2- 0.2 0.2 7 \
0-1 7 T T T 1 0-1 N T T T 1 0-1 _, T T T - 1
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Time from fracture (years) Time from fracture (years) Time from fracture (years)
D Other Arm E Hip F Other Leg
20.0 {=——Females 20.0 4 ——Females 20.0{=——Females
o) - =Males - =Males = =Males
8% 507 e SN __m T 501
P20 _ __ ==~ 2.0—\‘_’/\‘\ 204 == -
g% 1.0 1.0 1.047 =
- _ i ~
g5 05 0.5 0.5 N
P E 0.2 0.2 0.2 S
0.1 a T T T L} 0.1 7 T T L} L} 0.1 h L} T T 1
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

Time from fracture (years)

Time from fracture (years)

Time from fracture (years)

Fig. 3 Standardized mortality ratio among 2901 Olmsted County, MN, USA, residents following a fracture due to no more than moderate trauma in

1989-1991, adjusted for age, by fracture site, and sex
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Table 2 Relative (observed versus expected) death rate among Olmsted County, MN residents following a fracture due to no more than moderate
trauma in 1989-1991, adjusted for age, by skeletal site, sex and time-interval after fracture

<1 year 1-5 years >5 years

Women Men Women Men Women Men
Fracture site n* SMR n® SMR n®  SMR n® SMR n*  SMR n*  SMR

95 % CI)° (95 % CI)° (95 % CI)° 95 % CI)° 95 % CI)° 95 % CI)°
Skull/face 1 1.6(0.04-88) 5 11(3.7-26) 3 1.2 (0.2-3.5) 3 27(0.6-7.8) 4 0.5(0.1-1.3) 1.6 (0.2-5.8)
Hands/fingers 0 0(0-2.7 1 0.8(0.02-47) 4 0.7(0.2-1.7) 4 12(0.3-3.0)0 27 1.0(0.7-1.5) 1.2 (0.5-2.3)
Distal forearm 5 07(0.2-1.7) 0 0(0-59) 23 0.8(0.5-1.2) 3 1.4(0.3-4.1) 105 1.1(0.9-1.3) 0.6 (0.2-1.4)
Proximal humerus 4 13(04-33) 3 41(08-12) 15 1.3(0.7-2.1) 3 1.1(0.2-32) 36 16(.1-22) 15 3.0(1.7-5.0)
Other arm 4 20(0.6-52) 0 0/(0-6.6) 5 06(0.2-13) 4 160440 25 0.8(0.6-1.2) 2.1(0.8-4.3)
Clavicle/scapula/ 1 1.1(0.03-62) 5 51(.6-12) 7 2.1(0.843) 4 22(0.6-55) 10 2.6(1.2-4.8) 4.9 (1.6-11)
sternum

Ribs 11 1.6(0.8-29) 6 1.7(0.6-3.7) 34 [1.7(.2-24) 16 14(0.8-23) 42 [5(.1-2.0) 33 1.1(0.8-1.6)
Vertebra 23 1.3(0.8-2.0) 14 2.9(1.6-4.8) 99 1.7(1.4-2.00 24 1.7(1.1-2.6) 126 1.2(0.96-1.4) 26 1.0(0.7-1.5)
Other spine 2 18 (2.2-65) 1 48(0.1-27) -  No cases 1 9.2(0.2-51) -  No cases 1 14 (0.4-77)
Pelvis 10 2.0(0.98-3.8) 4 5.1(1.4-13) 24 14(09-21) 3 15(0.3-44) 35 14(095-19) 3 09(0.2-2.7)
Hip 28 1.9(1.2-2.7) 14 55(3.0-93) 60 12(09-1.5) 13 2.0(1.05-3.4) 79 15(.2-1.9) 12 2.9 (1.5-5.0)
Other leg 8 15(0.6-29) 2 08(0.1-2.8) 27 1.5(1.01-2.2) 14 1.9 (1.05-3.2) 57 1.1(09-1.5) 17 1.0(0.6-1.6)
Feet/toes 1 0.7(0.02-38) 1 65(0.2-36) 4 0.6(0.2-1.5 0 0(0-5.0) 23 09(0.6-14) 6 24(09-5.2)
Any moderate trauma 75 1.5 (1.2-1.8) 44 2.7 (2.0-3.6) 223 1.2(1.05-1.4) 77 1.6 (1.2-2.0) 465 1.2 (1.1-1.3) 130 1.3(1.1-1.5)

Note that 146 fractures of uncertain cause (experienced by 134 people) were excluded from this analysis

#Number of deaths in the interval

® Standardized mortality ratio (SMR), adjusted for age, and 95 % confidence interval (95 % CI). Statistically significant associations are italicized

types of fractures. Since moderate trauma fractures were
more common, more deaths were observed and more of
these SMRs were statistically significantly increased.

