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Proximal Humeral Fracture as a Risk Factor for
Subsequent Hip Fractures

By Jeremiah Clinton, MD, Amy Franta, MD, Nayak L. Polissar, PhD, Blazej Neradilek, MS, Doug Mounce, MS,
Howard A. Fink, MD, MPH, John T. Schousboe, MD, MS, and Frederick A. Matsen III, MD

Investigation performed at the Department of Orthopaedics, University of Washington, Seattle, Washington

Background: With the aging of the world’s population, the social and economic implications of osteoporotic fractures
are at epidemic proportions. This study was performed to test the hypothesis that a proximal humeral fracture is an
independent risk factor for a subsequent hip fracture and that the risk of the subsequent hip fracture is highest within
the first five years after the humeral fracture.

Methods: Acohort of 8049 older white women with no history of a hip or humeral fracture who were enrolled in the Study of
Osteoporotic Fractures was followed for a mean of 9.8 years. The risk of hip fracture after an incident humeral fracture was
estimated with use of age-adjusted Cox proportional hazards regression analysis with time-varying variables; women
without a humeral fracture were the reference group. Cox regression analysis was used to evaluate the timing between the
proximal humeral and subsequent hip fracture. Risk factors were determined on the basis of a review of the current
literature, and we chose the variables that were most predictive and easily ascertained in a clinical setting.

Results: Three hundred and twenty-one women sustained a proximal humeral fracture, and forty-four of them sustained a
subsequent hip fracture. After adjustment for age and bone mineral density, the hazard ratio for hip fracture for subjects with a
proximal humeral fracture relative to those without a proximal humeral fracture was 1.83 (95% confidence interval = 1.32
to 2.53). After multivariate adjustment, this risk appeared attenuated but was still significant (hazard ratio = 1.57; 95%
confidence interval = 1.12 t0 2.19). The risk of a subsequent hip fracture after a proximal humeral fracture was highest within
one year after the proximal humeral fracture, with a hazard ratio of 5.68 (95% confidence interval = 3.70 to 8.73).
This association between humeral and hip fracture was not significant after the first year, with hazard ratios of 0.87 (95%
confidence interval = 0.48 to 1.59) between one and five years after the humeral fracture and 0.58 (95% confidence
interval = 0.22 to 1.56) after five years.

Conclusions: In this cohort of older white women, a proximal humeral fracture independently increased the risk of a
subsequent hip fracture more than five times in the first year after the humeral fracture but was not associated with a
significant increase in the hip fracture risk in subsequent years.

Level of Evidence: Prognostic Level Il. See Instructions to Authors for a complete description of levels of evidence.

jor health concern and a source of substantial mor-
bidity and mortality around the world. It was estimated
that, in 2006 in the United States, the economic burden asso-
ciated with hip fractures alone might have been in excess of
$20 billion"”. As the world’s population increases and ages, the
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number of hip fractures will continue to grow. In addition to
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social and monetary costs of hip fractures, their prevention is a
pressing concern.
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It is well established that patients who have had a single
fragility fracture are at significantly increased risk of having a
second fracture in the future''*. Proximal humeral fractures
represent a unique subset of osteoporotic fractures; up to 73%
of these fractures occur in women, making them the second
most common upper-extremity fractures'””"”. A proximal hu-
meral fracture also appears to be a risk factor for the subse-
quent occurrence of other incident fractures, including those
at the hip®™®*'. Johnell et al. evaluated the timing of subsequent
fragility fractures after an individual had sustained an incident
fracture of the spine, proximal part of the humerus, or hip.
They found that the risk was highest immediately following
the incident fracture and that the risk decreased with time®.
However, that study was limited by the fact that the authors did
not control for many important risk factors, such as bone
mineral density. Still, these data suggest that a fracture of the
proximal part of the humerus may be predictive of an in-
creased risk of a subsequent hip fracture.

Interestingly, the mechanism of proximal humeral frac-
tures tends to be more similar to that of hip fractures than to
that of any other osteoporotic fracture; i.e., they occur when the
individual is unable to break his or her forward or oblique fall
and therefore lands directly onto the shoulder or hip**. Given
the similar mechanisms of the fractures, it is intuitive that the
timing of a hip fracture would be relatively close to the timing
of a proximal humeral fracture and likely would place the
patient at higher risk for sustaining a subsequent hip fracture.

