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Abstract

Background Patients with a first hip fracture are at high risk of fracturing their other hip. Despite this, preventive
therapy is often not given. Because little is known about specific risk factors of a second hip fracture, we investigated
the association with areal bone mineral density (aBMD), muscle size, and density. We also investigated whether muscle
parameters predict the risk of a contralateral fracture independently of aBMD.
Methods Three groups were included, onewithout hip fracture (a subcohort of the China Action on Spine andHip Status
study), one with a first, and one with a second hip fracture. Subjects with fractures were recruited from the longitudinal
Chinese Second Hip Fracture Evaluation (CSHFE). Computed tomography scans of CSHFE patients, which were obtained
immediately following their first fracture, were used to measure cross-sectional area and density of the gluteus maximus
(G.MaxM) and gluteus medius and minimus (G.Med/MinM) muscles. Computed tomography X-ray absorptiometry was
used to measure aBMD of the contralateral femur. Median follow-up time to second fracture was 4.5 years. Cox propor-
tional hazards models were used to compute hazard ratios (HR) of second hip fracture risk in subjects with a first hip frac-
ture. Multivariate logistic regressions were used to compare odds ratios (OR) for the risk of a first and second hip fracture.
Results Three hundred and one participants (68.4 ± 6.1 years, 64% female) without and 302 participants
(74.6 ± 9.9 years, 71% female) with a first hip fracture were included in the analysis. Among the latter, 45
(79.2 ± 7.1 years) sustained a second hip fracture. ORs for first hip fracture were significant for aBMD and muscle size
and density. ORs for a second fracture were smaller by a factor of 3 to 4 and no longer significant for femoral neck (FN)
aBMD. HRs for predicting second hip fracture confirmed the results. G.Med/MinM density (HR, 1.68; CI, 1.20–2.35)
and intertrochanter aBMD (HR, 1.62; CI, 1.13–2.31) were the most significant. FN aBMD was not significant. G.
Med/MinM density remained significant for predicting second hip fracture after adjustment for FN (HR, 1.66; Cl,
1.18–2.30) or total hip aBMD (HR, 1.50; 95% Cl, 1.04–2.15).
Conclusions Density of the G.Med/MinM muscle is an aBMD independent predictor of the risk of second hip fracture.
Intertrochanteric aBMD is a better predictor of second hip fracture than FN and total hip aBMD. These results may trig-
ger a paradigm shift in the assessment of second hip fracture risk and prevention strategies.
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Introduction

Worldwide, hip fractures are an important cause of morbid-
ity and mortality that severely reduce quality of life and
pose a major economic health burden.1–3 Hip fractures
have a substantial impact on mobility and physical func-
tioning with only one-third to one-half of hip fracture pa-
tients regaining their prior ambulatory function.4–6 In addi-
tion, suffering a first hip fracture is associated with a two
to four times higher risk of suffering a second fracture of
the opposite hip.7,8 Further, a second hip fracture has an
even poorer prognosis than the first.9,10 Therefore, a thor-
ough risk assessment following a first hip fracture should
be performed as a basis for a detailed intervention, for ex-
ample, to decide between antiresorptive and anabolic ther-
apy, to optimize physical exercise, or to apply local
osteo-enhancement procedures currently undergoing clini-
cal validation.11

Standard procedures of fracture risk assessment include
scoring systems using age, prevalent fractures, bone min-
eral density (BMD), and clinical risk factors as variables.12

However, there is little scientific evidence guiding the ade-
quate prediction of second hip fracture risk. Areal BMD
(aBMD) assessed by dual-energy X-ray absorptiometry is
an established parameter for the prediction of hip fracture
risk. However, risk of a second fracture is significantly ele-
vated for patients with hip or vertebral fractures indepen-
dent of BMD.13 Thus, aBMD measurements of the hip
may have limited value for predicting the risk of a second
hip fracture.

Independent of BMD, hip fracture risk is related to muscle
weakness that contributes to the incidence of falls.14 Reduc-
tion in muscle performance is strongly associated with
increases in muscle fatty infiltration. Therefore, previous
computed tomography (CT) studies have targeted not only
muscle size but also muscle composition as potential contrib-
utors to hip fracture risk.15–18 However, the performance of
muscle assessments for prediction of risk of a second hip
fracture is still unknown.