Even after adjusting for age, sex, and precipitating cause
(i.e., specific pathology, severe trauma, no more than mod-
erate trauma), overall SMRs were elevated for most types of
fractures (Table 3). Indeed, the relative risk of death follow-
ing fractures at the traditional major osteoporotic sites (i.e.,
distal forearm, proximal humerus, vertebra, proximal femur
combined) was the same (SMR, 1.2; 95 % CI, 1.1-1.3) as
that for all other fracture types combined (SMR, 1.2; 95 %
Cl, 1.1-1.4), excluding the hand and foot fractures that were
not associated with any increased mortality.

Discussion

Wide variation by sex, age, and precipitating cause among
fractures at different skeletal sites has made it difficult to
summarize the overall risk of subsequent mortality. In this
population-based study, we were able to adjust for the
underlying increased risk of death with age, for the greater
likelihood of dying following fractures among men com-
pared to women and for the fact that survival was worse
following pathological fractures and better following severe
trauma fractures compared with fractures due to no more

Table 3 Relative (observed versus expected) death rate among
Olmsted County, MN residents following a fracture in 1989-1991,
adjusted for age, sex, and precipitating cause, by skeletal site

Fracture site® n* SMR (95 % CI)°
Skull/face 43 1.2 (0.8-1.6)
Hand/fingers 97 0.8 (0.6-1.03)
Distal forearm 170 0.9 (0.8-1.1)
Proximal humerus 98 1.5(1.1-1.8)
Other arm 63 0.9 (0.6-1.1)
Clavicle/scapula/sternum 60 1.7 (1.2-2.2)
Ribs 222 1.4 (1.2-1.7)
Vertebra 371 1.3 (1.1-1.9)
Other spine 18 2.9(1.3-4.4)
Pelvis 100 1.4 (1.1-1.7)
Hip 243 1.5 (1.3-1.7)
Other leg 201 1.2 (0.98-1.4)
Feet/toes 107 0.8 (0.6-0.96)
Any 1370 1.1(1.1-1.2)

Note that 146 fractures of uncertain cause (experienced by 134 people)
were excluded from this analysis

#Number of deaths

® Standardized mortality ratio (SMR) and 95 % confidence interval
(95 % CI). Statistically significant associations are italicized
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than moderate trauma. The result is an estimated 10 % overall
increase in the relative risk of all-cause mortality following
any fracture among unselected adults in the general popula-
tion. As expected, most of the major osteoporotic fracture sites
were associated with increases in long-term mortality, but the
relative death rate was just as great following all other types of
fracture (excluding hands and feet) combined. The latter ob-
servation suggests that more attention should be paid to po-
tential contributing causes (e.g., secondary osteoporosis) of
these other fractures.

As also expected, the increased mortality was most
evident in the first year following fracture, especially for
fractures attributed to severe trauma where the 30-day
SMR was 10 (95 % CI, 6.0-17). No elevation in overall
mortality was evident in this group beyond the first year
of follow-up. However, 65 % of all excess deaths ob-
served in the cohort as a whole occurred more than a
year following fracture, and these later deaths are less
likely due to the fracture per se. Instead, they have often
been attributed to underlying comorbidity [11]. In the case
of the pathological fractures, the association with comor-
bidity, in this case malignancy, may be an indirect one
where fracture is a manifestation of advanced, metastatic
disease that ultimately proves fatal. By contrast, no com-
parably tidy explanation is evident for the moderate trau-
ma fractures, where the contribution of comorbidity to
pathogenesis may vary by fracture type. This requires in-
depth study in order to identify the particular comorbidity
clusters that are associated with specific fracture events.
Such information might then provide the insights needed
to design targeted interventions to reduce excess deaths.

