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Abstract Introduction: Hip fracture is a major public
health problem, annually affecting over 350,000 persons
in the United States and 1.6 million worldwide. Con-
sequences include decreased survival, loss of indepen-
dence, and increased risk of subsequent fractures. A
substantial decline in bone mineral density (BMD) also
occurs, yet the magnitude of the decline specifically
attributable to hip fracture has not been documented.
Methods: To determine the amount of BMD decline
attributable to hip fracture, the rate of decline in BMD in a
cohort of hip fracture patients was compared with that in a
cohort of women of similar age and BMD but without hip
fracture. All subjects were community dwelling when
enrolled. Hip fracture patients in the Baltimore Hip Studies
(BHS) came from two hospitals in Baltimore, Maryland,
from 1992 through 1995; comparison subjects came from

the Study of Osteoporotic Fracture (SOF) enrolled in four
areas of the United States during the same period. Eighty-
four white, female hip fracture patients 65 years and older
from the BHS were compared with 168 SOF participants
matched on age, race, and BMD at baseline. BMD of the
femoral neck and total hip was measured by dual-energy
x-ray absorptiometry. Results: Hip fracture patients had a
greater decline in BMD during the 12-month postfracture
follow-up than that expected on the basis of the
nonfracture cohort: 4.9% vs. 0.4% at the femoral neck
and 3.5% vs. 0.7% for the total hip. The decline in BMD
in hip fracture patients was 11.8 times the amount
expected at the femoral neck (matched on age and baseline
BMD and adjusted for between-cohort differences in
smoking prevalence) and 4.9 times that expected for the
total hip at the end of 1 year after the hip fracture.
Conclusion: In this sample of older women, bone loss
over the year following hip fracture far exceeded that
expected and is an important clinical management
concern.
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Introduction

Hip fracture annually affects over 350,000 persons age 65
and older in the United States and over 1.6 million
worldwide [1, 2]. Consequences of hip fracture include
increased risk of mortality, loss of independent function,
and other adverse health and economic consequences for
patients, families, and the health care system [3–12].
Annual direct medical costs of hip fracture in the United
States alone are estimated at $10.75 billion [13]. Given the
global demographic changes projected by 2050, over
650,000 hip fractures will occur annually in the United
States, and more than 6 million are anticipated worldwide
[1, 2, 14].

Low bone mineral density (BMD) is common in older
persons and is a risk factor for hip fracture [6]; BMD at the
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hip decreases approximately 0.51% per year, on average,
among elderly women who have not fractured a hip [15–
20]. In contrast, decline in BMD has been reported to be
nonlinear and to range from 4% to 7% in the year following
hip fracture [21–23]. This decline in BMD may explain, in
part, the fact that hip fracture patients are at higher risk of
subsequent fractures [24–26]. To date, however, no studies
have directly compared the decline in BMD after hip
fracture to that in persons without fracture but who have
similar age and BMD, thereby limiting our ability to
estimate how much of the decline in BMD can be attributed
to the fracture itself.

The current study extends our prior work and directly
compares the change in hip BMD during the year following
hip fracture in a group of women age 65 and older to the
change in BMD seen in similarly aged women with similar
BMD at baseline but who had not fractured a hip, in order
to distinguish the effects of fracture from those of aging.
We also comment on the implications these results have for
treatment in this vulnerable population.

Materials and methods

Subjects

Hip fracture patients admitted to one of two community
hospitals in Baltimore, Maryland, from 1992 through 1995
as part of the Baltimore Hip Studies (BHS) [23], were
female, 65 years and older, white, and community dwell-
ing. Patients with pathological or distal femur fractures and
those admitted more than 48 h after fracture were excluded.
Of 407 eligible patients, 205 (50%) had baseline measure-
ment of BMD at the contralateral hip by dual-energy x-ray
absorptiometry (DXA) within 10 days of hospital admis-
sion. Informed consent was obtained for all participating
patients. The protocol was approved by the institutional
review boards of the University of Maryland Baltimore and
the participating study hospitals.

