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Abstract

Background: Sarcopenia is often conceptualized as a precursor to loss of mobility, but its effect on recovery of mobility after a hip fracture is
unknown. We determined the prevalence of low muscle strength (weakness) after hip fracture using putative sarcopenia metrics (absolute grip
strength, and grip strength normalized to body mass index, total body fat, arm lean mass, and weight) identified by the Sarcopenia Definitions
and Outcomes Consortium (SDOC).

Methods: We examined two well-characterized hip fracture cohorts of community-dwelling older adults from the Baltimore Hip Studies
(BHS). The prevalence of muscle weakness was assessed using the SDOC cut points compared to published definitions at 2 and 6 months
postfracture. We assessed associations of 2-month weakness with 6-month walking speed <0.6 m/s and calculated the sensitivity and specificity
in predicting lack of meaningful change in walking speed (change < 0.1 m/s) at 6 months.

Results: Two hundred and forty-six participants (192 women; 54 men) were included; mean (SD) age of 81 (8) for women and 78 (7) for men.
At 2 months, 91% women and 78% men exhibited slow walking speed (< 0.6 m/s). SDOC grip strength standardized by weight (<0.34 kg
women, <0.45 kg men) was the most prevalent measure of weakness in men (74%) and women (79%) and provided high sensitivity in men
(86%) and women (84 %) predicting lack of meaningful change in walking speed at 6 months, although specificity was poor to moderate.
Conclusions: SDOC cut points for grip strength standardized to weight provided consistent indication of poor walking speed performance
post-hip fracture.
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In 2010, over 250,000 older adults (>65 years of age) were hos- disability, mortality, and nursing home admission over 12 months
pitalized for a hip fracture (1), and the number of hip fractures is postfracture, compared to age-matched controls (3).

expected to increase almost 12% in the United States between 2010 The amount and time of maximal recovery without a special
and 2030 (2). Hip fracture patients have significant increases in postfracture intervention varies by domain of function (4). Most
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functional gains are achieved by approximately 6 months but
additional small gains in some domains continue for as long as
14 months (4). Notably, 30%~-75% of patients fail to return to their
prefracture levels by 1 year after fracture (5-8).

Due to the acute nature of the hip fracture event, a sudden mo-
bility disability occurs after the fracture with associated changes
in body composition which may contribute to poor functional re-
covery. Loss of lean muscle mass and increases in fat mass have been
shown in women postfracture (9). Lean mass has not been shown
to influence functional performance in women postfracture (10,11),
but it did predict functional outcomes in men (12,13).

Sarcopenia has been operationalized with various clinical char-
acteristics, by the Foundation of the National Institutes of Health
Sarcopenia project (FNIH) (14), the International Working Group
on Sarcopenia (IWGS) (15), and the European Working Group on
Sarcopenia in Older Persons (EWGSOP) (16,17), each of which has
a different definition for clinical thresholds based on lean mass and
muscle strength. The thresholds from the FNIH predict mobility
disability in community-dwelling older adults. Given that hip frac-
ture patients experience a sudden mobility disablement, the utility
of these clinical thresholds for predicting improved walking speed
post-hip fracture is unclear.

CART analyses conducted by the Sarcopenia Definitions
and Outcomes Consortium (SDOC) in epidemiologic cohorts of
community-dwelling older adults identified five indices of muscle
strength and DXA-derived lean mass that were predictive of mo-
bility limitation (usual walking speed <0.8 m/s) (18). The pur-
pose of the present study was to assess the putative SDOC cut
points for muscle weakness (defined using absolute grip strength,
and grip strength normalized to body mass index, total body fat,
arm lean mass, and weight) in hip fracture cohorts at 2 months
postfracture. Another objective was to evaluate the sensitivity and
specificity of the five putative SDOC cut points and those for pub-
lished definitions of sarcopenia (14,16,19-22) in predicting lack of
clinically meaningful improvement in walking speed at 6 months
postfracture.