The purpose of this study was to further evaluate the
relationship between fractures of the proximal part of the
humerus and fractures of the hip in an elderly female patient
population while adjusting for bone mineral density and other
important covariates. We hypothesized that individuals who
sustained a proximal humeral fracture would be at higher risk
for a subsequent hip fracture and that the hip fracture would
tend to occur within five years after the fracture of the prox-
imal part of the humerus.

Materials and Methods
Participants

he Study of Osteoporotic Fractures is a prospective multi-

center cohort study of 9704 women sixty-five years of age
and older who were enrolled from September 1986 to October
1988 in four separate geographic areas of the United States
(Baltimore, Maryland; Minneapolis, Minnesota; Portland, Oregon;
and Monongahela Valley, Pennsylvania). The institutional re-
view boards at the individual study sites approved the study,
and all of the women provided written informed consent.
Women were recruited if they were sixty-five or older, com-
munity dwelling, and able to walk and had not had a bilateral
hip replacement. A complete description of the methods of
patient recruitment as well as of the inclusion and exclusion
criteria have been provided previously”*. The women were
followed prospectively at regular intervals for up to ten years.
The participants returned for seven examinations at approxi-
mately two-year intervals and were contacted by telephone or
postcard every four months to ascertain fracture history; the
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follow-up rate was 99%, and the accuracy of the patients’ self-
report of fractures was 90%”. From 1997 to 1998, a cohort of
black women was added to the study; this cohort was excluded
from the present study because of the low risk of osteoporotic
fractures in these women and the considerably shorter follow-
up time™,

The original cohort of the Study of Osteoporotic Frac-
tures included 9704 women, of whom 1655 (17%) were ex-
cluded from our study because of missing data regarding prior
fracture status or age (116 women), lack of complete follow-
up (269 women dropped out before the second examination
performed for the Study of Osteoporotic Fractures), a history
of a hip or humeral fracture prior to the second examination
(481 women), or missing bone-mineral-density data at the
time of the second examination for the Study of Osteoporotic
Fractures (789 women). The second examination was used as
the baseline for analysis as bone mineral density, an important
risk factor, was measured at that visit but not at the first ex-
amination. A total of 8049 women (83%) were entered into our
present study, and their information was used in the univariate
Cox regression analyses. Fewer than 8049 women were included
in some univariate Cox regression analyses because of missing
values for the predictor variable. A total of 1128 (12%) were
excluded from the final multivariate analysis because of missing
data regarding one or more of the covariates listed below; this
left 6921 women (71%) to be analyzed in the multivariate Cox
regression model (Fig. 1).

Ascertainment of Incident Fractures

The study subjects were asked to notify their local clinical site
after the occurrence of any fracture. Additionally, participants
were contacted every four months by letter or telephone to ask
if a fall or fracture had occurred in the preceding four months.
When fractures were reported, the treating physician was con-
tacted and the anatomic location and circumstances were es-
tablished. Fractures were then confirmed by central review of
the community radiologist’s report or of preoperative radio-
graphs as previously described by Nevitt et al.””. A fracture of the
proximal part of the humerus was defined as one in the prox-
imal one-third of the humerus. For the purposes of our study, a
non-humeral fracture, non-hip was defined as a fracture of the
wrist, pelvis, finger, clavicle, elbow, rib, ankle, hand, face, toe,
foot, heel, leg, knee, or distal part of the femur.

