
566  

ACR Open Rheumatology
Vol. 3, No. 8, August 2021, pp 566–572
DOI 10.1002/acr2.11302
© 2021 The Authors. ACR Open Rheumatology published by Wiley Periodicals LLC on behalf of American College of Rheumatology.
This is an open access article under the terms of the Creat​ive Commo​ns Attri​butio​n-NonCo​mmerc​ial-NoDerivs License, which permits 
use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or 
adaptations are made.

Appendicular Lean Mass, Grip Strength, and the 
Development of Knee Osteoarthritis and Knee Pain Among 
Older Adults
James S. Andrews,1  Laura S. Gold,1 Michael Nevitt,2 Patrick J. Heagerty,1 and Peggy M. Cawthon3

Objective. The association of sarcopenia with development of knee osteoarthritis (OA) or knee pain in older adults 
is uncertain. We examined the relationship of grip strength and appendicular lean mass (ALM) with the likelihood of 
developing knee OA and knee pain in older adults in the Health ABC (Health, Aging, and Body Composition) Study.

Methods. ALM and grip strength were assessed at baseline by dual-energy x-ray absorptiometry and handheld 
dynamometry, respectively. Incident clinically diagnosed, symptomatic knee OA, defined as new participant report 
of physician-diagnosed knee OA and concurrent frequent knee pain, and incident frequent knee pain over 5 years of 
follow-up were examined. Separate regression analyses, stratified by sex, modeled associations of baseline ALM and 
grip strength with the likelihood of incident clinically diagnosed, symptomatic knee OA and incident knee pain over 
follow-up, adjusting for covariates.

Results. Among the 2779 subjects without OA at baseline, 95 men (6.9%) and 158 women (11.3%) developed 
clinically diagnosed, symptomatic knee OA, and, among the 2182 subjects without knee pain at baseline, 315 men 
(28.3%) and 385 women (36.1%) developed knee pain over follow-up. Among men only, each SD decrement of 
ALM was associated with decreasing likelihood of incident knee OA (odds ratio [OR] per SD decrement: 0.68; 95% 
confidence interval [CI]: 0.47-0.97), and each SD decrement of grip strength was associated with increasing likelihood 
of incident knee pain (OR per SD decrement: 1.20; 95% CI: 1.01-1.42).

Conclusion. In older men, ALM and grip strength may be associated with the development of knee OA and knee 
pain, respectively.

INTRODUCTION

Knee osteoarthritis (OA) and knee pain are leading causes 
of impaired mobility and physical disability among older adults, 
with approximately 1 in 4 Americans over the age of 55 years 
reporting knee pain on most days in a month within the last 
year (1,2). Despite how common knee OA and knee pain are 
among older adults and their significant negative impact on 
these individuals’ physical functioning, there are relatively few 
known risk factors for the development of knee OA and knee 
pain. These risk factors include obesity, joint trauma or altered 

joint mechanics, female sex, and possibly race/ethnicity (1), of 
which only obesity and, in some cases, altered joint mechan-
ics are potentially modifiable. The identification of novel, poten-
tially modifiable risk factors for incident knee OA and knee pain 
among older adults could advance the understanding of the 
pathogenesis of OA in this population, improve physicians’ abil-
ity to risk-stratify patients, and ultimately facilitate the develop-
ment of preventive interventions.

Sarcopenia, or aging-related declines in muscle mass and 
strength, is strongly associated with development of physical 
disability and lower-extremity mobility impairment over time in 
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older adults (3–6); therefore, it may be an important and poten-
tially modifiable risk factor for the development of knee OA and 
knee pain in these individuals. Previous studies of the relation-
ship of muscle mass and strength with knee OA have tended 
to focus specifically on thigh muscles (primarily quadriceps and 
hamstrings) given their role in knee joint function and mechan-
ics, and observed trends have been conflicting or inconsistent. 
Thigh muscle size has not been associated with the develop-
ment of either symptomatic or radiographic knee OA among 
adults at risk for OA (7,8). In comparison, relationships between 
thigh muscle strength and the development of knee OA have 
been inconsistent. Lower quadriceps strength was associated 
with increasing risk of incident symptomatic, but not radio-
graphic, knee OA among adults aged 50 to 79 years at risk for 
OA in the Multicenter OA Study (9). However, among a subset 
of individuals with meniscal pathology from this same cohort, 
high quadriceps strength was associated with a lower risk of 
incident radiographic knee OA in women but not men and was 
not associated with risk of incident symptomatic OA in women 
or men (10). In contrast, in another cohort of adults aged 45 to 
79 years old at risk of knee OA in at least one knee, neither lower 
baseline thigh muscle strength nor declines in thigh muscle 
strength over time were associated with a risk of radiographic 
progression of early OA (11). Lastly, in this same cohort, lower 
thigh muscle strength was observed to be associated with an 
increased risk of incident radiographic knee OA in women but 
not in men; however, this relationship was attenuated after 
adjustment for differences in body mass index (BMI) (12).

