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Abstract

Objectives—Maintaining regular physical activity (PA) delays the onset of functional disability 

and preserves mobility later in life. This study examined prospective associations between changes 

in PA and changes in physical performance measures (PPMs) over 6-years in older women.

Design—Prospective Cohort Study

Setting—Forty clinical centers in the United States

Participants—Women aged 65 years and older (mean, 69.8 y) enrolled in the Women’s Health 

Initiative Clinical Trials with gait speed, timed chair stand, grip strength, and self-reported 

recreational PA data assessed at baseline (1993–1998) and at follow-up years 1, 3 and 6 (N=5092).

Measurements—Mixed effects linear regression models described the association between 

time-varying PA and change in each PPMs. Potential interactions between time-varying PA and 

age (<70 y; ≥70 y) were also tested.

Results—Significant, dose-response associations between PA and improvements in all PPMs 

were observed over the 6 y follow-up after adjusting for important covariates. Compared to 

sedentary women (<100 MET-min/wk), high PA groups (≥1200 MET-min/wk) had better grip 

strength (0.48 kg higher; P<0.01), more chair stands (0.35 more; P<0.001) and faster gait speeds 

(0.06 m/s faster; P<0.001). Higher PA levels were associated with a greater increase in chair stands 

in women aged ≥70 y (P<0.001) than the younger group (Pinteraction for age=0.014).

Conclusions—In post-menopausal women, maintaining high PA levels over time is associated 

with benefits in lower extremity function, compared to remaining sedentary. These data support 

the view that regular PA plays an important role in maintaining functional status during aging in 

older women.

Keywords

mobility disability; physical performance; physical activity; postmenopausal women; 
epidemiology

INTRODUCTION

The number of Americans aged ≥ 65 y is expected to increase to 88.5 million (56% women) 

by 2030, which may increase the public health burden of chronic illnesses, injuries, 

functional limitations and disabilities.1 Age-related mobility impairments may also 

compromise quality of life, thus, maintaining physical function may be of particular 

importance in older people. There is, therefore, considerable interest in the links between 

performance-based measures of physical function and frailty, loss of physiological reserves, 

likelihood of illness, and premature mortality among older adults.2 Physical activity (PA) 

has been identified as a behavioral, intra-individual determinant of disablement in older 

adults and is considered a primary determinant of preventing functional limitations.3,4 PA 

has also been purported to enhance health and improve functional outcomes, including 

skeletal muscle strength, endurance, and aerobic capacity,3,5 and thus, may be instrumental 

in minimizing or preventing mobility disability in older adults.3,4,6
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Despite reported benefits of PA on physical function and quality of life in older adults,7,8 

few studies have examined late-life PA longitudinally, beyond its relationship to chronic 

disease and overall morbidity.2,8,9 To date, most studies have been cross-sectional,10,11 

based on baseline PA levels, or of short duration. How changes in PA levels over time relate 

to changes in physical functioning over an extended follow-up is unclear in older women. 

The Women’s Health Initiative (WHI) cohort provided the opportunity to evaluate the 

prospective relationships between 6-year changes in PA and physical performance measures 

(PPMs) of balance, mobility (gait), and muscle strength, in post-menopausal women.

METHODS

Study Population

The WHI study design, eligibility criteria, data collection, and outcomes ascertainment and 

adjudication have been published.12,13 In brief, 161,808 postmenopausal women (aged 50–

79 y, mean age 63 y) were recruited at 40 U.S, clinical centers between 1993 and 1998 to 

enroll in one or more of three clinical trials (CT: menopausal hormone therapy, diet 

modification, and calcium/vitamin D supplementation) or an observational study (OS). The 

study population for the present analysis arose from a random sample of 5962 (25%) older 

CT women (age ≥ 65 y) who completed performance-based physical function tests at 

baseline, 5520 of whom had data for self-reported PA and three specific PPMs (i.e., timed 

walk speed, single/repeated chair stand, and hand grip strength). Of these, 348 were 

excluded for not having at least 1 follow-up measure of each PPM, and an additional 80 

were excluded for lacking an accompanying PA report at year 3 or 6, resulting in a final 

analytic sample size of 5092 women, all of whom provided informed consent. Protocols 

were approved by appropriate institutional review boards.