Methods

Participants

We examined two well-characterized study cohorts of
community-dwelling older adults who experienced a hip frac-
ture from the Baltimore Hip Studies (BHS) research program.
Study measures were obtained at baseline (within 15 days of the
hip fracture) and at 2 and 6 months postfracture. The two BHS
studies (BHS-4 and BHS-7) included in the analyses had the fol-
lowing measures: (i) Body composition measures by dual-energy
x-ray absorptiometry (DXA); (ii) Muscle strength by handgrip
dynamometry; and (iii) Usual walking speed measures attempted
on a 4 m course. Written informed consent was obtained from
participants or their proxies and both studies were approved by
the institutional review boards at participating institutions. The
present study also was reviewed and approved by the Institutional
Review Board at the University of Maryland School of Medicine.
For this analysis, low muscle strength from the 2-month post-hip
fracture visit was used, since that is when walking speed was first
collected. Follow-up data were obtained at 6 months post-hip
fracture. For the purpose of the longitudinal comparison, only
participants with walking speed data at both 2 and 6 months

postfracture were included.

Baltimore Hip Study—4 (BHS-4)

BHS-4 was a randomized controlled trial of exercise versus usual
care post-hip fracture designed to test the feasibility and efficacy of
a home-based Exercise Plus Program, administered by an exercise
trainer over the year after hip fracture (23). A total of 180 female hip
fracture patients, 65 years and older, were enrolled within 15 days of
the fracture from three area hospitals. Eligible patients with surgical
repair of a nonpathological hip fracture were community-dwelling
and walked without human assistance prior the fracture, were cogni-
tively intact, had no hardware in contralateral hip, and were deemed
safe to exercise. There were no differences by treatment group in
main hip fracture outcomes, including measures of physical function
(23); therefore, we pooled the data for this analysis and included
treatment group as a covariate. Nonmissing data from BHS-4 cohort
were available for 121 women.

Baltimore Hip Study—7 (BHS-7)

BHS-7 was a prospective observational study that frequency matched
(1:1) men and women on calendar time of hip fracture and hospital.
The sample comprised 339 hip fracture patients (171 women and
168 men), 65 years and older, who were community-dwelling with
surgical repair of a non-pathological hip fracture at one of the eight
study hospitals in the Baltimore area (24). Patients were excluded
if they were bedbound for 6 months prior to the fracture, weighed
greater than 300 pounds, or had hardware in the contralateral hip.
Participants were enrolled within 15 days post-hospital admission.
Nonmissing data from the BHS-7 cohort were available for 125 par-
ticipants (54 men and 71 women).

Measures

Body composition

BHS-4 and BHS-7 utilized local DXA facilities near the recruitment
hospitals and each participant was scanned on the same machine
type (Hologic or Lunar) for all study visits. Total body fat mass and
total soft tissue lean mass were acquired using standardized proto-
cols for whole-body DXA scans on Hologic machines (Waltham,
MA) in BHS-4 and three DXA facilities in BHS-7, and on Lunar
Prodigy machines (Madison, WI) in four DXA facilities in BHS-7
(25,26). Appendicular lean mass (ALM) was the sum of lean mass
from both arms and legs.

Grip strength

Grip strength was measured using a JAMAR handheld dynamom-
eter (Sammons Preston Rolyan, Bolingbrook, IL) (27). Both hands
were assessed and the maximal value across all trials was used.

