
RESEARC
H ARTICLE
& 2017 American Journal of Preventive Medicine. Pu
reserved.
From the 1D
Public Healt
and Rehabili
3Institute fo
Michigan

Address c
Epidemiolog
University of
3rd Floor To

0749-3797
http://dx.d

blished by Elsevier Inc. All r
Cut Points for Clinical Muscle Weakness
Among Older Americans
Kate A. Duchowny, MPH,1 Mark D. Peterson, PhD, MS,2 Philippa J. Clarke, PhD1,3
Introduction: Muscle weakness is an important indicator of disability, chronic disease, and early
mortality. Grip strength is a simple, cost-effective measure of overall muscle strength. The
Foundation of the National Institutes of Health recently proposed sex-specific grip strength cut
points for clinical muscle weakness. However, these criteria were established using non�nationally
representative data. This study used nationally representative data on Americans agedZ65 years to
identify race- and sex-specific cut points for clinical muscle weakness and quantify prevalence
among older blacks and whites by sex.

Methods: Classification and Regression Tree models were used to identify cut points based on
individual-level grip strength associated with slow gait speed (o0.8 m/second) among 7,688
individuals (57% female; 8% black; mean age, 74.6 [SD¼6.79] years) from the 2010/2012 Health and
Retirement Study during January�April 2016. Identified cut points were then used to quantify the
prevalence of weakness by race/sex subgroup.

Results: Fifty-five percent of men (maximum grip strength o39 kg) and 47% of women
(maximum grip strength o22 kg) were classified as weak. Higher cut points were identified for
black men (maximum grip strengtho40 kg) and women (maximum grip strengtho31 kg), and the
prevalence of weakness (57% and 88%, respectively) was higher compared with whites. Fifty-five
percent of individuals had slow gait speed (o0.8 m/second).

Conclusions: Prevalence of weakness was substantially higher than previous reports, underscoring
the importance of using population-level data to identify individuals at greatest risk for adverse
health outcomes. This is the first study to establish cut points for muscle weakness in a nationally
representative sample by race and sex.
Am J Prev Med 2017;53(1):63–69. & 2017 American Journal of Preventive Medicine. Published by Elsevier Inc.
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Muscle weakness is a primary determinant of
age-related loss of function,1,2 and is associ-
ated with mobility disability,3–5 cardiovascular

disease,6 and mortality.7 Hand grip strength has been
shown to be a reliable and inexpensive surrogate for
overall muscle strength8,9 and is a robust prognostic
indicator of dynapenia, subsequent functional limita-
tions,3,5 and future disease status.6 Leong et al.6 found
grip strength to be a stronger predictor of all-cause and
cardiovascular mortality than systolic blood pressure.
The current recommendations used to classify older

adults as clinically weak were derived from grip strength
cut points developed by the Foundation of the National
Institutes of Health (FNIH) (25.99 kg for men and 15.92 kg
for women).10,11 However, these cut points were derived
from non�nationally representative, pooled data across
eight observational and six clinical trial studies that do
not reflect the growing racial and ethnic diversity in the
U.S. population.11 The primary objectives of the current
study were to establish race- and sex-specific cut points of
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grip strength from a nationally representative, racially
diverse sample of Americans agedZ65 years that can be
used to screen large populations for clinical muscle
weakness and to estimate the race- and sex-specific
prevalence of muscle weakness.

METHODS
Study Sample
Data were from the Health and Retirement Study (HRS), a
nationally representative, multistage area probability survey of
non-institutionalized, community-dwelling Americans aged Z51
years. Study details have been described previously.12 HRS is the
longest running longitudinal study of older Americans in the U.S.,
with consistent response rates of approximately 85%.12 Sampled
individuals have been re-interviewed biannually since 1992. New
cohorts have been added to the original sample to maintain the
nationally representative nature of the survey over time.12

Starting in 2006, a random one-half sample of HRS participants
was selected for an enhanced face-to-face interview that included
physical measurements (gait speed for those aged Z65 years and
hand grip strength), and the other random one-half completed the
same interview in 2008.13 Proxy interviews and nursing home
residents were ineligible to participate.

The latest cross-sectional waves of HRS data (2010/2012) were
used to identify cut points for clinical muscle weakness, herein
referred to as clinical weakness, in the most recent cohorts of older
Americans. The analytic sample comprised adults agedZ65 years
in 2010 (n¼4,898) and 2012 (n¼4,652), creating one cross-
sectional data set (n¼9,550). Excluding proxy interviews and
nursing home residents (n¼1,475), as well as those self-reporting
as “other” race (n¼387), resulted in a final analytic sample of 7,688
individuals.