Ascertainment of Variables

Candidate variables for inclusion in the multivariate analyses
were identified from among common risk factors for hip
and humeral fractures reported in prior studies’?***. At the
first examination for the Study of Osteoporotic Fractures,
participants were asked to self-report age, height, and non-
pregnant weight at the age of twenty-five years; parental his-
tory of fractures; physician-diagnosed fractures since the age
of twenty-five; estrogen therapy, currently and in the previous
year; current usage of long-acting benzodiazepines; overall
health status; number of falls within the last year; and number
of hours spent standing or walking each day. Depth perception



505

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 91-A - NUMBER 3 - MARCH 2009

1655

Women Excluded

Prior to Analysis

481 |

' Women Excluded for ||
| a History of Previous Hip ‘
|

or Humerus Fracture

116
| Women Excluded for
| Incomplete Data

Women Dropped out of

for Missing BMD
data at SOF Exam2

PROXIMAL HUMERAL FRACTURE AS A RISK FACTOR FOR
SUBSEQUENT HiP FRACTURES

9704
Women Enrolled
In SOF original Cohort

|
|
- 269

Study prior to
SOF Exam 2

789
Excluded

8049*
Women Included
in Univariate Analyses

1128

Women Excluded
Prior to Multivariate Analyses
for Missing Covariate Data

Fig. 1

6921
Women Included
in Multivariate Analyses

Flow diagram demonstrating the number of subjects excluded from analysis and the time points at which

they were excluded. *A maximum of 8049 women were included in the univariate analysis, but not all
subjects had complete data sets for evaluation. The patients with missing data were excluded from the
individual univariate analysis of the variable(s) for which data were missing, but they were included in all

analyses ofthe available variables. The numberofwomenincludedinthe individual analyses ranged from
6153 to 8049. SOF = Study of Osteoporotic Fractures, and BMD = bone mineral density.

was assessed with use of the Howard-Dolman device and
scored as the standard deviation, in centimeters, of four trials™.
At the second examination for the Study of Osteoporotic
Fractures, hip bone mineral density was measured with use
of dual x-ray absorptiometry (QDR-1000; Hologic, Waltham,
Massachusetts). Current height (as measured with a stadio-
meter) and weight and the ability to rise from a chair without using
the arms were documented during the physical examination.
For the purposes of our study, the second examination was
considered to be the baseline examination for analysis and all
covariates that were available at multiple time points, including
health status as self-rated on a scale of 1 (excellent) to 5 (very
poor), use of the arms to rise from a chair, walking for exercise,
number of hours standing or walking each day, visual depth
perception, weight gain since the age of twenty-five years, total

hip bone mineral density, estrogen use, and history of falls within
the last year. This was done in order to include bone mineral
density, which was not measured until the second examination.
All patients who sustained a fracture of the hip or proximal part
of the humerus between the first and second examinations were
excluded from the analysis. An average of 2.04 years elapsed
between the first and second examinations. Information about
the use of long-acting benzodiazepines, height at the age of
twenty-five, and maternal history of hip fracture (after the age of
fifty) was collected only at the first examination, and this in-
formation was used for the patients included in our study.

Statistical Analysis
Cox proportional hazards models were used to quantify the
association between incident humeral fracture and the risk of
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subsequent hip fracture. All models were adjusted for current
age and total hip bone mineral density. Each observation in the
Cox regression was left-censored at the age at which the subject
entered the study and either ended at the time of hip fracture
or was right-censored at the end of the follow-up period.

Humeral fracture was handled as a time-dependent
variable. Each participant’s study period was divided into two
intervals: one prior to a humeral fracture, and one following a
humeral fracture and ending at the time of a hip fracture or at
the end of the follow-up period. Patients who did not sustain
a proximal humeral fracture were evaluated from the time of
the second examination through the end of the follow-up
period. Non-humeral fracture, as a time-dependent variable,
was treated similarly.

Control variables that were available at multiple times
were also handled as time-dependent variables. These included
self-rated health status, use of the arms to rise from a chair,
walking for exercise, number of hours standing or walking
each day, visual depth perception, weight gain since the age of
twenty-five, total hip bone mineral density, estrogen use, and
history of falls within the last year. As mentioned, information
about use of long-acting benzodiazepines, height at the age of
twenty-five, and maternal history of hip fracture (after the age
of fifty) were collected only at the first examination, and these
were used as time-constant covariates. The data setup of the
time-dependent variables was handled by the traditional method
used for survival analysis with time-dependent variables*. Each
subject’s time in the study was partitioned into intervals such
that the value of all variables remained constant within each
time interval.