Usual walking speed

Walking speed was determined on a 4-m course and defined as the
length of the walking course divided by the time required for the
participants to complete the course at their usual walking pace.
Slow walking speed (slowness) in hip fracture patients was defined
as walking speed < 0.6 m/s (28), the primary outcome at 6 months.
We chose this cut point for walking speed because very few patients
achieved the >0.8 m/s cut point and 0.6 m/s was viewed as a reason-
able speed to represent improvement since almost all patients were
below this level at 2 months. We also assessed for lack of clinic-
ally meaningful improvement in usual walking speed at 6 months,
where a small clinically meaningful improvement was defined as an
increase of at least 0.1 m/s from Month 2 (29).
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Statistical Analysis

Statistical analyses were performed using R version 3.1.1. Analyses
were stratified by sex and BHS cohort. Muscle strength cut points
were derived from the SDOC CART analyses and ROC curves that
were discriminative of slowness (walking speed <0.8 m/s) (18). We ap-
plied these cut points in hip fracture cohorts to determine prevalence
of muscle weakness, and its association with slow walking speed at
Month 6. We used logistic regression models to estimate odds ratios
(OR) and accompanying 95% confidence intervals (CI) for lack of
meaningful improvement in mobility (slowness defined as improve-
ment in walking speed <0.1 m/s) between baseline and follow-up.
We also assessed the sensitivity and specificity of the putative SDOC
cut points in predicting lack of clinically meaningful improvement in
walking speed (ie, persistent slowness) at 6 months. We then compared
the sensitivity and specificity of these new SDOC cut points to those
previously proposed by the FNIH Sarcopenia Project (14,19-22) and
the European Working Group on Sarcopenia Performance (16).

Results

Of the 519 participants considered for inclusion, 246 had gait speed
data at 2 and 6 months postfracture. Baseline (2 months post-hip frac-
ture) characteristics of the two cohorts of hip fracture patients are
shown in Table 1. At 2 months, the mean (SD) age of men in BHS-7
was 78 (7) years; the mean (SD) age of women in the two cohorts was
81 (8) years. Fifty percent of men were overweight or obese while 37%
of women in BHS-4% and 51% in BHS-7 were overweight or obese.
Approximately 90% of women in the two cohorts and 78% of men

had 2-month walking speeds slower than 0.6 m/s with mean walking
speeds slower in women (0.38 m/s) compared to men (0.45 m/s).

The prevalence of low muscle strength (weakness) cut points at
2 months postfracture, by BHS cohort and sex, as determined by
five SDOC candidate metrics and FNIH and EWGSOP sarcopenia
criteria are also shown in the lower section of Table 1. The number
below each threshold varied by definition and exhibited a wide range
in both men (25%-74%) and women (13%-85%). Across cohorts
and sex, the number below the threshold was greatest for both men
and women using grip strength normalized for weight derived by the
SDOC (74% men and 79% women). This prevalence was more than
double that derived by FNIH definitions. Overall, there tended to be
fewer men below the threshold for each cut point than women with
the exception of grip strength normalized for arm lean mass and for
total body fat (TBF) which had more than four times and two times
as many men than women below the cut point, respectively (69% vs
14% and 60% vs 28%).

Figure 1A displays the prevalence of slow walking speed by study
visit and sex, and Figure 1B shows the distributions of change in
walking speed from 2 to 6 months by sex and cohort. While there is
improvement in walking speed over time, 70% of BHS-4 participants
and 74% of BHS-7 participants still had walking speed <0.6 m/s at
6 months after the fracture. Approximately, 53% of participants in
both cohorts had a change in walking speed from 2 to 6 months that
was <0.10 m/s. While walking speed was somewhat greater among
men at 2 months, proportionately fewer men than women exhibited
meaningful improvements from 2 to 6 months; at 6 months, mean
walking speed was essentially equal among men and women.