In this study, we first aimed to investigate whether BMD,
hip structural geometry, and muscle size and density param-
eters predict risk of a second hip fracture in patients suffering
a first fracture, and second whether muscle parameters do so
independently of femoral neck (FN) or total hip (TH) aBMD. A
third aim was to compare associations of muscle parameters
and BMD with hip fracture risk between subjects with first
and second hip fracture. We hypothesized that muscle
density was a stronger predictor of the risk of a second hip
fracture than bone parameters or muscle size. We further
hypothesized that muscle density was lowest in subjects with
second hip fracture and highest in controls without hip
fracture.

Methods

Study design and participants

Three groups were included in the study, a control group
without hip fracture, a group with first hip fracture and a
group with second hip fractures. The control group was a
subcohort of 301 participants (mean age 68 years, 64% fe-
male) of the China Action on Spine and Hip Status study
(CASH, Clinical Trials.gov Identifier: NCT01758770),19 a
multi-centre epidemiological study focused on quantitative
CT and dual-energy X-ray absorptiometry to determine the
prevalence of osteoporosis and osteoporotic spinal fractures
in an elderly Chinese population. The control group was re-
cruited in the neighbourhood of Beijing Jishuitan Hospital.
Details were described previously.18

All subjects with hip fractures were recruited for the Chi-
nese Second Hip Fracture Evaluation (CSHFE, Clinical Trials.
gov Identifier: NCT03461237), a prospective longitudinal
study to evaluate the risk of a second hip fracture in patients
with a first hip fracture.20 A total of 668 subjects with
low-energy hip fractures admitted to the Beijing Jishuitan
Hospital emergency department of orthopaedic trauma be-
tween May 2015 and June 2016 were recruited for this study.
The clinical approach has been described previously.20 The
present analysis used CT scans from subjects obtained imme-
diately (<48 h) after the first fragility hip fracture (baseline
visit). Patients enrolled in the CSHFE study were followed
up for a median time of 4.5 years (from 2015–2016 to
2019–2020).

Inclusion and exclusion criteria for all three groups were
similar to those described by Su et al.20 In brief, only fully
ambulatory, community-dwelling Chinese Han adults were
included. Exclusion criteria were inability to sit and stand
independently, inability to walk with or without an assistive
device, or pain that prevented testing. Further exclusion
criteria were stroke, neurologic disorders, metabolic diseases,
rheumatic diseases, heart failure, severe chronic obstructive
pulmonary disease and coagulation disorders, and other dis-
eases that limited function. All hip fractures resulted from
low-energy injury. Thus, only falls from standing or sitting
height were considered as cause for frailty hip fracture.

For the CSHFE study, but not for CASH, that is, for the frac-
ture but not for the control group, orthopaedists in the emer-
gency room assessed the mobility of patients prior to the first
hip fracture using the Parker Mobility Score. After 4.5 years,
patients were followed up by orthopaedists by telephone
for the potential incidence of a second hip fracture and/or
death. The Parker Mobility Score was determined for the
3 months prior to a second hip fracture or death. If the
patients neither had died nor had suffered from a second
hip fracture, the orthopaedists also assessed mobility within
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3 months prior to the telephone interview. Patients with a
Parker Mobility Score < 3 (mobility assessment) after surgery
or before death were excluded.

The study was approved by the ethics committee of Beijing
Jishuitan Hospital. Informed consent was obtained from each
participant.

Muscle density and bone density assessments

Spiral CT imaging of the hip was performed for all study par-
ticipants using two Toshiba Aquilion CT scanners (Toshiba
Medical Systems Division, Tokyo, Japan). Scans were acquired
in the supine position from the top of the acetabulum to
3 cm below the lesser trochanter (TR) and included both legs.
Scan parameters were 120 kVp, 125 mAs, 50 cm field of view,
512 × 512matrix, and 1 mm reconstructed slice thickness.

Cross-sectional area and density were measured of the glu-
teus maximus (G.max) at the level of the greater TR and of
the gluteus medius and minimus (G.med/min) muscle at the
level of the third sacral vertebra (S3) (Supporting Informa-
tion, Figure S1). In subjects with hip fracture, the
non-fractured hip was analysed. If the CT scan did not cover
the S3 level, the muscle density and area of the medius and
minimus muscle were measured at the S4 or S5 levels. A pre-
vious study showed that there was no significant difference
(0.8 Hounsfield unit) in muscle density between the S3 and
non-S3 levels.18 Difference in muscle area between the S3
and non-S3 levels was not significant either. However, the ab-
solute difference of about 4.1 cm2 accounted for a bias of up
to 10% compared with the mean area at the S3 level. We
therefore did not include gluteus medius and minimus mus-
cle cross-sectional area in the analysis.