The aim of this study is to examine the relationships of grip 
strength and whole body appendicular lean mass (ALM) (both 
commonly used measures of aging-related sarcopenia) with the 
likelihood of developing clinically diagnosed, symptomatic knee 
OA and knee pain in older adults.

PATIENTS AND METHODS

Participants. Data were obtained from the first 6 years of 
the Health ABC (Health, Aging, and Body Composition) Study, 
a prospective cohort study of the relationships between body 
composition and changes in physical function among older 
adults. Details of the Health ABC Study have been previously 
published (13). Briefly, white and Black individuals aged 70 to 79 
years were recruited from April 1997 to June 1998 from a sam-
ple of Medicare beneficiaries living in Pittsburgh, Pennsylvania, 
and Memphis, Tennessee (13). In order to be eligible, individu-
als had to report no difficulty walking one-quarter mile, climbing 
10 steps, or performing basic activities of daily living (ADLs). A 
total of 3075 men and women were included in the Health ABC 
Study.

Measures. Muscle. At baseline, in Health ABC Study Year 
1, the following were assessed: ALM and grip strength. ALM 
was assessed by whole body dual-energy x-ray absorptiometry 
(DXA) according to a standardized procedure (13). Briefly, ALM 
represents the sum of lean mass from all four extremities. DXA 
is a commonly used method of assessing body composition, 
including lean mass, in clinical outcomes research among older 
adults, such as the Health ABC Study from which the data for 
the current study derive (3,4). In general, DXA has good repro-
ducibility and is sensitive to small changes in body composition 
(13). The precision errors ±1 SD are 1.0 kg for fat mass and 
0.8 kg for lean tissue mass (14). Grip strength was assessed by 
Jamar dynamometer according to a standardized procedure in 
which two trials were conducted in each hand and the maximum 
grip strength recorded in any single trial was used as the value 
for grip strength (15). Assessment of grip strength by Jamar 
dynamometer has high inter-rater reliability in older adults (intr-
aclass correlation coefficient = 0.91-0.95) (16). Low (versus not 
low) ALM and low grip strength were calculated on the basis of 
published definitions of clinically relevant low lean mass and low 
grip strength (4). For men, low ALM was defined as less than 
19.75 kg and low grip strength was defined as less than 26 kg. 
For women, low ALM was defined as less than 15.02 kg and low 
grip strength as less than 16 kg.

Knee OA and knee pain. Incident clinically diagnosed, 
symptomatic knee OA and knee pain were assessed in Health 
ABC Study Years 2 to 6. Incident clinically diagnosed, sympto-
matic knee OA was defined as new 1) participant report that a 
physician has ever told them that they have OA or degenerative 
arthritis of the knee and 2) self-report of knee pain on most days 
of the last month or knee pain lasting for more than 1 month 
in the past 12 months. This definition of knee OA was used to 
facilitate comparison with other large epidemiologic studies of 
knee OA (17,18). Knee pain was defined as self-report of knee 
pain most days of the last month or knee pain lasting for more 
than 1 month in the past 12 months (19).

SIGNIFICANCE & INNOVATIONS
•	 Prior studies of relationships between muscle mass 

or muscle strength and the development of knee 
osteoarthritis (OA) have not examined the associ-
ations of lean mass and grip strength, commonly 
used measures of aging-related sarcopenia, with 
the incidence of knee OA or knee pain.

•	 Among older men, but not women, higher base-
line appendicular lean mass (ALM) was associated 
with increased risk of incident clinically diagnosed, 
symptomatic knee OA, and lower baseline grip 
strength was associated with increased risk of inci-
dent knee pain.