Table 1. Baseline (Month 2) Characteristics of Hip Fracture Patients and Prevalence of Sarcopenia by Different Definitions

Men ‘Women
Characteristics BHS7 (n = 54) BHS4 (n = 121) BHS7 (n=71)
Age (years), mean (SD) 78 (7) 1(7) 81 (8)
Race, white (%) 48 (89) 116 (96) 66 (93)
Weight (kg), mean (SD) 80 (13) 2 (12) 65 (15)
Height (m), mean (SD) 1.78 (0.07) 6 (0.06) 1.58 (0.09)
BMI (kg/m?), mean (SD) 25.6 (4.1) 24 1(4.2) 26.1(6.2)
Underweight <25 (%) 50 (27/54) 3 (74/118) 49 (35/71)
Normal 25-29 (%) 35 (19/54) 6 (31/118) 28 (20/71)
Overweight 230 (%) 15 (8/54) 1(13/118) 23 (16/71)
Walking speed (m/s), mean (SD) 0.45 (0.21) 0. 36 (0.18) 0.39 (0.18)
Walking speed <0.6 m/s (%) 78 (42/54) 92(111/121) 90 (64/71)
Grip (kg), mean (SD) 32.3 (11) 16.5 (4.1) 19.8 (14.4)
Grip/BMI (m?), mean (SD) 1.3 (0.52) 0.69 (0.2) 0.77 (0.52)
Grip/TBEF, mean (SD) 1.89 (1.93) 0.97 (0.57) 0.98 (0.90)
ALM (kg), mean (SD) 20.9 (3.3) 14.5 (2.2) 14.6 (3.2)
Sarcopenia Definition Cut point (n=153) Cut point (n=116) (n=71)
SDOC Grip (%) <35.5 (64) <20.0 (82) (63)
SDOC Grip/BMI (%) <1.05 (32) <0.79 (72) (58)
SDOC Grip/TBF (%) <1.66 (60) <0.65 (23) (32)
SDOC Grip/Arm lean mass (%) <6.08 (69) <3.26 (15) (13)
SDOC Grip/Weight (%) <0.45 (74) <0.34 (85) (72)
FNIH Grip (%) <26.0 (25) <16.0 (45) (32)
FNIH Grip/BMI (%) <1.00 (30) <0.56 (26) (28)
EWGSOP* (%) — (65) — (55) (51)

Note: ALM = appendicular lean mass; BMI = body mass index; Grip = grip strength; TBF = total body fat.
*EWGSOP based on low lean mass (ALM/ht? <7.23 and 5.67 kg/m? in men and women, respectively) plus low strength (grip strength < 30 and 20 kg in men

and women, respectively) and/or performance (walking speed < 0.8 m/s).
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A Table 2. Associations (OR) of SDOC Sarcopenia Candidate Metrics
Prevalence of Slow Walking Speed (< 0.6 m/s) by Study Visit and Sex with SIOW Walking Speed (<060 m/s) at 6 mo
10 OR (95% CI)
0.97 0.97
09 L 092 56 oo * Month 2 Definition Men Women
e 0.86
083 083 Absolute Grip 4.14 (1.17,15.57)* 1.83 (0.91, 3.63)
08 678 s Grip/BMI 4.22(1.12,20.82)* 3.20 (1.64,6.31)***
078 Grip/TBF 7.71 (1.89, 36.77)** 3.00 (1.41, 6.88)**
07 | 070 0.70 o Month 6 Grip/arm lean mass 4.67 (1.12,20.64)* 2.44 (0.94, 7.62)
0.66 0.67 Grip/weight 9.60 (2.50,42.39)** 2.26 (1.07,4.74)*
0.62
06 0.58 Note: BMI = body mass index; CI = confidence interval; Grip = grip strength;
OR = odds ratio; TBF = total body fat. The OR compares those below the cut
05 ! Women, BHS4 Wormen, BHS7 Men, BHS? point with those above the cut point.
*p<.05; **p <.01; ***p < .001.
B

Change in Walking Speed, Month 2 to Month 6

———= Clinically meaningful increase

Women, BHS4: 53% Women, BHS4: 47%

Men, BHS7: 57% Men, BHS7: 43%

Figure 1. Prevalence of slow walking speed by study visit, and sex (A) and
change in walking speed, Month 2 to Month 6 (B). (A) Month 2 in grey and
Month 6 in black. 95% confidence intervals are also shown. (B) Kernel density
estimates of change in walking speed from Months 2 to 6 are depicted for
each cohort. The proportions of each cohort achieving and failing to achieve
clinically meaningful increases (0.1 m/s or greater) in walking speed between
Months 2 and 6 are noted. One-way “rug” displays at the bottom demarcate
measured changes in walking speed at the participant level.