OsiriX software (Lite Version 10.0.2, Pixmeo, Geneva,
Switzerland) was used for the analysis. The muscle measure-
ments procedure and precision have been previously
reported.21

Areal BMD (aBMD, g/cm2) of the FN, TR, intertrochanter
(IT), and TH was calculated from the hip CT scans using the
computed tomography X-ray absorptiometry technique (Ver-
sion 4.2.3, Mindways Inc). Structural variables were derived
using the Bone Investigation Toolkit (Mindways Software
Inc.) as previously described by Wang et al.22 The Medical Im-
age Analysis Framework option Femur (Version 7.1.0 MRH)
was used to measure three-dimensional femoral neck cortical
thickness.

Parker Mobility Score

The Parker Mobility Score is a valid and reliable measurement
for the assessment of mobility.23 Parker Mobility Scores were
assessed prior to the first hip fracture (within 3 months),
prior to second fracture (within 3 months), and prior to death

(within 3 months) and prior to the telephone interview for
those patients without second hip fracture. The ability to
move around the house, to go out of the house, and to go
shopping were scored as: without difficulty (3 points), with
an aid such as a walking stick (2 points) with help from an-
other person (1 point), or impossible (0 points). Thus, the Par-
ker Mobility Score ranges from 0 to 9.

Data collection

Demographic and anthropometric assessments included age,
sex, and body mass index. Health-related data included blood
pressure, hypertension, previous fracture, osteoarthritis,
coronary heart disease, type 2 diabetes mellitus (T2DM),
and antiosteoporosis treatment. The treatment of osteoporo-
sis was defined as taking either a bisphosphonate or
teriparatide.

Statistical analysis

In this study, a prospective analysis was conducted to com-
pare the gluteal muscle size and CT density for the prediction
of a second hip fracture. For this analysis, the two groups
with fractures were used. In addition, a cross-sectional analy-
sis was performed to compare associations of the gluteal
muscle size and CT density between first and second hip frac-
ture. For this analysis, all three study groups as described in
Study design and participants section were used.

Continuous variables were analysed using two-sample
Wilcoxon tests and are reported as mean ± standard devia-
tion. Categorical variables were analysed using χ2 tests and
are presented as numbers and percentages.

For the prospective analysis of second hip fracture risk, tra-
ditional Cox proportional hazards models (HR) were used.
The 28 death events were regarded as censored data. The cu-
mulative incidence of second hip fracture was also calculated
using Kaplan–Meier survival analyses and illustrated using
sex-specific median values of various muscle and bone pa-
rameters as cut-points. In addition, competing risk analyses
using cause-specific hazard models were conducted using
death events occurring in the absence of second fracture
events as competing risks. For this analysis, study subjects
of the two fracture groups were divided into death, second
hip fracture, and no second hip fracture subgroups. Fine–-
Gray models were conducted to analyse the competing risks
as sensitivity analyses.24 Age, sex, type 2 diabetes, and Parker
Mobility Scores obtained prior to second fracture were used
as covariates.

The cross-sectional analysis was applied to compare the
strength of associations of bone and muscle parameters
with first and second hip fracture. The area under the re-
ceiver operating characteristic curve (AUC) with 95% confidence
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intervals (CI) was computed using multivariate logistic regres-
sions. Hosmer–Lemeshow tests were used to evaluate model
robustness by calculating the Pearson χ2 statistic from the ta-
ble of observed and expected frequencies. If the model fits
well the test result is non-significant.

The Statistical Analysis System (SAS 9.4 for Windows;
SAS Institute Inc., Cary, NC) was used for all statistical
analyses.

Results

Study sample characteristics

Table 1 shows the baseline characteristics of the study popu-
lation and Figure 1 its selection. The control group consisted
of 301 subjects without follow-up visits. After 4.5 years of fol-
low-up, 374 subjects of the two groups with hip fracture had
completed the study (n = 302) or had died (n = 72). Forty-four
patients who died and 36 cases without a second hip fracture
had Parker Mobility Scores less than 3 at follow-up and were
excluded. Of the 302 survivors, 45 had sustained a second hip
fracture (20 FN and 25 trochanteric fractures) (Figure 1). In
the group without second hip fracture, 133 subjects had
sustained a FN and 88 a TR fracture at baseline (Figure S2).
The subjects suffering a second fracture (mean age:
79.2 ± 7.1 years) or death (80.6 ± 8.5 years) were older than
the surviving patients without second fracture
(72.6 ± 9.8 years). Parker Mobility Scores were not signifi-
cantly different between the two fracture groups at baseline
(i.e. prior to first hip fracture), while the patients surviving
without second hip fracture had significantly higher Parker
Mobility Scores than those deceased or suffering a second
hip fracture.