•	 Among older men, but not women, ALM and grip 
strength may be important risk factors for the de-
velopment of clinically diagnosed, symptomatic 
knee OA and knee pain, respectively.
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Other variables. Sociodemographic variables (age, sex, 
and race) and BMI were assessed in Health ABC Study Year 
1. Prevalent medical comorbidities (non-skin cancer, pulmonary 
disease, cardiac disease, cerebrovascular disease, and diabe-
tes mellitus) were assessed annually in Health ABC Study using 
a standard algorithm combining participant report and medical 
record review (15). Chronic oral glucocorticoid and nonsteroi-
dal anti-inflammatory drug (NSAID) use was assessed annually 
in the Health ABC Study using a standardized approach (20). 
Physical activity was assessed annually in the Health ABC Study 
as self-reported number of minutes of walking per week (ex-
pressed as kCal/kg/week).

Statistical analysis. Primary analyses. All analyses were 
stratified by sex because the relationship between body com-
position and development of clinically diagnosed, symptomatic 
knee OA or knee pain likely differs by sex (10,12). Separate 
logistic regression analyses modeled the association between 
baseline ALM or baseline grip strength and the likelihood of 
incident 1) clinically diagnosed, symptomatic knee OA or 2) 
knee pain at the end of follow-up with and without adjusting 
for covariates (race, baseline age, baseline BMI, walking per 
week, NSAID use, oral glucocorticoid use, and prevalent med-
ical comorbidities). Baseline ALM and grip strength were ana-
lyzed as both continuous and categorical (low versus not low) 
variables. Because death and loss to follow-up were relatively 
rare (in the knee OA group, 166 [12.0%] men and 95 [6.8%] 
women died and 65 [4.7%] men and 87 [6.2%] women were 
lost to follow-up; in the knee pain group, 139 [12.5%] men 

and 80 [7.5%] women died and six [0.5%] men and 10 [0.9%] 
women were lost to follow-up), those who died or were lost 
prior to the end of follow-up were considered as not having 
developed the outcomes in the primary analyses. For contin-
uous measures of ALM and grip strength, odds ratios (ORs) 
are expressed per SD decrement in the predictor variable. To 
assess the correlation between ALM and grip strength, we cal-
culated Pearson correlation coefficients.

Sensitivity analysis. To examine whether the association 
of baseline grip strength or ALM with the likelihood of clinically 
diagnosed, symptomatic knee OA or knee pain at the end of 
follow-up is affected by loss to follow-up and death, those indi-
viduals who died or were lost prior to the end of follow-up were 
excluded, and analyses were repeated.

RESULTS

Participant characteristics. A total of 3075 men and 
women were included in the Health ABC Study. Those missing 
ALM or grip strength (men, n = 61; women, n = 76) and those 
with prevalent clinically diagnosed, symptomatic knee OA (men, 
n = 45; women, n = 114) or knee pain (men, n = 315; women, 
n = 441) at baseline were excluded, leaving 1385 men and 1394 
women for the knee OA analysis and 1115 men and 1067 women 
for the knee pain analysis. Participant baseline characteristics 
for men and women are shown in Table 1. Overall, men and 
women in both the knee OA and knee pain groups had a mean 
age of approximately 74 years old, were slightly more likely to be 
white than Black, and had an average BMI of approximately 27 

Table 1.  Participant baseline characteristics stratified by sex

Characteristics

Men Women

Knee OA Group 
(n = 1385)a

Knee Pain Group 
(n = 1115)

Knee OA Group 
(n = 1394)a

Knee Pain Group 
(n = 1067)

Age, years, mean ± SD 73.8 ± 2.9 73.8 ± 2.8 73.5 ± 2.9 73.5 ± 2.8
White race, n (%) 869 (62.7) 699 (62.7) 747 (53.6) 596 (55.9)
BMI, mean ± SD, kg/m2 27.0 ± 3.9 26.7 ± 3.8 27.5 ± 5.4 27.0 ± 5.2
ALM, mean ± SD, kg 23.9 ± 3.6 23.7 ± 3.6 16.6 ± 3.1 16.3 ± 3.0
Grip strength, mean ± SD, kg 37.5 ± 8.6 37.7 ± 8.6 22.7 ± 6.0 22.9 ± 6.0
Walking, mean ± SD, kCal/kg/wk 9.0 ± 19.9 9.6 ± 21.3 6.5 ± 14.7 6.4 ± 12.5
Low ALM,b n (%) 159 (11.5) 145 (13.0) 475 (34.1) 402 (37.7)
Low grip strength,b n (%) 84 (6.1) 68 (6.1) 116 (8.3) 77 (7.2)
Use of NSAIDs,c n (%) 236 (17.0) 161 (14.4) 322 (23.1) 217 (20.3)
Use of oral glucocorticoids,c n (%) 19 (1.4) 16 (1.4) 39 (2.8) 32 (3.0)
Prevalent comorbidities, n (%)