Measures

Assessment of recreational PA in the WHI has been described previously.14,15 In brief, PA 

was assessed by questions on the frequency and duration of walking and recreational 

activities, and summarized as PA energy expenditure using standardized metabolic 

equivalent (MET) intensity values, computed as the product of days per week, minutes per 

day, and MET score for each activity.16 MET intensity values were assigned for strenuous, 

moderate-, and light-intensity activities as 7, 4, and 3 METs, respectively, based on the most 

recent Compendium of Physical Activities (2011).17 Four speed categories were used: less 

than 2 mph (casual strolling or walking, 2.0 MET), 2–3 mph (average or normal walking, 

3.0 MET), 3–4 mph (fairly fast walking, 4.0 MET), or more than 4 mph (very fast walking, 

4.5 MET). Information on walking and recreational PA was used to generate a summary 

total PA variable in MET-hr/wk (which multiplied by 60 can then be converted to MET-min/

wk). Women were classified into four PA groups at baseline, year 3, and year 6, separately: 

sedentary, which included women reporting no recreational PA or very low PA levels (<100 

MET-min/wk), low PA (100–<500 MET-min/wk), moderate PA (500–<1200 MET-min/wk), 

and high PA (≥1200 MET-min/wk). As stated in a prior WHI report,14 achieving a minimum 

of 500 MET-min/wk meets current national guidelines to engage in at least 150 min/wk of 

moderate-intensity PA (i.e. the minimum health-related dose of activity recommended by the 

2008 US Physical Activity Guidelines).18
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Standard PPMs were assessed at baseline and at years 1, 3, and 6 by trained, certified study 

staff using standard protocols. The reliability, sensitivity to change, and predictive validity of 

timed gait speed (m/s), chair stand (number) and grip strength (kg) have been published.19,20 

Gait speed was assessed by measuring the time in seconds that it took to complete a 6-meter 

walk, performed at usual pace, using ambulatory aids as needed. The test was repeated, and 

the faster of the two measured times was included in this analysis. Chair stands were 

conducted if the participant was able to stand at least once, without using hands or arms, 

from a straight-backed, non-padded, flat-seated, armless chair. The number of chair rises 

able to be performed in 15 seconds was measured to assess lower extremity muscle strength 

and balance. Two 15-second trials of repeated chair stands were performed with arms folded 

across the chest, with a 1–2 minutes rest between trials, and the score with the greater 

number of chair stands was included in this analysis. Grip strength, tested on the dominant 

hand, measured voluntary muscle strength using a hydraulic hand grip dynamometer (Jamar 

hand dynamometer; Lafayette Instruments, Lafayette, IN). The participant was instructed to 

squeeze the handle of the dynamometer as hard as she could during two trials, with staff 

coaching, and the higher score was used in this analysis. Baseline demographic 

characteristics, medical history and self-reported general health, falls in the past 12 months, 

and depression were collected via standard self-report assessments at baseline. Self-reported 

physical functioning was assessed by SF-36 subscale of the Rand-36 (SF-36).21 

Anthropometrics were assessed at each clinic visit. BMI was calculated as weight (kg) / 

height (m)2. Data collection methods are described elsewhere.13

Statistical Analysis

Baseline demographic and health characteristics were compared across categories of self-

reported PA using chi (χ2) tests and ANOVA for categorical and continuous variables, 

respectively. The primary outcomes were the changes from baseline in each of three PPMs: 

gait speed; chair stands; and grip strength. The primary independent variable of interest was 

self-reported PA at baseline and at years 3 and 6. PA was incorporated in a time-varying 

fashion using methods described previously.14 Briefly, for the difference in outcome at the 

year 1 clinical visit, baseline PA was used. Similarly, at the year 3 and year 6 visits, PA 

reported on year 3 and year 6 questionnaires, respectively, were used. Mixed effects linear 

regression analysis was applied to describe the association between time-varying PA and 

change in each PPM over the 6-year study period. This modeling approach accounts for the 

correlation of responses within a subject over time by including a subject-specific random 

intercept in the model. Adjustment for covariates were considered for any measures or 

characteristics, or reported clinical or medical factor present at baseline, that may potentially 

confound the relationship between PA and PPM, based on previous literature.14,22 Thus, 

three levels of covariate adjustment were applied to all models: Model 1 was adjusted for 

age at baseline, age at menopause, and baseline PPM (i.e., timed gait speed, chair stands, or 

grip strength); Model 2 was further adjusted for race/ethnicity, education, current 

employment, alcohol use, smoking, BMI, depression, and clinical trial arm(s); and Model 3 

was further adjusted for history of hypertension, diabetes, cardiovascular disease, and 

arthritis.

Laddu et al. Page 4

J Am Geriatr Soc. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Likelihood ratio tests were used to assess potential interactions between time-varying PA 

and race/ethnicity or age (<70 y; ≥70 y). Sensitivity analyses were employed excluding 

women who reported having a disease that may affect physical functioning, namely walking 

ability or speed (about 15% of sample excluded): emphysema, angina, myocardial infarction 

(MI), peripheral arterial disease (PAD), transient ischemic attack (TIA), Parkinson’s disease, 

multiple sclerosis (MS), and amyotrophic lateral sclerosis (ALS). Statistical analyses were 

conducted using Stata 14.1 (StataCorp, College Station, TX); all reported P-values are two-

sided.