As shown in Table 1, compared with the death and second
fracture groups, most muscle and aBMD parameters were
highest in surviving patients without second hip fracture, ex-
cept for femoral neck cortical thickness. In the controls, all
muscle and BMD variables were significantly higher than in
hip fracture patients.

Muscle and bone: prediction of second hip fracture

Figure 2 illustrates the cumulative incidence of second hip
fracture using Kaplan–Meier survival curves. For each param-
eter shown in the plots, the high and low risk groups were
differentiated using sex-specific median values of the specific
parameter. Higher second hip fracture probabilities were ob-
served for lower G.MaxM area; lower G.MaxM and G.Med/
MinM density; and lower aBMD of TH, TR, and IT. Second
hip fracture probabilities did not significantly differ between
high and low risk groups for FN cortical thickness, FN aBMD,
and all structural variables (P > 0.05).

With the exception of G.MaxM area, the significance of
these results was confirmed using traditional Cox proportional
hazards models after adjustments for age, sex, T2DM, and
Parker Mobility Scores obtained prior to surgery (Table 2).
Also, HR of TR aBMD was no longer significant after the com-
peting risk analysis. There were no significant differences be-
tween adjusted HRs from Cox proportional hazards and
Fine–Gay models. Table S1 shows the same analysis as Table
2 but without excluding subjects because of poor mobility
(Parker Mobility Score < 3). Table S2 also shows the same
analysis as Table 2 but further adjusted for health-related
data. Both results were consistent with those in Table 2.

Figure 3 shows unadjusted and adjusted hazard ratios of
second hip fracture for G.MaxM (A) and G.Med/MinM densi-
ties (B). After adjustment for aBMD, HRs were attenuated
slightly for density of G.MaxM (HR, 1.77; 95% CI, 1.29–2.44)
and of G.Med/MinM (HR, 1.92; 95% CI, 1.41–2.60). Additional
adjustments for age, sex, T2DM, and Parker Mobility Score
further decreased the hazard ratios, but they remained signif-
icant (G.Med/MinM density: HR, 1.66; 95% CI, 1.18–2.30
when adjusted to FNaBMD; HR, 1.50; 95% CI, 1.04–2.15 when
adjusted to THaBMD) with the exception of G.MaxM adjusted
to TH aBMD.

Muscle and bone: associations with first and
second hip fracture

Univariate odds ratios comparing associations of no fracture
vs. first fracture and of first vs. second fracture are shown
in Table S3. With the exception of cross-sectional moment
of inertia, adjusted odds ratios for first hip fracture were sig-
nificant for all muscle, aBMD, and structural parameters
assessed in the study. However, this was not the case for
OR of second fracture after first fracture. These were smaller
by a factor of 3 to 4 and only significant for G.MaxM and G.
Med/MinM densities, and TH, TR, and IT but not FN aBMD.

The AUC results are shown in Table 3. Only AUCs of G.Med/
MinM density, TH aBMD, and IT aBMD exceeded 70%, but no
AUC value was higher than 75%. Several selectedmodels com-
bining muscle and BMD parameters were assessed, but the
predictive ability did not increase beyond 75%.

Discussion

This is the first study summarizing the strength of bone and
muscle parameters for the prediction of second hip fracture.
According to current osteoporosis guidelines,13,25,26 all
low-trauma hip fracture patients should receive second hip
fracture prevention treatment, but the prevalence of a lack
of proper medical management remains high.2,13 Therefore,
it is important to identify patients at high risk of a second
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hip fracture. Apart from acute medical management and sur-
gery, physicians and orthopaedic surgeons should also assess
the risk of future hip fracture and council patients on an ef-
fective prevention strategy, mostly involving osteoporosis
medication.