Malignancy 360 (26.0) 294 (26.3) 246 (17.7) 199 (18.7)
Pulmonary disease 158 (11.4) 114 (10.2) 156 (11.2) 121 (11.3)
Cardiac disease 414 (29.9) 324 (29.1) 242 (17.4) 166 (15.6)
Cerebrovascular disease 94 (6.8) 74 (6.6) 103 (7.4) 75 (7.0)
Diabetes mellitus 230 (16.6) 177 (15.9) 198 (14.2) 150 (14.1)

Abbreviation: ALM, appendicular lean mass; BMI, body mass index; NSAID, nonsteroidal anti-inflammatory drug; OA, 
osteoarthritis.
a All individuals in the knee pain group are included in the knee OA group. 
b Low ALM: men, <19.75 kg; women, <15.02 kg. Low grip strength: men, <26kg; women, <16 kg (4). 
c NSAIDs include Cox-2 inhibitors. Glucocorticoids include cortisone, dexamethasone, fludrocortisone, hydrocortisone, 
methylprednisolone, prednisone, triamcinolone, betamethasone, and prednisolone. 



APPENDICULAR LEAN MASS, GRIP STRENGTH, AND KNEE OA IN OLDER ADULTS |      569

kg/m2. Among men, the percentage with low ALM was 11.5% 
in the knee OA group and 13% in the knee pain group, whereas 
among women the percentage was 34.1% in the knee OA group 
and 37.7% in the knee pain group. Among men, the percentage 
with low grip strength was 6.1% in both the knee OA and knee 
pain groups, and among women the percentage was 8.3% in the 
knee OA group and 7.2% in the knee pain group. The most com-
mon medical comorbidities at baseline among men and women in 
both groups were malignancy and cardiac disease. Among men, 
the percentage reporting chronic NSAID use was 17% in the knee 
OA group and 14.4% in the knee pain group, and among women 
the percentage was 23.1% in the knee OA group and 20.3% in 
the knee pain group.

Association of baseline ALM and grip strength on 
development of knee OA and knee pain. A total of 95 men 
(6.9%) and 158 women (11.3%) developed clinically diagnosed, 
symptomatic knee OA, and 315 men (28.3%) and 385 women 
(36.1%) developed knee pain over follow-up. Among men, base-
line ALM was associated with the likelihood of incident clinically 
diagnosed, symptomatic knee OA such that, for each SD decre-
ment in ALM, the adjusted odds of knee OA decreased by 32% 
(OR: 0.68; 95% CI: 0.47-0.97) (Table 2). In addition, among men, 
baseline low ALM (compared with not low ALM) was associated 
with an adjusted OR for incident clinically diagnosed, sympto-
matic knee OA of 0.21 (95% CI: 0.05-0.87). Lastly, among men, 
baseline grip strength was associated with the likelihood of inci-
dent knee pain such that for each SD decrement in grip strength 
the adjusted odds of knee pain increased by 20% (OR: 1.20; 
95% CI: 1.01-1.42). Among women, baseline ALM and grip 
strength measures were not statistically significantly associated 
with either incident clinically diagnosed, symptomatic knee OA or 
knee pain. Supplementary Tables 1A and 1B depict the unad-
justed and stepwise adjusted ORs for the association of baseline 
ALM or grip strength measures with the likelihood of incident clin-
ically diagnosed, symptomatic knee OA or knee pain. Lastly, the 

correlation coefficient (r) between ALM and grip strength in our 
sample is 0.35 among women and 0.41 among men.

Sensitivity analysis. When men and women who died or 
were lost to follow-up prior to the end of the study period were 
excluded from the analysis, the overall trends were unchanged. 
Lower ALM (as a continuous measure) and low ALM (as a cate-
gorical measure) were each associated with a lower likelihood of 
incident clinically diagnosed, symptomatic knee OA in men only, 
and lower baseline grip strength (as a continuous measure) was 
associated with increased risk of knee pain in men only (Supple-
mentary Table 2).