The HRS was approved by the Behavioral Sciences Committee
IRB at the University of Michigan. The data used in this analysis
are publically available and contain no unique identifiers, thereby
ensuring respondent anonymity.
Measures
Hand grip strength was assessed using a Smedley spring-type hand
dynamometer (Scandidact, Odder, Denmark). Participants were
instructed to squeeze the device with the dominant hand as hard as
they could and then let go. Grip strength assessments were
administered while participants were standing with their arm at
their side, with the elbow flexed at a 90-degree angle.13 After one
practice trial, two measurements were taken with each hand,
alternating hands. The maximum measurement from the four
trials was used for the analysis.

Following existing work,1,10,11 slow gait speed was used as the
primary outcome for calibrating grip strength cut points for
clinical weakness. Gait speed was assessed using a timed walking
test administered by trained raters in participants’ homes.13

A space of approximately 12 feet in length was needed to set up
the walking course. Study participants were timed while walking at
their “normal pace” along an 8-foot course. Participants were
permitted to use a walking aid if they normally used one to walk.
The interviewer stopped the time as soon as the participant’s first
foot was completely past the tape marking the finish line and flat
on the floor. Two trials were administered and the average of the
two times was used to create a measure of usual gait speed (m/
second). A binary indicator of slow gait speed was created based on
a walking speed o0.8 m/second, which is highly predictive of
incident disability14 and mortality15 in both blacks and whites.15

Additionally, slow walking speed at o0.6 m/second was also
considered because previous work has also found a strong
relationship between this gait speed threshold and mortality
among community-dwelling adults.15

Missing data for gait speed (n¼832), for those with recent
surgery, injuries, or other health conditions (n¼125), feeling
unsafe (n¼222), or not having suitable space for the test
(n¼283) were imputed using the multiple imputation methods
in SAS, version 9.3 (PROC MI) with SE corrections performed
using PROC MIANALYZE.

All relevant covariates that FNIH used were included in the
models in order to replicate their study as closely as possible,11

including age, sex, self-reported race/ethnicity, number of chronic
conditions (a three-level summary score based on having less than,
at least one, or more than one self-reported medically diagnosed
chronic health condition [based on eight self-reported medically
diagnosed chronic health conditions, including: high blood pres-
sure, diabetes, cancer, lung disease, heart disease, stroke, psychiatric
problems and arthritis]), and BMI (weight in kg/height in m2).

Diagnostic properties of the grip strength cut points were
assessed by quantifying the sensitivity and specificity of weakness
corresponding to two clinically important outcomes: slow gait
speed and difficulty with activities of daily living (ADLs).16,17 ADL
disability was assessed using self-reported difficulty with six self-
care ADLs (eating, bathing, dressing, transferring, toileting, and
walking across a room).18 For each activity, difficulty was recorded
as present (i.e., difficulty with activity or cannot do at all) or absent
(no difficulty). A dichotomous variable was created to identify
participants that reported difficulty with one or more activities
versus none.
Statistical Analysis
Analyses were conducted from January to April 2016. Classifica-
tion and Regression Tree (CART) models were used to identify
grip strength cut points for clinical weakness that were associated
with slow gait speed (o0.8 m/second). Secondary models were
also run using a more conservative cut point of slow walking speed
at 0.6 m/second. Sex-stratified models were first run for men and
women. CART models recursively partition data to identify those
predictors with the strongest relationship, with the outcome based
on the criterion of minimum prediction error.19,20 Candidate
predictors entered into the model included: (1) maximum grip
strength; (2) number of chronic conditions; (3) age; and (4) BMI.
Individual models were run for each sex�race group. To avoid
over-fitting, cross-validation was employed for each of the sex- and
race-specific trees by randomly partitioning the data into ten
mutually exclusive data sets. Each fully grown tree was then
applied to each of the subsamples where the error variance was
obtained. All trees were then pruned based on established
recommendations21 to yield a final set of sex- and race-specific
grip strength cut points.