The comparison group was drawn from the Study of
Osteoporotic Fractures (SOF). During the baseline exam-
ination in 1986–1988, a total of 9,704 community-dwelling
women age 65 and older were recruited from population-
based listings in four areas of the United States: Baltimore,
Maryland; Minneapolis, Minnesota; the Monongahela
Valley near Pittsburgh, Pennsylvania; and Portland, Oregon
[27]. Women who were nonwhite, had previous bilateral
hip replacements, or were unable to walk without assis-
tance were excluded [28]. All subjects provided informed
consent; protocols were approved by the institutional
review boards at each clinic site. For this analysis, the
comparison sample was selected from among 6,279 par-
ticipants with technically adequate hip BMD measure-
ments made by DXA at SOF follow-up visits numbers
two (1988–1989) and four (1993–1994; mean follow-up
between visits was 42.3 months) who had not suffered a hip
fracture between visits two and four.

Measures

In hip fracture patients, BMD was measured using DXA
(QDR-1000 W or QDR-1500, Hologic, Waltham, MA,
USA) in the contralateral (unaffected) hip within 10 days of
hospitalization and again at 2, 6, and 12 months post-
fracture. The coefficient of variation for these measure-
ments ranged from 0.30% to 0.35%. The precision of the
measurements (percent coefficient of variation based on a
sample of healthy subjects) was 2.2% for the femoral
neck. Age, weight, and comorbid conditions (such as
diabetes, Parkinson’s disease, stroke, and heart disease)
were abstracted from medical charts by trained research
nurses during the hospitalization for the fracture. Current
smoking, estrogen and thyroid medication use, and the
ability to perform activities of daily living (ADL) during
the week before fracture were derived from interviews
with the patient or her proxy by trained interviewers. ADL
tasks included getting into/out of a car, bed transfer,
dressing, and washing. Patients reporting difficulty or
inability to perform an ADL task were considered disabled
on that task.

Hip BMDwas measured in SOF participants using DXA
(Hologic QDR 1000, Hologic, Waltham, MA, USA) at
SOF follow-up visits two and four, which were on average
42.3 months apart. The mean coefficient of variation
between centers was 1.2% for the proximal femur [29].
Both self-administered and interviewer-administered ques-
tionnaires were used to assess age, smoking status, use of
estrogen and thyroid medications, and the same ADL tasks
and comorbidities as in the hip fracture sample; these
measures have been described previously [27, 28].

Matching

Of 205 hip fracture patients who had BMD measured at
baseline, 179 provided valid, interpretable DXA scans
from which hip total BMD could be derived. Of these, one
patient had hip total BMD >0.82 g/cm2 and was excluded
from this analysis. Of the remaining patients, 88 provided a
12-month follow-up DXA scan. Two SOF participants
were matched to each remaining hip fracture patient on age
(within 5-year age categories) and baseline total hip BMD
(within BMD quartiles based on the hip fracture sample)
following an algorithm used previously in the BHS [30].
No SOF respondents could be matched to four hip fracture
patients who were either older than age 93 or had a baseline
total hip BMD <0.300 g/cm2; these four patients were
therefore excluded from analyses. A 2:1 match was suc-
cessfully achieved for the remaining 84 hip fracture pa-
tients, resulting in 168 SOF comparison subjects. It should
be noted that the matching algorithm used was a frequency
match and did not provide matched sets of two controls and
one case. For this reason, no provision was made for the
matching in the analytical models described below.
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Statistics

The follow-up time points for the hip fracture cohort were
2, 6, and 12 months postfracture, whereas SOF follow-up
data were collected after approximately 3.5 years (range
34–52 months). These differences in follow-up periods
precluded direct time-specific comparisons of BMD
between the hip fracture and SOF cohorts. Therefore, the
SOF cohort was used to estimate the expected BMD level
for the hip fracture cohort at 2, 6, and 12 months
postfracture, assuming a linear rate of decline in BMD
over time [16]. The difference in BMD between the
observed level for the hip fracture cohort and the expected
level was regarded as the excess loss attributable to hip
fracture and was estimated by a longitudinal analysis
involving both cohorts. The time-specific excess losses are
presented in units of g/cm2 and in percentage points
(obtained by dividing the excess loss by the SOF baseline
mean and multiplying by 100).