DISCUSSION

In this cohort of older men and women, ALM and grip strength 
were associated with risk of clinically diagnosed, symptomatic 
knee OA and knee pain, respectively, among men but not women. 
Even when adjusting for covariates, including BMI, physical activ-
ity, and medication use, higher ALM and lower grip strength were 
associated with increased likelihood of incident clinically diag-
nosed, symptomatic knee OA and knee pain, respectively, over 
5 years of follow-up in older men but not older women. These 
findings suggest that differences in muscle mass and strength, 
such as in ALM and grip strength, in older adults may be rele-
vant, albeit modest, risk factors for the development of clinically 
diagnosed, symptomatic knee OA and knee pain in older men. To 
our knowledge, this is among the first studies to demonstrate an 
association of lower grip strength, a key component of sarcopenia 
in older adults, with the development of knee pain. Given the fre-
quency of knee pain and its significant contribution to decreased 
physical function in older adults, these findings suggest that fur-
ther examination of grip strength as a risk factor for the develop-
ment of knee pain in older adults (in particular, older men) could 
facilitate efforts to prevent this important source of physical disa-
bility for these individuals.

Table 2.  Odds ratios and 95% confidence intervals for the effect of baseline ALM or grip strength on the likelihood of 
incident clinically diagnosed, symptomatic knee OA or knee pain over the first 5 years of follow-up in the Health ABC Study, 
stratified by sex

Men Women

Knee OA Cohort 
(n = 1385)

Knee Pain Cohort 
(n = 1115)

Knee OA Cohort 
(n = 1394)

Knee Pain Cohort 
(n = 1067)

ALM,a kg 0.68 (0.47-0.97)b 0.93 (0.74-1.18) 1.12 (0.76-1.65) 0.76 (0.56-1.05)
Grip strength,a kg 1.00 (0.76-1.32) 1.20 (1.01-1.42)b 1.14 (0.83-1.55) 1.07 (0.84-1.37)
Low ALM (yes/no)c 0.21 (0.05-0.87)b 0.82 (0.52-1.28) 0.94 (0.59-1.50) 0.88 (0.63-1.22)
Low grip strength (yes/no)c 1.08 (0.45-2.60) 1.17 (0.68-2.02) 1.32 (0.73-2.38) 1.49 (0.92-2.41)

Abbreviation: ALM, appendicular lean mass; OA, osteoarthritis.
All models are adjusted for race, baseline age, baseline body mass index, walking per week, nonsteroidal anti-inflammatory 
drug use, oral glucocorticoid use, and prevalent comorbidities (malignancy, pulmonary disease, cardiac disease, cerebro
vascular disease, and diabetes mellitus).
a Odds ratios are expressed per SD decrement in the predictor variable. 
b Bold font indicates P < 0.05. 
c Low ALM: men, <19.75 kg; women, <15.02 kg. Low grip strength: men, <26 kg; women, <16 kg (4). 



ANDREWS ET AL570       |

Our findings corroborate prior studies in which relationships 
of body composition (specifically of muscle mass and strength) 
with knee OA differ between men and women. Although ours 
is the first study, to our knowledge, to examine the association 
between grip strength and incident clinically diagnosed, sympto-
matic knee OA, lower quadriceps muscle strength was associated 
with increased risk of incident radiographic knee OA in women, 
but not men, in two large observational cohort studies (10,12). In 
the present study, we similarly observed that decreased strength, 
assessed as grip strength, was associated with increased risk of 
incident knee pain (although not with clinically diagnosed, sympto-
matic knee OA); however, we identified this association in men but 
not women. With respect to muscle mass, women with both low 
ALM and high fat mass measured by DXA were at increased risk 
of incident radiographic knee OA compared with women with nor-
mal ALM and fat mass in the Multicenter Osteoarthritis Study (21). 
However, when obesity was instead defined by BMI rather than 
by a DXA-based definition, this association was observed only 
in men. Moreover, low ALM alone was not statistically significantly 
associated with incident radiographic knee OA, although the point 
estimates of the effects trended toward a protective effect in men 
but not in women, similar to our results. We also observed that 
the associations between DXA-based measures of lean mass 
with incident knee OA differed between men and women. To our 
knowledge, however, ours is the first study to identify a statis-
tically significant negative longitudinal association between ALM 
and incident clinically diagnosed, symptomatic knee OA in men or 
women. Ours is also the first study to identify a similar relationship 
between low ALM, defined using the foundation for the National 
Institutes of Health Sarcopenia Project’s definition of clinically rel-
evant low ALM, and incident clinically diagnosed, symptomatic 
knee OA in older men. Our findings suggest that further studies of 
sex-specific relationships of muscle mass and strength, such as 
ALM and grip strength, with incident clinically diagnosed, sympto-
matic knee OA and knee pain are needed.