Multivariate Cox regression analysis was used to test the
association between incident humeral fracture and subsequent
hip fracture, with adjustment for selected control variables.
Control variables were selected by forward stepwise regression
(p < 0.05 for inclusion), with total hip bone mineral density
and age always being included in the model. The control
variables included in the final multivariate proportional haz-
ards model were self-reported health status, height at the age of
twenty-five, history of recent falls, depth perception, and prior
non-humeral fracture. After selection of control variables for
and running of the final model without reference to the inci-
dent humeral fracture, the incident humeral fracture variable
was added into this model and the model was rerun.

The potential confounding role of a non-humeral frac-
ture was evaluated with two methods. First, we calculated the
risk due to the humeral fracture in a multivariate model that
included a covariate indicating a prior non-humeral fracture
after the second examination. This method controlled for the
non-humeral fracture by modeling—i.e., by use of a covariate.
We also calculated the risk due to the humeral fracture by using
a multivariate model but excluding time intervals following
any non-humeral fracture. This method controls for the non-
humeral fracture by eliminating any periods of observation
after such a fracture has occurred.

In order to examine whether the risk of a subsequent hip
fracture attributable to an incident humeral fracture changes
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TABLE | Baseline Data for Patients Evaluated*

No. for Whom

Data Available Value
Age at 2nd 8049 73+5
examinationt (yr)
Total hip bone 8049 0.76 + 0.13
mineral densityt (g/cm2)
Calcaneal bone 8024 0.41 + 0.09
mineral densityt (g/cmz)
Height at age 7904 163 + 6
of 25 yri¥ (cm)
Depth perception (per 10 7820 2.13 + 2.49
times standard deviation of
4 Howard-Dolman optical
distance scores)t (cm)
Weight gain since 7642 10.2 + 10.3
age of 25 yrt (kg)
Maternal history of hip 6153 13
fracture after age of 50 yr{§
Estrogen use§ 8045 15
Use of long-acting 8008 9
benzodiazepines
at baselinet§
Self-reported health 8049 1.84 + 0.70
status (on a scale of 1-5)1
Walking for exercise§ 8049 52
Standing or walking 8039 9
<4 hr/day§
Use of arms to 8045 4
rise from chair§
History of falls§ 8048 31
*All measures were recorded at the second examination, except
where indicated. TThe values are given as the mean and standard
deviation. $The value was unavailable at the second examination,
and the value at the first examination was used. §The values are
given as the percentage.

over the time elapsed after the humeral fracture, two multi-
variate models categorizing time after the humeral fracture as
a time-dependent variable were used. The three post-humeral
fracture intervals were less than one year, one to five years, and
more than five years after the humeral fracture, with subjects
not sustaining an incident humeral fracture utilized as the ref-
erence group for all analyses. The first of the two multivariate
models adjusted only for age and bone mineral density, whereas
the second model adjusted for age, bone mineral density, and
the control variables selected in the forward stepwise selection
process (described above). Each of these two multivariate models
provided an estimate of the hazard ratio for hip fracture specific
to each post-humeral fracture time interval (less than one year,
one to five years, and more than five years) relative to the risk in
subjects without a humeral fracture.
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TABLE Il Effect of Risk Factors for Hip Fracture, Adjusted for Age and Total Hip Bone Mineral Density

No. for Whom Hazard Ratio

Risk Factor Data Available (95% Confidence Interval) P Value
Total hip bone mineral density (per 1 8049 2.11 (1.94 to 2.29) <0.001
standard deviation decrease*)
Humeral fracture 8049 1.83 (1.32 to 2.53) <0.001
Non-humeral fracture 8049 1.43 (1.20 to 1.72) <0.001
Height at age of 25 yr (per 10 cm) 7904 1.41 (1.24 to 1.61) <0.001
Depth perception (per 10 times 7851 1.43 (1.13 to 1.82) 0.003
standard deviation of 4 Howard-Dolman
optical distance scores)
Weight gain since age of 25 yr (per 10 kg) 7823 0.94 (0.85 to 1.04) 0.2
Maternal history of hip fracture after age of 50 yr 6153 1.33 (1.06 to 1.66) 0.013
Estrogen use 8048 1.09 (0.86 to 1.40) 0.5
Use of long-acting benzodiazepines at baseline 8008 0.98 (0.75 to 1.23) 0.9
Self-reported health status (on a scale of 1-5) 8049 1.33 (1.20 to 1.46) <0.001
Walking for exercise 8049 0.85 (0.73 to 0.99) 0.04
Standing or walking <4 hr/day 8046 1.27 (1.04 to 1.55) 0.02
Use of arms to rise from chair 8046 1.37 (1.12 to 1.67) 0.002
History of falls 8049 1.38 (1.18 to 1.61) <0.001