Almost all osteoporotic hip fractures are related to falls,
and the risk of falls is in part determined by muscle function
and quality. Many studies have shown a high association be-
tween muscle quality assessments and hip fracture risk. For
example, our previous study showed that muscle density
measured with CT in Hounsfield units was more strongly as-
sociated with acute hip fracture than muscle size or aBMD.18

The clinical significance of parameters characterizing muscle
quality was also observed in other studies.15,17,27,28

Interestingly, the relevance of muscle assessments for sec-
ond hip fracture prediction has not been reported, although
it is well known that the first low-energy hip fracture has det-
rimental effects on BMD and muscle performance. Our re-
sults indicated that G.Med/MinM density and IT aBMD were

the most relevant parameters in predicting second hip frac-
ture. After adjusting for TH or FN aBMD, associations with
second hip fracture remained significant for G.Med/MinM
density but not for G.Max density (Figure 3). The G.med/
min muscle, referred to as the ‘rotator cuff of the hip’, plays
an important role in gait stability. It inserts on the greater TR
of the femur and serves as the major abductor and rotator of
the hip during normal gait to maintain balance. Our out-
comes highlight the G.med/min muscle as a potential target
for future interventional approaches.

Interestingly, FN aBMD was not a significant predictor of
second hip fracture risk although our study showed that FN
aBMD was indeed a strong predictor of first hip fracture, in
accordance with the use of FN aBMD in the Fracture Risk As-
sessment Tool (FRAX) for 10 year hip fracture risk
assessments.29 In contrast, TR aBMD was a significant predic-
tor of second hip fracture, confirming the findings of a previ-
ous biomechanical study in which Cheng et al. reported that
TR aBMD was more strongly associated with proximal femur

Figure 1 Flow chart of participant selection for the study.
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strength than FN aBMD.30 In another study, TR volumetric
BMD (vBMD) in combination with cortical thickness mea-
sured by quantitative CT, but not FN vBMD, was significantly
associated with acute femoral fracture, while FN vBMD alone
showed the highest association with FN fractures and TR
vBMD alone with trochanteric fractures.31 In conclusion, our
results for FN aBMD and TR aBMD may in part be related
to the site of the FN fracture. Second hip fractures were
mostly trochanteric fractures while the first hip fractures
were mostly fractures of the neck. Whether this finding was

specific for our study or whether second hip fractures in gen-
eral are mostly trochanteric fractures still has to be shown,
but our observations indicate that special attention should
be given to bone density of the trochanteric region for the
prevention of second hip fracture.

This is also the first study to compare the ability of bone
and muscle measures to discriminate second hip fracture
vs. first hip fracture and first hip fracture vs. no fracture. De-
spite the excellent discrimination of a first hip fracture by the
combined muscle and bone models (AUC 0.959–0.965), the

Figure 2 Kaplan–Meier curves for probability of second hip fracture by low vs. high parameter values using median as cut-points. (A) G.MaxM area, (B)
G.MaxM density, (C) G.Med/MinM density, (D) FN CortThick, (E) TH aBMD, (F) FN aBMD, (G) TR aBMD, and (H) IT aBMD. CI, confidence interval; HR,
hazard ratio.

Muscle density predicts second hip fracture risk 7

Journal of Cachexia, Sarcopenia and Muscle 2022
DOI: 10.1002/jcsm.12996



performance for discrimination of second hip fracture was
much poorer. Results for discriminating first hip fracture risk
were similar to our previous report (AUC 0.923–0.958) in a

propensity score matching case–control study.18 Therefore,
we hypothesize that the risk of second hip fracture is more
related to falls and not so much to bone strength and that

Table 2 Hazard ratios of continuous muscle and bone parameters in sex-specific SD decrease for risk of second fracture

Muscle and bone
parameters

Original analyses (45 vs. 221) Competing risk analysesa (45 vs. 249)