Of the SDOC candidate metrics, grip strength normalized to
weight was associated most strongly with slowness (walking speed
< 0.6 m/s) at 6 months in men (OR: 9.60; CI 2.50-42.39; Table 2).
While this metric was also significant in women (OR: 2.26; CI 1.07-
4.74), grip strength normalized to BMI had the strongest association
(OR: 3.20; CI 1.64-6.31). OR also showed a high association of grip
strength normalized to TBF in both men (OR: 7.71; CI 1.89-36.77)
and women (OR: 3.00; CI 1.41-6.88) with slow walking speed at
Month 6. Grip strength adjusted for body size (ie, weight, TBF, BMI)
always performed better than absolute grip strength.

Table 3 provides the results of the longitudinal sensitivity and
specificity analyses that evaluated lack of clinically meaningful
change in walking speed (<0.10 m/s) for each metric from 2 to
6 months. Overall, the SDOC metrics performed better in both men
and women for predicting those with a lack of clinically meaningful
improvement in walking speed compared to the FNIH or EWGSOP
definitions. In particular, SDOC grip strength normalized to weight
had the best sensitivity in men (86%) and women (84% in the
combined cohorts) in predicting who will not exhibit a clinically

meaningful walking speed improvement. In men, grip strength
standardized by body size also had high sensitivity (arm lean mass
[82%] or TBF [79%]) as did absolute grip strength (78%). While
SDOC grip strength standardized by BMI had poor sensitivity, it
had the highest specificity (80%). The metrics above with the highest
sensitivity had specificity ranging from 50% to 67%.

Among women in combined cohorts, SDOC grip strength ad-
justed for weight had the highest sensitivity (84 %). Grip strength ad-
justed for BMI (77%) or absolute grip strength (76 %) also had good
sensitivity and were better predictors than the FNIH or EWGSOP
definitions. None of these cut points had specificity values above
53%. In contrast, specificity was highest for SDOC grip strength ad-
justed for arm lean mass (93%) or TBF (84%), as well as for FNIH
grip strength adjusted for BMI (85%).

Discussion

In this analysis of hip fracture cohorts with high prevalence of slow
walking speed, we found that SDOC grip strength relative to weight
was the most consistent metric across the analyses in men and women
after hip fracture for muscle weakness and for predicting mobility
disability. It provided the highest prevalence of muscle weakness at
2 months post-hip fracture and it was a significant predictor of poor
gait speed performance at 6 months, either sustained slow walking
speed (<0.6 m/s) or lack of clinically meaningful improvement in
walking speed (change < 0.10 m/s). Overall, SDOC muscle weakness
definitions based on low grip strength, absolute or adjusted to body
size, were better predictors of poor gait speed at 6 months than the
cut points used by FNIH and EWGSOP.

There were some sex differences in the sensitivity and specificity
of the various weakness and low lean mass metrics in hip fracture
patients. Among the SDOC metrics, grip strength measures consist-
ently had high sensitivity in men with adjustment for body weight,
arm lean mass or total body fat, improving on absolute grip strength
slightly. In contrast, the specificity was higher when SDOC grip
strength was adjusted for BMI or TBE or with the FNIH absolute
grip strength or adjusted for BMI metric. Similarly, in women, the
sensitivity of SDOC grip strength measures (adjusted for weight or
BMI or absolute grip strength) consistently performed better than
the FNIH or EWGSOP metrics. The only SDOC measures with
relatively high specificity were grip strength adjusted for arm lean
mass or TBE The FNIH grip strength (absolute or adjusted for BMI)
also had high specificity. The variable performance of the metrics
overall and by sex is likely due to the fact that the cut points were
derived from community-dwelling older adults, rather than from
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Table 3. Sensitivity/Specificity of Various Definitions in Predicting Lack of Clinically Meaningful Improvement in Walking Speed at 6 mo