*1 standard deviation = 0.133 g/cm2. Total hip bone mineral density was adjusted for age only.

Source of Funding

No outside funding was used in support of this research. The
Study of Osteoporotic Fractures is supported by National In-
stitutes of Health funding. The following institutes provide
support: the National Institute of Arthritis and Musculoskel-
etal and Skin Diseases (NIAMS) and the National Institute on
Aging (NIA) under the following grant numbers: AG05407,
AR35582, AG05394, AR35584, AR35583, R01 AG005407, RO1
AG027576-22, 2 RO1 AG005394-22A1, and 2 R01 AG027574-
22A1.

Results
he mean duration of follow-up of the 8049 women in-
cluded in the analysis was 9.8 years (range, zero to ten
years). Of the 321 women who sustained a proximal humeral
fracture after baseline (the second examination for the Study of
Osteoporotic Fractures), forty-four (13.7%) sustained a sub-
sequent hip fracture (13.9 fractures per 1000 patient years). Of
the women who did not sustain a proximal humeral fracture,
739 (9.6%) sustained a subsequent hip fracture (9.7 fractures
per 1000 patient years). Patient demographics are outlined in
Table 1.
An incident humeral fracture was associated with an
83% increase in the risk of a subsequent incident hip fracture,
after adjustment for age and total hip bone mineral density
(Table IT). A non-humeral fracture, height at the age of twenty-
five years, depth perception, maternal history of a hip frac-
ture after the age of fifty, health status, walking for exercise,
standing or walking for less than four hours per day, use of the

arms to rise from a chair, and a history of falls were also mod-
estly associated with an incident hip fracture, after adjustment
for age and total hip bone mineral density (Table II). These
findings were consistent with previously reported results, and

TABLE Ill Final Multivariate Cox Proportional Hazards Model

for Hip Fracture, Including Humeral Fracture as
a Risk Factor (N = 6921 Subjects)

Hazard Ratio
(95% Confidence

Risk Factor Interval) P Value
Total hip bone mineral 2.08 (1.91 to 2.27) <0.001
density (per 1 standard
deviation decrease*)
Self-reported health 1.24 (1.12 to 1.38) <0.001
status (on a scale of 1-5)
Height at age of 1.39 (1.22 to 1.59) <0.001
25 yr (per 10 cm)
History of falls 1.29 (1.10 to 1.52) 0.002
Depth perception (per 10 1.53 (1.19 to 1.97) 0.001
times standard deviation of
4 Howard-Dolman optical
distance scores)
Non-humeral fracture 1.28 (1.06 to 1.55) 0.01
Humeral fracture 1.57 (1.12 to 2.19) 0.009

*1 standard deviation = 0.133 g/cmz.
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TABLE IV Analysis of Potential Confounding of the Hip

Fracture-Humeral Fracture Relationship by a
History of Non-Humeral Fracture

Hazard Ratio for
Humeral Fracture
(95% Confidence

Interval) P Value

Final multivariate model* 0.009
including humeral fracture,

with final model controlling

for history of non-humeral

fracture

1.57 (1.12 to 2.19)

Final multivariate model* 0.004
including humeral fracture,
without control for history

of non-humeral fracture

1.63 (1.16 to 2.28)

Final multivariate model* 0.001
including humeral fracture
but excluding time intervals

after non-humeral fracture

1.95 (1.31 t0 2.91)

*Includes self-reported health status, height at the age of twenty-
five years, a history of recent falls, depth perception, and a history
of non-humeral, non-hip fracture, unless otherwise noted.

the factors were considered for inclusion in the multivariate
model”.