All statistical analyses were conducted using SAS, version 9.3
and R, version 3.1.2 using the rpart package.19 Differences between
groups who were weak versus non-weak were assessed using t-tests
www.ajpmonline.org
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for continuous variables and chi-square tests for categorical
variables. Descriptive analyses were weighted using HRS sampling
weights and statistical significance was assessed with a two-tailed α
of 0.05.
RESULTS
The age, sex, and race breakdown of the sample is
consistent with that of Americans aged Z65 years based
on 2012 U.S. Census data.18 Table 1 presents the weighted
sociodemographic characteristics for all study participants.
Fifty-seven percent were women, 91% were white, and the
mean age was 75.2 years (range, 65–100 years).
Men had a higher overall mean grip strength (39 kg)

compared with women (22 kg) (po0.001). Black women
had significantly higher mean grip strength (24.5 kg)
compared with white women (22.1 kg) (po0.001);
however, no differences were found between black and
white men. Slow gait speed was highly prevalent in this
national sample, with455% walking slower than 0.8 m/
second. Among whites, 44% of men and 58% of women
had slow gait speed compared with 75% of black men and
87% of black women.
After running sex-specific CART models, a primary

split on race was identified, indicating that grip strength
cut points may differ across subgroups. As a result,
subgroup-specific models for black men, black women,
Table 1. Demographic Characteristics of Study Sample by Race
(n¼7,688)

Variables

Whites (n¼6

Men (n¼2,799) W

Age (years), M (SD) 75.5 (6.7)
Maximum grip strength (kg), M (SD) 37.8 (8.7)
Gait speed (m/second), M (SD) 0.83 (0.25)
Slow walking speed, na (%)b

Slow walkers (o0.8 m/second) 1,297 (44.0)
Normal walkers (Z0.8 m/second) 1,502 (56.0)

BMI, na (%)b

Underweight (o18.5) 19 (0.7)
Normal weight (18.5–24.9) 688 (23.5)
Overweight (25–29.9) 1,253 (45.1)
Obese (Z30) 830 (30.7)

ADL, na (%)b

0 2,289 (85.8)
1þ 410 (14.2)

Chronic conditions, na (%)b

No chronic conditions 178 (7.2)
At least 1 chronic condition 479 (18.0)
2þ more chronic conditions 2,141 (74.7)

aNumber of participants, unweighted.
bPercentage, weighted.
ADL, activities of daily living; HRS, Health and Retirement Study.
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white men, and white women were run. Results from the
CART models indicated that grip strength had the
greatest predictive power of slow gait speed, appearing
as the primary split in all models. The cut points and
prevalence estimates by sex are presented in Table 2,
along with the published cut points by FNIH11 for
comparison. Based on the HRS cut points, more than
half of this nationally representative sample of men and
women (55% of all men [o39 kg] and 47% of all women
[o22 kg]) were classified as weak, compared with 10%
and 12% for men (o25.99 kg) and women (o15.92 kg),
respectively, using the FNIH cut points. Cut points for
clinical muscle weakness based on a walking speed of 0.6
m/second are provided in Appendix Table 1, available
online).
Results from the CART models and associated prev-

alence estimates for the sex/race-specific subgroups are
presented in Table 3. Among whites, 37% of men (o35
kg) and 48% of women (o22 kg) were considered weak;
whereas among blacks, 57% of men (o40 kg) and 88% of
women (o31 kg) were categorized as weak. A visual
representation of each CART tree is presented in
Figure 1.
The HRS grip strength cut points were found to have

moderately high sensitivity and specificity with respect to
slow gait speed and ADL disability (Appendix Table 2,
available online). For slow gait speed, sensitivity of the
and Sex: HRS Participants Aged 65þ Years, 2010/2012

,628) Blacks (n¼1,058)

omen (n¼3,829) Men (n¼383) Women (n¼675)

75.4 (7.0) 73.6 (5.8) 73.9 (6.2)
22.1 (5.7) 37.2 (8.7) 24.5 (5.8)
0.75 (0.25) 0.67 (0.21) 0.59 (0.21)

2,249 (58.7) 287 (74.9) 582 (87.3)
1,580 (41.4) 96 (25.1) 93 (12.7)

89 (2.1) 7 (1.4) 10 (2.4)
1,319 (35.7) 100 (27) 129 (19.8)
1,289 (34.3) 151 (38.7) 228 (33.3)
1,067 (28.3) 123 (32.9) 303 (44.6)

3,175 (81.7) 317 (79.7) 490 (67.2)
654 (18.3) 66 (20.3) 185 (32.8)

212 (5.7) 21 (6.1) 17 (2.5)
678 (18.0) 68 (18.2) 85 (13.3)
2,939 (76.2) 294 (75.7) 573 (84.1)