Unadjusted Adjustedb Unadjusted Adjustedb

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

G.MaxM area (cm2) 1.64 (1.19, 2.25) <0.01 1.32 (0.91, 1.91) 0.14 1.54 (1.15, 2.08) <0.01 1.27 (0.89, 1.80) 0.18
G.MaxM density (HU) 1.85 (1.36, 2.51) <0.01 1.49 (1.06, 2.10) 0.02 1.74 (1.27, 2.37) <0.01 1.43 (0.96, 2.12) 0.08
G.Med/MinM density (HU) 1.98 (1.47, 2.67) <0.01 1.68 (1.20, 2.35) <0.01 1.84 (1.42, 2.39) <0.01 1.61 (1.16, 2.23) <0.01
FN CortThick (mm) 1.07 (0.78, 1.49) 0.67 1.08 (0.76, 1.53) 0.68 1.07 (0.77, 1.49) 0.68 1.07 (0.74, 1.54) 0.72
TH aBMD (g/cm2) 1.80 (1.34, 2.42) <0.01 1.60 (1.11, 2.31) 0.01 1.72 (1.32, 2.25) <0.01 1.50 (1.09, 2.08) 0.01
FN aBMD (g/cm2) 1.38 (1.01, 1.87) 0.04 1.19 (0.86, 1.66) 0.30 1.35 (0.94, 1.94) 0.11 1.14 (0.78, 1.67) 0.50
TR aBMD (g/cm2) 1.81 (1.30, 2.52) <0.01 1.48 (1.01, 2.17) 0.04 1.71 (1.25, 2.34) <0.01 1.40 (0.97, 2.01) 0.07
IT aBMD (g/cm2) 1.77 (1.33, 2.36) <0.01 1.62 (1.13, 2.31) 0.01 1.71 (1.32, 2.22) <0.01 1.53 (1.13, 2.06) 0.01
bCSA (cm2) 1.59 (1.17, 2.15) <0.01 1.23 (0.88, 1.72) 0.22 1.54 (1.19, 1.98) <0.01 1.19 (0.89, 1.58) 0.25
ACT (cm) 1.49 (1.09, 2.04) 0.01 1.18 (0.83, 1.67) 0.37 1.45 (1.08, 1.93) 0.01 1.13 (0.80, 1.61) 0.49
CSMI (cm4) 1.35 (0.98, 1.85) 0.06 1.14 (0.83, 1.56) 0.41 1.35 (1.00, 1.82) 0.05 1.14 (0.89, 1.46) 0.32
Z (cm3) 1.28 (0.98, 1.66) 0.07 1.13 (0.83, 1.55) 0.42 1.28 (0.99, 1.65) 0.06 1.12 (0.86, 1.47) 0.40
BR 0.74 (0.56, 0.98) 0.04 0.87 (0.64, 1.18) 0.36 0.78 (0.60, 1.02) 0.07 0.92 (0.66, 1.28) 0.61

BMD, bone mineral density; CI, confidence interval; HR, hazard ratio; SD, standard deviance.
aAs for refracture risk, we did the competing risk analyses using cause-specific hazard models given that total deaths (n= 28) occurring in
the absence of refracture events are the competing risks. The Fine–Gray model was further adopted for analysing competing risks as sen-
sitivity analyses.

bAdjusted for age, sex, T2DM, and Parker Mobility Score prior to first hip fracture surgery.

Figure 3 Unadjusted and adjusted hazard ratios of second hip fracture per one SD increase of G.MaxM density (A) and G.Med/MinM density (B).
*Adjusted for age, sex, T2DM, and Parker Mobility Score prior to first hip fracture; SD, standard deviation; adj. FN refers to adjusted for femoral neck (FN)
aBMD; adj.TH refers to adjusted for total hip (TH) aBMD.
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the risk of falls is also highly impacted by other conditions
such as neurologic function and impairment of sight.

Strengths of our study are that all 302 hip fracture patients
included in the analysis had low-energy fractures, and all pa-
tients with incident hip fractures were scanned within 48 h,
which minimizes fracture-related changes of bone and mus-
cle tissues. Another strength was the availability of a rela-
tively healthy control group to compare the performance of
bone and muscle parameters and related models in
predicting first and second hip fractures. Finally, we used
the Parker Mobility Score to exclude those hip fracture pa-
tients with impaired mobility as we hypothesized that hip
fracture patients with poor or no mobility had a low risk of
second hip fracture.

This study has several limitations. There were no follow-up
measurements in the control group, and therefore, a predic-
tion of first fracture was not possible, but pooling the groups
from the CASH and CSHFE studies provided the possibility to
compare fracture discrimination. Follow-up of the CSHFE sub-
jects was performed after 4.5 years to ensure a high cumula-
tive incidence of second hip fracture, but earlier follow-up
measurements were not available. Third, CT scans of the hip
were performed at baseline and were not repeated, so data
on changes of bone and muscle parameters after first hip frac-
ture are lacking. Fourth, we did not perform a detailed assess-
ment of physical function, which may have added to a better
understanding of the causes of second hip fracture, in particu-
lar relating to falls. However, we did use the Parker Mobility
Score to exclude patients with poor mobility.

In conclusion, muscle density is an independent predictor
for risk of first and second hip fracture. The ability of BMD
and muscle parameters to predict second hip fracture is sig-
nificantly lower than for first hip fracture, suggesting a dif-
ferent causal mechanism for second hip fractures more re-
lated to falls. This could direct a stronger focus on the
prevention of falls in the second prevention of hip fracture

patients. In addition, our results emphasize the importance
of trochanteric aBMD over FN aBMD for the prediction of
second hip fracture. Together, our results may lead to a par-
adigm shift in the assessment of second hip fracture risk and
prevention.
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