The final multivariate model showed that the hazard
ratio for subsequent hip fracture following a proximal humeral
fracture was 1.57 (95% confidence interval = 1.12 to 2.19),
after adjustment for age, total hip bone mineral density, self-
reported health status, height at the age of twenty-five, recent
falls, depth perception, and prior non-humeral, non-hip frac-
ture. The hip fracture risk following the humeral fracture was
greater than the risk conferred by a non-humeral, non-hip
fracture that occurred after the second examination (hazard
ratio = 1.28, 95% confidence interval = 1.06 to 1.55) (Table III).
Total hip bone mineral density also had a strong association
with subsequent hip fracture (hazard ratio = 2.08 per each one
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standard deviation decrease; 95% confidence interval = 1.91
to 2.27).

The adjusted hazard ratio for an incident hip fracture
following a humeral fracture compared with time intervals
without, or prior to, a humeral fracture changed very little if a
history of a non-humeral, non-hip fracture was not included
as a covariate (Table IV). Excluding the follow-up time after a
non-humeral, non-hip fracture increased the estimated ad-
justed excess risk of a hip fracture attributable to a prior hu-
meral fracture from 57% to 95% (Table IV). The comparison
in Table IV shows that there is no conclusive evidence of a
confounding effect from a non-humeral fracture. The confi-
dence interval around each hazard ratio estimate in Table IV
overlaps each of the other hazard ratio estimates, and therefore
non-humeral, non-hip fractures have no clear confounding
effect on the association between a humeral and a subsequent
hip fracture. In fact, adjustment for non-humeral fractures
tends to strengthen the evidence of the risk associated with hu-
meral fractures, since (1) the estimated hazard ratio increases after
the exclusion of the time interval after the humeral fracture and
(2) controlling for the non-humeral fracture through use of a
covariate has a very minor impact on the estimated hazard ratio,
decreasing it very slightly.

When the follow-up time after a humeral fracture was
segmented, the humeral fracture was found to confer a six-
times higher risk of incident hip fracture during the first year
after the humeral fracture, after adjustment for age and total
hip bone mineral density (Table V). Little change was noted
in the strength of this association with further adjustment for
self-reported health status, height at the age of twenty-five, re-
cent falls, depth perception, and prior non-humeral, non-hip
fracture. No significant association between humeral fractures
and incident hip fractures during follow-up time periods after
one year was found when the hazard ratios in those periods were
compared with those in the time interval without, or prior to, a
humeral fracture (Table V). This lack of significance, however,
should not be interpreted as no difference. The hazard ratios
in the periods of one to five years and more than five years
after humeral fracture, as compared with those in the period
without, or prior to, a humeral fracture, have wide confidence

TABLE V Risk of a Hip Fracture Over Time Following a Humeral Fracture

Period

Hazard Ratio, Adjusted for
Age and Bone Mineral Density
(95% Confidence Interval)

Hazard Ratio, Adjusted for Age,
Bone Mineral Density, and Variables
from the Final Multivariate Model*
(95% Confidence Interval)

Before humeral fracture 1.00
1st yr after humeral fracture
1-5 yr after humeral fracture

>5 yr after humeral fracture

6.16 (4.01 to 9.44)
1.16 (0.67 to 2.02)
0.64 (0.24 to 1.71)

1.00
5.68 (3.70 to 8.73)
0.87 (0.48 to 1.59)
0.58 (0.22 to 1.56)

fracture.

*Self-reported health status, height at the age of twenty-five years, a history of recent falls, depth perception, and a history of non-humeral, non-hip
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intervals, allowing the possibility of both no difference in risk
as well as either a positive or a negative impact on risk. Because
of the small numbers of total person-years and hip fractures
during the periods one to five years and more than five years
after the humeral fracture, this study was not sufficiently pow-
ered to detect some clinically relevant differences that may occur
in these two periods compared with the findings in the time
interval without, or prior to, a humeral fracture. A post-hoc
power analysis in which we assumed that a hazard ratio of >1.2
or <0.8 constituted a clinically relevant difference showed that
the study had very low (approximately 10%) power to detect
such a difference. Importantly, the difference between hazard
ratios in the first year after humeral fracture and those in either
of the two subsequent periods was very large and also significant.