Table 2. Comparing Grip Strength Cut Points for Muscle Weakness and Prevalence Estimates by Sex Between the HRS
and FNIH

Classification

All men (n¼3,182) All women (n¼4,506)

Cut point (kg) n (%)a Cut point (kg) n (%)a

HRS
Weak o39 1,845 (55) o22 1,998 (47)
Normal Z39 1,274 (45) Z22 2,317 (53)

FNIH
Weak o25.99 317 (10) o15.92 523 (12)
Intermediate Z25.99 554 (17) Z15.92 863 (20)
Normal Z31.83 2,248 (73) Z19.99 2,929 (68)

aWeighted percentages.
FNIH, Foundation of the National Institutes of Health; HRS, Health and Retirement Study.

Duchowny et al / Am J Prev Med 2017;53(1):63–6966
weakness cut points was 75% and 60% for white men and
women, respectively. Specificity was also moderately high
for white women (68%) andmoderate for white men (54%).
Sensitivity for black men (69%) and black women (90%)
was notably higher, whereas specificity was somewhat lower
for black men (65%) and women (29%). When comparing
individuals on both weakness and ADLs, moderately high
sensitivity and moderate specificity values for all subgroups
were identified, providing further support that grip strength
cut points were consistently identifying individuals with
impaired function.

DISCUSSION
This is the first study to identify grip strength cut points
for clinical weakness using nationally representative data
for older Americans. Findings indicate that muscle
weakness is highly prevalent in the U.S. population,
affecting more than half of men and women aged Z65
years, and cut points varied widely by sex and race. Even
when using the more conservative slow walking 0.6 m/
second speed criterion, prevalence estimates were still
high (from 22% to 58% across subgroups), especially
compared with prevalence estimates using the recom-
mended cut points proposed by FNIH.
Table 3. Cut points and Prevalence Estimates for Clinical Musc

Classification

HRS tota

White men (n¼2,799) Black men (n¼38

Cut point (kg) n (%) Cut point (kg) n

Weak o35 1,111 (37) o40 22
Normal Z35 1,639 (63) Z40 14

HRS, Health and Retirement Study.
Although there has been an ongoing debate in the
literature on the validity of different cut points for clinical
weakness,21 the FNIH cut points were intended for
clinical practice10 and are already being utilized in
research.22,23 The identified FNIH thresholds for grip
strength are markedly lower than those obtained using
population-based data, despite replicating their analysis
using the same outcome (gait speed o0.8 m/second)
with CART models. When quantifying the prevalence of
clinical weakness using the FNIH cut points for men
(o25.99 kg) and women (o15.92 kg) in the HRS data,
only 10% of men and 12% of women were classified as
weak. Using the FNIH cut points may, therefore, identify
only the weakest and frail individuals in the population.
There is always a trade-off between sensitivity and

specificity when cut points are assigned to a continuous
screening variable. However, from a public health and
prevention perspective, the choice to utilize a more
conservative cut point in the context of screening and
prevention may misclassify a large percentage of people
who are actually at risk for future adverse health outcomes.
Therefore, one can argue that it is far better to screen
aggressively and provide early opportunities for identifying
individuals that might actually benefit from a targeted
intervention in order to delay or prevent steeper declines in
le Weakness by Race/Sex in the HRS

l sample (N¼7,688)

3) White women (n¼3,829) Black women (n¼675)

(%) Cut point (kg) n (%) Cut point (kg) n (%)

3 (57) o22 1,794 (48) o31 557 (88)
5 (43) Z22 1,885 (52) Z31 78 (12)

www.ajpmonline.org



Figure 1. Classification and Regression Trees for clinical
muscle weakness by race/sex in the Health and
Retirement Study.
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function and health. And, as the cut points for clinical
muscle weakness proposed in this study were derived at the
population level, they have the potential to serve as a
valuable screening tool in identifying which segments of the
population are most vulnerable.
The grip strength cut points obtained for white men and

women are consistent with a recent population-based
survey in Finland, in which the association between grip
strength cut points (o37 kg in men and o22 kg in
women) and future incident mobility limitations was
examined.24 Similarly, research conducted by Cruz-Jentoft
and colleagues1 found that among community-dwelling
older adults in Italy, having a grip strengtho30 kg in men
ando20 kg in women was associated with slow gait speed
and an inability to walk 1 km without difficulty.
The results of this study show that grip strength cut