The negative association that we observed between lower 
ALM and lower likelihood of incident clinically diagnosed, sympto-
matic knee OA in older men was not consistent with our hypoth-
esis that aging-related declines in ALM would be associated with 
an increased risk of knee OA. The observed protective association 
between ALM and clinically diagnosed, symptomatic knee OA 
persisted after adjustment for BMI, suggesting that this potential 
relationship between ALM and incident knee OA may be sepa-
rate from the well-established strong association between higher 
overall body mass and higher risk of incident knee OA (1). Never-
theless, as with any observational study, various potential threats 
to the validity of this observed association remain. Although we 
adjusted for medication (NSAID and glucocorticoid) use, physical 
activity (walking), and medical comorbidities, further unmeasured 
confounders may be responsible for the observed, protective 
association. We also acknowledge the limitations of assess-
ing lean mass by DXA as a surrogate measure of muscle mass. 

DXA does not directly measure lean mass, only fat mass and 
bone mass. Lean mass is then calculated by subtracting fat mass 
and bone mass from total body mass. Lean mass, which includes 
not only muscle but also water and connective tissue, is then 
taken as an approximation of skeletal muscle mass. Others 
have hypothesized that the inconsistent relationships between 
lean mass measured by DXA and various physical function out-
comes in older adults may largely be due to the measurement 
error introduced by these inherent methodologic limitations (22). 
Moreover, greater measurement error in DXA-derived ALM may 
occur as body mass increases (23). This possible systematic bias 
could introduce spurious associations between ALM and knee OA 
or knee pain. Thus, we suggest interpreting the observed protec-
tive effect of ALM on the risk of clinically diagnosed, symptomatic 
knee OA in older men with caution and as hypothesis-generating. 
One hypothesis, which would require further study, is that sex-
specific metabolic processes, such as circulating steroid sex 
hormone levels, that affect both the loss of skeletal muscle mass 
and the risk of knee OA could contribute to this potential protec-
tive association between lower ALM and lower risk of clinically 
diagnosed, symptomatic knee OA in men. For example, circu-
lating sex hormones levels, such as those of androstenedione or 
estradiol, have sex-specific associations with lower risk of knee 
OA and arthroplasty (24,25). In addition, stratifying our analyses 
by sex could also introduce spurious associations. However, we 
adopted this sex-stratified approach because body composition 
and its relationship to functional outcomes, such as knee OA and 
knee pain, is thought to differ between men and women. Future 
studies, likely incorporating alternative methods of directly assess-
ing skeletal muscle mass in older adults, will be needed to further 
clarify potential relationships between ALM and incident clinically 
diagnosed, symptomatic knee OA in older men.

The observed relationship of grip strength with incident knee 
pain in older men may have important implications for the pre-
vention of disability and the promotion of healthy aging. Muscle 
strength, including grip strength, decreases with age as part of the 
normal aging process (3). Among the general population of older 
adults, these age-related declines in grip strength are strongly 
associated with various adverse physical function outcomes, 
including mobility impairment and ADL dependence (4–6). Knee 
pain is a leading cause of physical disability, including mobility 
and ADL impairment, in older adults (1). Therefore, identifying 
grip strength as a modest risk factor for the development of knee 
pain in older men has the potential to 1) help advance under-
standing of the potential contribution of muscle strength to the 
pathogenesis of knee pain and physical disability in older men, 
2) facilitate risk stratification of older male patients with respect to 
future likelihood of knee pain–related disability and thus improve 
our ability to apply existing interventions to those individuals most 
likely to benefit, and 3) ultimately aid in the development of novel 
strategies or interventions (such as strength training or improved 
nutrition) to prevent knee pain and knee pain–related disability in 
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this population. Lastly, grip strength, in particular, is a reliable (26), 
objective, and practical measure; therefore, it may be a particularly 
useful tool in both the clinical and research settings.