Discussion
In this cohort of older, community-dwelling women, an in-
cident proximal humeral fracture significantly increased the
risk of a subsequent hip fracture, with the risk being six times
higher within the first year following the proximal humeral
fracture after we controlled for other important risk factors in
a multivariate analysis. The association between proximal hu-
meral and subsequent hip fractures was not significant during
time intervals of greater than one year after the incident hu-
meral fracture. Although our study could have missed a modest
persistent association between incident humeral and subsequent
hip fractures occurring at more than one year after the humeral
fracture, it was clear that the increased risk of hip fracture at-
tributable to a prior humeral fracture sharply waned after one
year of follow-up.

Few investigators have examined the risk of hip fracture
after a proximal humeral fracture or, importantly, the timing of
those subsequent fractures. In studies in which this relationship
was evaluated®***, sample sizes were small, the subjects were
from a single geographic region, or the authors did not control
for important risk factors when evaluating the times of subse-
quent fractures.

Lauritzen et al. found that women between sixty and
seventy-nine years of age who had previously sustained a fracture
of the proximal part of the humerus had a relative risk of sus-
taining a hip fracture of 2.5”. However, this study included
women from only one geographic area and the follow-up period
was relatively short (3.7 years). This is of importance because of
the geographic variability in hip-fracture incidence noted by
other authors”*. In contrast, women from four different geo-
graphic regions were analyzed in the current study. This likely
increased the heterogeneity of the evaluated patient population
and may make the results more representative when applied to
the women of the United States as a whole.

Johnell et al. reported an increased risk of hip fracture
following an incident humeral fracture, with the increased risk
persisting for up to five years after the incident fracture”. The
absence of a significant increase in hip-fracture risk beyond one
year after the humeral fracture in our study may be related to
our adjustment for additional important covariates that have
been shown to increase the risk of a subsequent hip fracture,
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especially bone mineral density; it may also be due to either
an absence of risk or a lack of power to detect a modest risk.
We previously showed a modest increase in the risk of sub-
sequent hip fracture following a non-spine, non-hip fracture
after controlling for age and bone mineral density”. The ad-
justed hazard ratio was 1.70 (95% confidence interval = 1.30 to
2.22) during the first five years of follow-up. The risk was
attenuated but still significantly increased during the five-to-
ten and more-than-ten-year follow-up periods (hazard ratios
of 1.32 and 1.21, respectively) in that study. The reason for
the nonsignificant association between humeral fractures more
than one year old and subsequent hip fracture in the current
study, a finding that is in contrast to those of the previously
published studies, is not clear, although our study may have
been underpowered to detect a modest persistent association
between humeral fractures and hip fractures occurring after
more than one year of follow-up. Although the associations
between prior humeral fractures as well as non-spine, non-hip
fractures and subsequent hip fractures were also noted to wane
with follow-up time in the study by Johnell et al.”* and our
previous study™, the associations were still significant after one
year in both of those studies. One can speculate that, in the
initial time following a proximal humeral fracture, the effect
of both environmental and medical interventions has not yet
been fully realized, so the patients are still at risk for additional
falls and subsequent fractures. Additionally, one can conjecture
that a proximal humeral fracture and subsequent immobili-
zation may affect the patient’s ability to walk and perform
activities of daily living safely. Furthermore, decreased balance
and reaction time may predispose patients to future falls and
fractures.