A mixed model was fitted using maximum likelihood
using PROC MIXED in PC-SAS. Random effects were
accounted for by specifying an exchangeable covariance
matrix. Fixed effects were modeled according to the
following:

Yt¼ b0 þ b1 Xþ b2 X t2 þ b3 X t6 þ b4 X t12 þb5 t>12 m;

where Yt is subject BMD at a specific time; b0 is the
intercept (representing the predicted BMD for the SOF
cohort at baseline); X is the cohort indicator variable
(0=SOF cohort, 1=hip fracture cohort); t2, t6, t12, and t>12
are indicator variables for the time corresponding to fol-

low-up at 2, 6, 12, and more than 12 months, respectively;
and m is months of follow-up for SOF subjects.

Because of product terms involved, b1, b2, b3, and b4 are
fitted with hip fracture data, and b5, the linear rate of
change, with SOF data. After parameter estimates were
obtained, the excess loss at 2 months was determined as
b2-2 b5, that at 6 months as b3-6 b5, and that at 12 months
as b4-12 b5.

Each potential confounder was assessed individually as
a covariate in the fixed effect model. The model was then
refitted to obtain excess losses adjusted for that variable.
Variables were deemed confounders when one or more
adjusted effects (for 2, 6, and 12 months) differed by 10%
or more from the corresponding unadjusted effects. A final
model was fitted with the inclusion of all identified con-
founders to determine the adjusted time-specific effects.

Results

Characteristics of hip fracture patients and SOF partici-
pants are shown in Table 1. The groups had, by virtue of
matching, similar age, total hip BMD [0.595 g/cm2

(±0.102) for fracture patients and 0.610 g/cm2 (±0.095)
for SOF participants] and femoral neck BMD [0.548 g/cm2

(±0.084) for fracture patients and 0.536 g/cm2 (±0.083) for
SOF participants] at baseline. Hip fracture patients reported
more disability in each ADL task and a higher prevalence
of diabetes, stroke, and heart problems.

Hip fracture patients had a greater decline in BMD
during the 12-month follow-up than expected in both bone
regions: 3.5% vs. 0.7% at the total hip and 4.9% vs. 0.4% at

Table 1 Characteristics of the Study of Osteoporotic Fractures and hip fracture matched groups

Hip fracture SOF P-valuea

n=84 n=168

General characteristics
Age mean (sd) 79.0 years (7.2) 79.1 years (6.8) 0.94
Range 65–92 years 67–93 years
Weight in pounds, mean (sd) 128.99 (23.96) 131.10 (20.79) 0.48
Current estrogen use (%) 10.0 8.4 0.81
Current thyroid medication use (%) 15.9 12.7 0.56
Current smoker (%) 11.3 7.2 0.33
Comorbid conditions, % reporting
Diabetes 10.7 2.4 0.011
Parkinson’s disease 1.2 1.2 1.00
Stroke 7.1 2.4 0.09
Heart diseaseb 28.6 17.9 0.07
Activities of daily living (% unable or with difficulty)c

Bed transfer 25.0 0.6 <.001
Get in and out of a car 42.0 0.0 <.001
Dress self 36.1 0.0 <.001
Wash self 31.3 0.0 <.001
aP-values based on t-tests (continuous measures) or Fisher’s exact test (dichotomous measures)
bIncludes heart attack, angina, congestive heart failure
c For hip fracture respondents, the reference period for activities of daily living limitations was 1 week before the fracture
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the femoral neck. These results are shown graphically in
Fig. 1. Each variable in Table 1 was evaluated as a potential
confounder of the association between hip fracture and
BMD change; only smoking at the time of fracture met
criteria for a confounder. The difference between observed
and expected decline in BMD, adjusted for smoking
(Table 2), showed the excess losses for total hip BMD to be
1.5 percentage points at 2 months, 2.2 percentage points at
6 months, and 2.8 percentage points at 12 months. Even
greater differences were seen for femoral neck BMD:
excess loss of 2.7, 3.0, and 4.6 percentage points at 2, 6,
and 12 months postfracture, respectively.

Because the groups had significantly different frequency
of ADL disability, additional sensitivity analyses were
performed to determine to what degree the reported excess
BMD loss was due to greater preexisting functional
disability in the hip fracture patients. The 40 hip fracture
patients with no prefracture ADL disability were compared
with the entire SOF group; results were similar to those
reported for the complete hip fracture group (Table 2),
suggesting that losses may be more rapid and greater at the
femoral neck in this unimpaired group.