points varied markedly by race, resulting in substantial
differences in the prevalence of weakness by race and sex.
Compared with white men (o35 kg) and women (o22
kg), grip strength cut points for clinical weakness were
higher for black men (o40 kg) and women (o31 kg),
indicating slow gait speed at higher levels of muscle
strength. The accumulation of risks across the life
course25,26 may offset the strength advantage in blacks.
In addition, other competing risks may partly explain the
high prevalence of slow walking speed in blacks. Notably,
44% of black women and 33% of black men were obese in
this study, and weight status has been found to be an
important predictor of slow walking speed.27 Thus,
muscle strength may not confer the same level of
protection for functional health outcomes in obese
individuals. However, similar results were found when
using relative grip strength (grip strength/BMI) in the
CART models.
July 2017
The results presented in this study are the first to
address a critically important and stark health disparity
among older black Americans, a minority group that has
been largely overlooked in the muscle weakness liter-
ature, despite being at greater risk for physical function-
ing deficits and disability in later life.28 This work moves
the field forward in identifying race-specific cut points
while simultaneously shedding light on emerging health
disparities that, if left untreated, may lead to a dispropor-
tionate burden of disability among blacks.
This study has several notable strengths. First, a novel

statistical method in a nationally representative sample was
used to obtain sex-specific cut points of clinical weakness by
race. Although CART has been used in clinical research,
tree-based approaches have been largely underutilized
within observational epidemiology.29,30 Although variations
in body composition across racial and ethnic groups are
well established,31 this is the first study to examine racial
differences in muscle weakness in diverse sample of older
American adults. However, it should be noted that even
though the replication of previous work by FNIH was
carried out in this analysis, using slow walking speed as the
primary outcome variable in the CART models may not
have been ideal, particularly for black men and women,
given the high prevalence of slow walking speed in the
sample. Thus, future studies should focus on examining the
relationship between grip strength and alternative outcomes
when conducting muscle weakness research in a heteroge-
neous sample of older Americans.
In addition, using nationally representative data is an

important strength of this study because the results can
be generalized to American adults agedZ65 years, rather
than a select few. Given the emerging burden of weakness
at the population level, the use of nationally representa-
tive data provides a critical first step in screening efforts
used to identify individuals who may be at greatest risk,
and ultimately for determining where best to direct
preventive interventions. Previous work has derived cut
points from sample-specific distributions,1 and relied on
non-representative reference populations,3,32 or non-
�nationally representative, pooled data sources to estab-
lish definitions for weakness,11 all of which may not be
generalizable at the population level for identifying and
treating clinical weakness.

Limitations
Despite these strengths, this study is not without
limitations. The small sample size of other racial/ethnic
groups meant that there was not enough power to
explore muscle weakness cut points by other subgroups.
Future work is needed to examine grip strength cut
points for older Hispanics, as this is a rapidly growing
subgroup projected to increase by nearly 115% between
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2014 and 2060 in the U.S.33 Given the cross-sectional
nature of this analysis, the temporal relationship between
grip strength and gait speed could not be established.
Longitudinal data are needed to directly assess the
directional link between strength loss and mobility
impairment, and to test the validity of the cut points in
predicting negative health outcomes, such as mobility
disability and mortality in later life. The timed walk was
assessed by trained interviewers using home-based meas-
urements that may be subject to measurement error.
However, when using a more conservative criterion of 0.6
m/second for slow gait speed,31 29% of men and 22% of
women were classified as weak, which is still greater than
twice the prevalence identified using the FNIH cut
points.11 Lastly, one major driver of sarcopenia is the
subsequent loss in muscle mass.34 Appendicular muscle
mass could not be assessed in this study because body
composition measurements were not available in HRS.

CONCLUSIONS
Though further validation studies are needed, the results
of this study lay the groundwork in establishing cut
points that can serve as an easy and accessible clinical
tool for identifying individuals who may be at risk for
experiencing adverse health outcomes, including future
falls,35 incident disability,3,5 morbidity,6 and all-cause
mortality.6,7 Early identification of those at risk provides
the greatest opportunities for effective interventions (e.g.,
resistance training) aimed at increasing muscle strength.
Moreover, a high prevalence of both weakness and slow
gait speed in older Americans was observed, which
considered concurrently, have important implications
for future disability risk in the U.S. population. The
results presented in this study underscore the importance
of using population-level data to identify individuals at
greatest risk for adverse health outcomes.
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