Our results for hip fractures, specifically, are consistent
with most previous reports insofar as mortality risk was
greater among men than women and was highest in the
year following fracture [2]. Although early deaths have
been attributed to physiological stresses of the injury itself
or to various complications [11], we showed previously
that mortality was not elevated among men with a hip
fracture but no significant comorbidity and increased with
the comorbidity score [12]. In this context, comorbidity
has generally been linked to frailty and an increased risk
of falling, which dominates low bone density with respect
to hip fracture pathogenesis [13]. Such frailty-related
comorbidity presumably accounts for the continued increased
risk of death long after hip fracture [14], and adjustment for
comorbidity eliminated this increase in one study [15]. In our
investigation, the SMR remained elevated for up to 15 years
among the women after adjusting for age, sex, and etiology,
which is consistent with other results [2]. However, the overall
SMR following hip fracture was 1.5, which was not much
greater than that observed for several other types of fractures
(e.g., ribs, pelvis) that have received less attention in the
literature.
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Comorbid conditions have also been implicated in the
elevated death rate following vertebral fracture [11], as
observed in this and most other studies [1, 6, 16-24]. Com-
pared to hip fractures, however, falls are less often the
precipitating event for spine fractures [25]; the distribution
of comorbidities varies correspondingly, with more empha-
sis on metabolic diseases and corticosteroid use that are
commonly associated with low bone density [26]. Although
low bone density itself is independently associated with
reduced survival [27], the presence of a vertebral fracture
further exacerbates the risk of death [28], which may persist
even in the absence of serious comorbid conditions [23].

By contrast, most studies have found no elevated risk of
death following a distal forearm fracture [1, 17, 20, 29, 30],
consistent with our results. This has generally been attribut-
ed to the fact that such fractures often occur among relative-
ly healthy middle-aged individuals who fall while walking
[4]. In a much older population of patients (mean age,
77 years) treated in a hospital system, survival 7 years after
a distal forearm fracture was only 80 % of that expected,
although the increased likelihood of death was confined to
those with significant comorbidities [31].

With respect to the other fracture sites, some studies have
lumped many skeletal sites together and found that overall
survival was impaired [5, 6, 24, 29, 32], as did we in the
present study. However, our more detailed analyses showed
that the increased risk of mortality was most closely associ-
ated with fractures of the axial skeleton (clavicle/scapula/
sternum, ribs, thoracic/lumbar vertebrae, other spine, pelvis),
along with proximal humerus fractures, but not fractures of
the hands/fingers, upper arm (excluding the proximal humer-
us), or the feet/toes. Slight increases in the overall SMR for
skull/face fractures and fractures of the leg (excluding the
hip) were not statistically significant. Others have found
decreased survival following fractures of the proximal hu-
merus [20, 24, 29, 30, 32, 33], ribs [29], pelvis [33, 34], and
sites in the leg excluding the hip [33]. As seen here, no
excess deaths have been observed following fractures of
the foot and ankle [29]. The role that underlying comorbidity
might play in any long-term mortality associated with these
other fractures is unclear.

This investigation had a number of strengths, including the
use of a population-based cohort comprised of all community
residents age 35 years or over who experienced any fracture
(not just osteoporotic fractures) from any cause (not just
moderate trauma) in the 3-year period 1989-1991 [7]. These
unselected subjects were then followed passively from the
time of the first fracture of each type during the study period,
though not necessarily the first-ever lifetime fracture of that
type, for up to 22 years through the medical records linkage
system of the Rochester Epidemiology Project, which pro-
vides access to the records of essentially all providers of
medical care to local residents [8]. Consequently, except for
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fractures which never come to clinical attention (e.g., some
fractures of the vertebrae and ribs), fracture ascertainment
should be complete, and the denominator population is well
characterized. Because of the demographic makeup of the
community, however, there were only a small number of
fractures among nonwhites, and any resulting estimates for
them would be unstable. However, the majority of age-
related fractures in this country occur in the white popula-
tion, and hip fracture incidence rates from this community
are comparable to estimates of hip fracture incidence for
US whites generally [35].

Conclusions

Most of the outcome-related literature has focused on clin-
ical management of fractures, where short-term morbidity
and case fatality are the primary endpoints. This study, as
expected, also found increased mortality in the year follow-
ing most types of fracture, especially those due to severe
trauma. However, the customary emphasis on immediate
outcomes of fracture care is called into question by the fact
that the majority of the excess deaths occurred after the first
year. Indeed, the relative risk of death remained elevated
long after many of the fractures that were attributed to no
more than moderate trauma. Although it is generally as-
sumed that these late deaths are related to underlying comor-
bidity of some sort, this needs to be tested more explicitly. In
order to design possible interventions to improve survival, it
is important to identify the specific comorbid conditions that
relate to the different types of fracture and also to test
whether these conditions vary by age or sex.
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