Discussion

During the year after a hip fracture, white women age 65
and older suffered an additional decline of 4.6% in BMD
at the contralateral femoral neck and an extra 2.8% in
BMD at the contralateral total hip compared with the
expected decline among women of similar age and
baseline BMD who had not fractured. In this study,
these excess losses translate into a decline in BMD 11.8
times greater than that anticipated in the contralateral
femoral neck and 4.9 times greater than that anticipated in
the contralateral total hip a year after a hip fracture.
Coupled with the 6% loss in lean body mass in the first 2
months postfracture [23], the effects of hip fracture on the
already compromised and aging musculoskeletal system
are highly clinically significant.

Earlier work has shown that, compared with same-aged
peers, hip fracture patients experience higher rates of

mortality [4, 31], mobility limitations [5], and decline in
physical functioning [5]. They also experience declines in
muscle mass, strength, and neuromuscular performance [3,
5, 21, 23, 32]. Combined with the excess losses in bone
mass that follow a hip fracture, it is not surprising that those
who have fractured are at increased risk of falling and
having another fracture [24–26, 33–37].

To our knowledge, this is the first study of bone change
to quantify the magnitude of the excess decline in BMD
associated with hip fracture. The mechanisms underlying
the loss of bone after hip fracture are still incompletely
understood. Weight bearing is important to maintain bone
mass, and loss of hip BMD follows loss of weight bearing
in other situations [38–40]. Recovery of ambulation
attenuates or reverses bone loss [41, 42]. Vitamin D
deficiency and secondary hyperparathyroidism are com-
mon among hip fracture patients [43, 44] and are likely to
contribute to bone loss, as parathyroid hormone levels
increase further during the year following fracture [44, 45].
An elevated rate of bone resorption is an independent risk
factor for hip fracture [46, 47] but changes relatively little
during the year after a hip fracture [44]. In contrast, bone
formation increases significantly during the early post-
fracture period [44], but this activity is likely directed
primarily at fracture site repair. Regardless of the exact
mechanisms, physiologic reserves in hip fracture patients
appear to be inadequate to provide an adaptive skeletal
response during the recovery period with typical post-
fracture care.

It also is notable that when post-hip-fracture changes in
BMD are examined in conjunction with changes in phys-
ical and neuromuscular function, the changes in BMD are
for the most part independent of these other changes [48].
This independence has important implications for care
after hip fracture, suggesting that treating bone loss
requires strategies that go beyond the usual rehabilitation
that emphasizes muscle strengthening, balance, and ADL
performance. Thus, in addition to recommending that
postfracture care include physical therapy, graded exercise,
adoption of fall prevention strategies, and consideration of
the use of hip protectors, the National Osteoporosis
Foundation treatment guidelines for osteoporosis recom-
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A BFig. 1 Expected and observed
change in total hip bone mineral
density (panel A) and femoral
neck bone mineral density
(panel B) during the 12 months
following fracture. Legend for
both panels: • with solid line, hip
fracture (observed mean and
standard error); broken line,
Study of Osteoporotic Fractures
(SOF; expected mean based on
interpolated data obtained over a
42.3-month period). Observed
change based on hip fracture
patients; expected change based
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mend pharmacologic intervention in addition to calcium
and vitamin D supplementation in any patient with a
history of either vertebral or hip fracture, regardless of
BMD [49, 50].

Despite recommendations, most hip fracture patients do
not receive definitive pharmacologic treatment, nor is
osteoporosis evaluation generally performed [51–58]. In
fact, osteoporosis diagnosis, which increases the likelihood
of treatment [52, 59–61], is made in only approximately
one-quarter of women who sustain hip fracture, even after
the event [52, 54, 58, 61]. General treatment rates under
20% are typical, even as long as 1 year after the fracture
[51–58, 62, 63], and calcium and vitamin D supplementa-
tion are the most commonly used treatments [51, 63].
Nonetheless, studies do indicate some increases in recent
years in pharmacologic treatment after hip fracture [53, 57,
59]. One study reported increases from 6% to 22% from
1995 to 2000 [53]; another reported an increase from 11%
to 29% from 1997 to 2000 [57]; and a third, examining
change from 1995 to 2000, reported increased use of
calcium on hospital discharge from 7% to 17%, as well as
increased use of antiresorptive therapy on discharge from
2% to 15% [59].