(change in walking speed <0.10 m/s)

BHS4 BHS7
Definition Cut point Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)
Men
SDOC Grip <35.5 — — 78 (29/37) 3(8/15)
SDOC Grip/BMI <1.05 — — 51 (19/37) 0 (12/15)
SDOC Grip/TBF <1.66 — — 79 (27/34) 7 (8/12)
SDOC Grip/arm lean mass <6.08 — — 82 (28/34) 0(6/12)
SDOC Grip/weight <0.45 — — 86 (32/37) 0(9/15)
FNIH Grip <26.0 — — 35 (13/37) 0 (12/15)
FNIH Grip/BMI <1.00 — — 1(15/37) 0 (12/15)
EWGSOP* — — — 63 (22/35) 6 (6/13)
‘Women
SDOC Grip <20.0 2 (68/83) 6 (13/36) (37/54) 5(6/17)
SDOC Grip/BMI <0.79 9 (63/80) 7 (17/36) 4 (40/54) 3(9/17)
SDOC Grip/TBF <0.65 5(25/72) 4 (26/35) 8 (25/43) 3 (13/14)
SDOC Grip/arm lean mass <3.26 2 (16/72) 6 (30/35) 1(9/43) 100 (14/14)
SDOC Grip/weight <0.34 6 (71/83) 5(9/36) 1 (44/54) 1(7/17)
FNIH Grip <16.0 2 (43/83) 7 (24/36) 8 (26/54) 1(12/17)
FNIH Grip/BMI <0.056 1(25/80) 1(29/36) 39 (21/54) 8 (15/17)
EWGSOP* — 8 (41/71) 1(18/35) 0(13/43) 4 (2/14)

Note: BMI = body mass index; Grip = grip strength; TBF = total body fat.

*EWGSOP based on low lean mass (ALM/ht? <7.23 and 5.67 kg/m? in men and women, respectively) plus low strength (grip strength < 30 and <20 kg in men

and women, respectively) and/or performance (walking speed < 0.8 m/s).

male and female hip fracture patients. We know, for example, that
men with hip fracture have higher grip strength, and have propor-
tionately more lean mass, higher weight and BMI, and are less likely
to be underweight than are women with hip fracture. The impaired
status of hip fracture patients raises the question as to whether hip
fracture-specific metrics are needed. On the other hand, cut points
that define nearly everyone with hip fracture as “slow” or “weak”
may be appropriate given the impaired function of these individuals.

The lack of specificity probably reflects that the injury was to
a lower extremity and a measure of leg strength might be more
sensitive and specific; however, an important consideration for
developing clinical tests used to determine the likelihood of a clinic-
ally meaningful improvement in walking speed is that it can be easily
applied in a busy “real-world” practice setting. These results show
that obtaining DXA measures of lean mass do not provide better
prediction of gait speed improvement than grip strength adjusted
for weight. Also, the SDOC absolute grip strength measure does not
perform well in men or women post-hip fracture and adjustment for
body size is necessary in this subpopulation. Researchers and clin-
icians working with hip fracture patients are encouraged to consider
SDOC grip strength/weight thresholds in men and women as having
good sensitivity for identifying patients whose walking ability is un-
likely to improve at 6 months. This is a particularly important point
for most hip fracture patients as standard post-hip fracture rehabili-
tation ends around this time even though significant mobility dis-
ability remains.