Although lower grip strength is not expected to be a direct 
cause of knee pain in older adults, these findings suggest that 
grip strength may be a useful surrogate measure of overall muscle 
strength in studies of knee pain in older men. Grip strength corre-
lates with muscle strength in other areas of the body. For exam-
ple, among all older adults in the Health ABC Study (from which 
the current study’s participants derive), grip strength is associ-
ated with leg extension strength (r = 0.40; P < 0.001 in men and 
r = 0.44; P < 0.001 in women) (27). Therefore, grip strength may 
have utility as a surrogate measure for age-related declines 
in muscle strength elsewhere in the body and as an outcome in 
studies aimed at reducing the risk of knee pain in older men by 
increasing total body strength with systemic interventions. In stud-
ies of knee pain, grip strength also has the advantage over leg 
extension strength of avoiding the potential confounding influence 
of knee pain on the assessment of leg strength.

Incident clinically diagnosed, symptomatic knee OA was 
relatively rare in our study, and the low event rate reduces the 
statistical power to detect associations with candidate risk fac-
tors. Nevertheless, we observed statistically significant associa-
tions between higher ALM measures and greater risk of incident 
clinically diagnosed, symptomatic knee OA. Incident knee pain, 
on the other hand, was common in this cohort of older adults, 
who had relatively preserved physical functioning. Despite all 
subjects being free of significant mobility and ADL impairment at 
baseline, as required by the eligibility criteria of the Health ABC 
Study, 32% of individuals (28% of men and 36% of women) in 
the present study newly developed knee pain during the 5 years 
of follow-up. This observation underscores the relevance of knee 
pain to healthy aging of older adults. As the global population 
ages, advancing our understanding of the pathogenesis of knee 
pain in older adults and developing effective strategies to prevent 
it both may be fundamental in improving physical health outcomes 
for a rapidly growing segment of the global community.

The present study has certain limitations. Most importantly, 
the measure of knee OA used in our study requires, in addi-
tion to the presence of active knee pain symptoms, self-report 
of physician-diagnosed knee OA. Report of knee pain symp-
toms most days of the last month is a standard method of defining 
symptomatic knee OA and knee pain dating back to the Fram-
ingham and NHANES (National Health and Nutrition Examination 
Survey) studies (19). The combination of self-report of physician 
diagnosis of knee OA and active knee pain symptoms was used 
to facilitate comparison with other large epidemiologic studies 
(17,18). However, self-report of physician-diagnosed knee OA in 
older adults may tend to under-report knee OA compared with 
definitions based on radiographs or symptoms (28,29). To address 
this potential limitation, we also examined the relationship of sar-
copenia measures with knee pain itself. Future studies will need to 

examine the relationship between sarcopenia and radiographically 
defined knee OA in this and other cohorts of older adults. Second, 
the Health ABC Study includes only nondisabled white and Black 
older adults; thus, it is unknown how our findings may general-
ize to other groups of older adults. Third, although all analyses 
are adjusted for history of cerebrovascular disease, specific data 
on history of hemiparesis or hemiplegia were not available. Lastly, 
assessing physical activity by self-report of walking per week, as 
done in the present study, may not capture all of an individual’s 
regular physical activity. Thus, our results may be influenced by 
unresolved confounding. Despite these limitations, the study has 
several strengths. One strength of the study is that it leverages 
a large, well-characterized cohort of older men and women. In 
addition, the measures of sarcopenia used in the current study, 
ALM and grip strength, are well-validated and commonly used 
and facilitate comparison with other studies of sarcopenia and 
functional outcomes in older adults.

In conclusion, we observed that, among older men, higher 
ALM and lower grip strength at baseline were associated with 
increased likelihood of incident clinically diagnosed, symptomatic 
knee OA and incident knee pain, respectively, over follow-up. 
Given the important negative effects of knee OA and chronic knee 
pain on physical functioning among older adults, these findings 
suggest that further studies, including using alternative non–
DXA-based methods of ascertaining skeletal muscle mass (such 
as magnetic resonance imaging, computed tomography, or D3-
creatine urinary dilution) should explore the relationship of ALM 
and grip strength with the development of knee OA and knee pain 
in older men and the potential for interventions targeting muscle 
strength to prevent knee pain for these individuals.
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