Thus far, neither orthopedic surgeons nor primary care
physicians have made postfracture osteoporosis manage-
ment a priority. Primary care physicians identify patient age
and comorbidities [60, 64], uncertainty about efficacy of
drug therapy [65], cost, constraints placed by managed
care, and possible adverse reactions to medications as
barriers to treating osteoporosis after fragility fracture [66].
In addition, physicians identified inadequacies in their own
understanding of osteoporosis as a barrier to treating the
postfracture patient [64–66].

This study has several limitations. First, although the
characteristics of the overall sample of 205 patients reflect
the majority of hip fracture patients (ambulatory white
women in urban and suburban communities), results
should be generalized with caution. Patients came from
only two hospitals in a single metropolitan area, and none
were male, nonwhite, or institutionalized at the time of
fracture. Second, less than one-half of all patients with a
baseline BMD measurement were included in the analysis;
these women were slightly younger, had fewer comorbid
conditions, had a higher frequency of estrogen and thyroid
medication use, and were less likely to be smoking
currently than those not included in the analysis (data not
shown). Third, this study followed hip fracture patients for
only 1 year and assumed a linear rate of decline in BMD
over 42 months in the comparison group, based on
evidence from prior reports of BMD change [15–20].

The study has several strengths. Results have good
internal validity as a consequence of matching to SOF
participants on the two particularly important criteria of age
and baseline BMD, and there was consideration of a broad
spectrum of potential confounding factors. In addition,
both cohorts are essentially contemporaneous, so diagnos-
tic and treatment options for osteoporosis are similar. This
careful selection of a comparison group has enabled us to
extend our understanding of the consequences of hip
fracture by demonstrating that although their BMD is very
low at the time of fracture, substantial and clinically
important further losses of BMD follow during the year
after a hip fracture. Furthermore, the magnitude of the
observed bone loss in the hip fracture subgroup used in
these analyses is very similar to that reported for the whole
sample and in two other studies of BMD change after hip

Table 2 Excess bone loss from baseline and percentage point difference between the expected (based on the Study of Osteoporotic
Fractures) and observed loss in bone mineral density (BMD) in hip fracture patients: total sample and respondents without activities of daily
living (ADL) limitations prefracturea

2 months 6 months 12 months

Total sample (n=252)
Hip total BMD
Excess loss since baseline g/cm2 mean (se) −0.0093 (0.0034) −0.0135 (0.0033) −0.0170 (0.0041)
Percentage points −1.53 −2.21 −2.79

Femoral neck BMD
Excess loss since baseline g/cm2 mean (se) −0.0144 (0.0053) −0.0162 (0.0056) −0.0246 (0.0062)
Percentage points −2.69 −3.02 −4.59

Respondents without baseline ADL limitationsb

Hip total BMD
Excess loss since baseline g/cm2 mean (se) −0.0094 (0.0057) −0.0103 (0.0040) −0.0157 (0.0061)
Percentage points −1.54 −1.70 −2.58

Femoral neck BMD
Excess loss since baseline g/cm2 mean (se) −0.0194 (0.0101) −0.0137 (0.0103) −0.0303 (0.0109)
Percentage points −3.61 −2.55 −5.65

aAnalyses are adjusted for smoking. Hip fracture and Study of Osteoporotic Fractures patients were matched on age and baseline BMD
bIncludes 40 hip fracture patients and 168 SOF control subjects
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fracture [21–23], leaving us reasonably confident that these
results are similar to what would be derived from a study of
bone loss among a broader population of female hip
fracture patients.

Loss of BMD following a hip fracture is clinically
significant and is one of the multiple consequences of hip
fracture. In a recent position statement from the American
Academy of Orthopaedic Surgeons, which was endorsed
by 17 professional organizations whose members care for
hip fracture patients [67] and was based on several recent
descriptions of hip fracture treatment guidelines [68, 69], it
is clear that the care of hip fracture patients will require
multiple strategies both during and after their acute care
stay. The losses in BMD reported here are likely to place
these already vulnerable patients at increased risk of
subsequent hip and other osteoporotic fractures. Further
study of the accelerated loss of BMD observed in this study
and its mechanisms are needed. The effectiveness of
postfracture osteoporosis treatment also needs further
investigation as we develop more complete and validated
evidence-based postfracture treatments, management
guidelines, and care pathways.
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