Although sarcopenia has been shown to be a risk factor for
falls and fractures, including hip fracture (30), the prevalence of
sarcopenia in the acute post-fracture period varies greatly, from 12%
(31) to 95% (13) in men and 18% (31) to 68% (32
depending on the definition used. Previous FNIH cut points were

) in women,

discriminative of mobility disability in community-dwelling older
adults; however, those thresholds may be inadequate for older
adults with preexisting mobility limitations (33). In this study, the

prevalence of muscle weakness below the SDOC cut points was
higher at 2 months postfracture than cut points used in the FNIH or
EWGSOP sarcopenia definitions, with the grip strength/weight cut
point providing the highest prevalence for men and women (74%
and 79%, respectively) versus 28% and 33% for the FNIH cut
points or EWGSOP

A few studies have examined the relationship of sarcopenia, either
using published definitions or components of sarcopenia such as lean
mass and/or strength, with short-term post-hip fracture outcomes. Di
Monaco and colleagues assessed lean mass and function in hip fracture
patients within a rehabilitation hospital setting. Low lean mass by DXA
was significantly associated with poorer functional outcomes in men, but
not in women (11,12). Gonzalez-Montalvo and colleagues found that
the EWGSOP sarcopenia definition was associated with greater func-
tional loss, in crude models during the acute hospital stay (31). Similarly,
the FNIH sarcopenia definition was associated with worse functional
status at discharge from an acute rehabilitation hospital and at 3-month
follow-up (34). Over longer follow-up periods, grip strength was asso-
ciated with worse disability outcomes over 12 months post-hip fracture
and lean mass was not (10,35).

There is some logic to the use of sarcopenia measures involving
grip strength without a measure of body composition after hip frac-
ture. Prior research indicates that grip strength and upper body task
performance do not change very much over the year after hip frac-
ture (36) while lower body tasks and aspects of body composition
such as lean body mass, TBE, and BMI, are more likely to be af-
fected by the fracture and its sequelae and are changing as a result of
the fracture and subsequent recovery over time. Thus, grip strength
adjusted for body size using weight is a sensible metric as a static
marker at 2 months predicting subsequent walking ability. If the
interest is in how changes in body composition affect gait and other
lower extremity tasks, different measures that are reflective of these
changes may be more appropriate and may prove useful to target
mechanisms for interventions.
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Because we sought to analyze within-participant change in
walking speed, we were limited in including only those who had gait
measurements at both 2 and 6 months postfracture. For this reason,
a substantial number of participants were not included in the ana-
lytic sample (see Methods). Though comparisons of those included
to those excluded did not reveal a systematic difference (data not
shown), we nevertheless cannot guarantee that these results would
have been replicated had all BHS-4 and BHS-7 participants been
observed over the entire study period. Due to the small number of
fast walkers at 2 months, we were not able to assess the effect modi-
fication of participants’ initial walking speed on the trajectory of
continued recovery to 6 months. Another limitation was the analytic
approach used to derive the SDOC cut points could not develop race/
ethnicity-specific cut points, which may ultimately be necessary for
defining sarcopenia. Additionally, the cohorts of hip fracture patients
were mostly white, but population-based studies of hip fracture have
shown a lower incidence of hip fracture in African Americans (37).
Finally, there were some study characteristics that varied between
the BHS-4 (RCT) and BHS-7 (observational) cohorts, mainly due
to the more stringent eligibility criteria for the RCT, although the
women are remarkably similar in the two cohorts (Table 1).

In summary, we have evaluated SDOC cut points for low
muscle strength in hip fracture patients. Consistent with previous
attempts to define clinically relevant thresholds for low muscle
strength (14,17), this analysis showed that cut points inclusive of
grip strength adjusted for weight in men and women assessed at
2 months postfracture are predictive of slow walking speed perform-
ance (walking speed <0.60 m/s), and accurately identify those who
do not have a clinically meaningful improvement in walking speed
from 2 to 6 months. Analyses also demonstrated that a measure of
lean body mass or body composition is not necessary for predicting
gait speed performance. SDOC grip strength/weight thresholds are
sensitive indicators of poor gait performance over 6 months post-hip
fracture.
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