The results of the current study have important implica-
tions for the clinical evaluation, treatment, and prevention of
future fractures in patients who have sustained a proximal hu-
meral fracture. They demonstrate that the most dangerous time
with regard to the risk of a subsequent hip fracture is within a year
after the proximal humeral fracture and therefore intervention
following a humeral fracture should be initiated without delay to
reduce the risk of subsequent fractures. Studies have suggested
that oral bisphosphonates begin to reduce the risk of fractures
within three to six months after they are started”. In addition to
the initiation of medical treatment of osteoporosis, steps should
be taken to prevent falls in the at-risk population, as nearly 80%
of proximal humeral fractures and 90% of hip fractures are re-
lated to falls from a standing height™®. A recent meta-analysis
demonstrated the need for a multifaceted approach to the pre-
vention of falls in hospitals and nursing homes and that no
single intervention had a significant effect in a hospital set-
ting™. Although the patients in that study were evaluated in a
hospital or nursing home setting (unlike our patients, who were
community dwellers), the patients in our study also likely needed
a multifaceted approach to the prevention of additional falls,
whether it be assistive devices at home, adjustment of medica-
tions, or evaluation of environmental factors that lead to falls as
well as the initiation of medical therapy for osteoporosis. Recent
guidelines for the prevention of falls by the elderly formulated by
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the American Geriatrics Society, the British Geriatrics Society,
and the American Academy of Orthopaedic Surgeons serve as a
useful resource in the evaluation and prevention of falls in the
geriatric population®. It is also important to note that the risk
of a subsequent fracture is increased after a proximal humeral
fracture not only in women but also in men, as noted by Ettinger
et al.”.

This study has numerous strengths. To our knowledge, we
were the first to assess how the association of humeral fractures
with subsequent hip fractures changes over time, in an analysis
adjusted for hip bone mineral density and other covariates.
Second, because we used humeral fractures occurring after the
second examination for the Study of Osteoporotic Fractures as a
time-varying predictor, we were able to very accurately assess
the time since the predictor fracture. Third, this study was of a
large cohort of elderly women, in whom incident hip fractures
are ascertained with 99% accuracy™. Additionally, the women
in our study were from four different geographic regions of the
United States so the results are likely more generalizable to the
older white female population of the United States than are
results of women from a single geographic region.

This study also has important limitations. Participants in
the Study of Osteoporotic Fractures were community-dwelling
white women sixty-five years of age and older who had vol-
unteered for inclusion in the study. They likely represent a
healthier population in comparison with similarly aged indi-
viduals living in nursing home or assisted-living environments,
and our conclusions may not apply to individuals living in
those settings. Because the risk of proximal humeral fractures
in people of other ethnicities is typically lower than that in the
white population, generalizations regarding fracture risk may
not be applicable to individuals of other racial backgrounds. In
addition, sex-related differences in fracture incidence make the
results less meaningful for the male population.

Fracture occurrence was determined initially on the basis
of self-report and was confirmed by radiographs or radio-
graphic reports. However, this possible limitation is mitigated
by the fact that ascertainment of incident hip and humeral
fractures in the Study of Osteoporotic Fractures has been shown
to be highly accurate”. The number of potential risk factors
considered in the multivariate analysis was limited in com-
parison with the numbers of risk factors for hip fractures re-
ported in previous studies. The variables were chosen in the
hope of defining easily identifiable and clinically relevant risk
factors that could be ascertained quickly in a clinical setting.
This may have led to an overestimation of the effect of prox-
imal humeral fractures. However, the variables used in the anal-
ysis were based on the most predictive variables reported in
the current literature, and both age and bone mineral density
were controlled for in all analyses. Those two variables have
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consistently been shown to be the most significant risk factors
for osteoporotic fractures.

The data retrieved from the Study of Osteoporotic Frac-
tures is based on self-reported questionnaires and is subject to
error and patient bias. Recall bias may be of particular impor-
tance with regard to questions about height and weight at the
age of twenty-five, given the time that had elapsed between
when the participants were twenty-five and when they enrolled
in the study. Although the rate of follow-up of patients enrolled
in the Study of Osteoporotic Fractures was excellent, approxi-
mately 1700 patients were excluded from our univariate analysis
because of missing or incomplete data, and an additional 1100
were excluded from the multivariate analysis. However, the
remaining number of participants with complete follow-up was
still quite large and allowed meaningful evaluation and statis-
tical analysis.

In conclusion, the current study supports our hypothesis
that a proximal humeral fracture is an independent risk factor
for subsequent hip fracture. Importantly, the time of greatest
risk is the first year following the proximal humeral fracture,
with the risk of an incident hip fracture attributable to a prior
humeral fracture waning sharply after that. This small window
of time provides an opportunity to implement medical and
environmental interventions that may decrease the risk of
subsequent hip fractures and their cost to the patient and to
society. B
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