RESULTS

At baseline, women were on average (mean ± SD) 69.8 ± 3.7 y (range, 65–81 y), 23.0% 

women were categorized as sedentary, 30.4% as having low PA levels, 27.5% as moderate 

PA levels; and 19.1% as high PA levels. Of note, among women in the sedentary group, 69% 

(n=807) reported engaging in 0 MET-min/wk of PA. Women in the sedentary or low PA 

groups reported earlier onset of menopause, larger waist circumference, and higher BMI, 

than higher-PA groups (see Supplementary Table S1; all P < 0.01). Sedentary and low PA 

women self-reported lower physical functioning, and a greater proportion of these women 

reported having fair or poor health and history of hypertension, diabetes, cardiovascular 

disease, and arthritis compared to moderate and high activity PA groups (all P < 0.01).

Overall, participants reported significant increases in PA, averaging 38.6 (± 684) MET-

min/wk, from baseline to the 1-year follow up (P=0.001); whereas, at year 6, self-reported 

PA levels decreased on average by 28.6 (±776) MET min/wk from baseline (P=0.012; see 

Supplementary Table S2). Trajectories in PA differed across assessments depending on 

initial reported PA level (Figure 1). Women in moderate and high baseline PA groups 

decreased activity significantly over time (P<0.001); whereas, women in sedentary and low 

baseline PA groups reported higher activity levels at years 1, 3 and 6 (all P <0.001), yet 

reported substantially lower levels than the women in moderate and high baseline PA groups 

at all time points.

Positive changes in each PPM assessed were associated with time-varying PA over the 6-

year follow-up (Table 1). Although the greatest gains in PPMs were seen in the high PA 

women, even those in the low-PA group (100 to < 500 MET-min/wk) had higher PPM 

measures than sedentary women over the 6 year follow-up. Specifically, the adjusted OR 

(95% CI) for low-PA and high-PA groups showed 0.29 (0.02–0.55) and 0.48 (0.15–0.80) kg 

better grip strength, respectively, than sedentary women. Likewise, compared to sedentary 

women, low-, moderate-, and high-PA women had 0.14 (0.06–0.23), 0.28 (0.19, 0.37), and 

0.35 (0.25–0.46) more chair stands, respectively, and 0.02 (0.01–0.03), 0.04 (0.02, 0.05), and 

0.06 (0.04–0.07) m/s faster gait speed.

There was a significant interaction between time-varying PA and age (each as continuous 

variables) on the number of chair stands (Pinteraction for age = 0.014), but not grip strength or 

gait speed. The association between time-varying PA and chair stands was subsequently 

stratified by mean age of 70 y (Table 2). The positive association between time-varying PA 

and chair stands appeared to be larger in women ≥70 y than women <70 y, with older, high-

Laddu et al. Page 5

J Am Geriatr Soc. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PA women demonstrating 0.48 (0.32–0.65) more chair stands compared to sedentary women 

(P<0.001). In contrast, among women aged <70 y, high-PA women showed a more modest 

0.24 (0.11–0.38) increase in chair stands than sedentary women (P<0.001).

Sensitivity analyses that excluded women with personal history of emphysema, angina, 

PAD, MS, ALS, MI, TIA, did not substantially change the results (data not shown).”

DISCUSSION

In this analysis of women initially aged 65–79, positive associations between time-varying 

self-reported recreational PA and three key physical performance measures, i.e. grip 

strength, chair stands, and gait speed over 6 years were demonstrated, independent of several 

potential confounding variables. In particular, an increase in PA was associated an increased 

number of chair stands in 15 seconds across the age continuum, particularly in women aged 

70 and over. Unfortunately, physical inactivity generally increases with age,4,23,24 especially 

in older women.7,8 In the present study, maintaining PA, compared to a drop in PA at all 

levels, was also associated with improved physical functioning over time.

In one of the largest follow-up studies to date, Brach et al. showed that women who were 

reportedly “always active,” assessed during a 14-year period, had the highest functional 

status at the 14-year follow-up visit, compared to “never inactive” or “inconsistently active” 

women.8 The current study expands and confirms previous epidemiologic observations 

evaluating PA over time by measuring PA at multiple time points with accompanying PPMs 

at years 3 and 6. PA levels were categorized in terms of frequency, duration and intensity 

represented as MET-min/wk (i.e., energy expenditure), making it relevant to national PA 

guidelines.18 These results could help guide future intervention studies that aim to increase 

physical function by encouraging more frequent PA at MET intensity levels that are 

appropriate to and achievable by older women.

Whereas a 1-year change (usually a decline) of 0.1m/s in 6–meter gait speed is considered to 

be clinically meaningful,25 the modest increases in gait speed (0.02–0.06 m/s) with higher 

PA have not yet been similarly validated. Slower sit-to-stand times have previously been 

related to greater deficits in instrumental activities of daily living and to balance disorders in 

older adults.26 Along these lines, our robust association between increased PA and improved 

chair stand performance over time among women ≥70 y than women <70 y is unique such as 

it suggests that late-life PA maintained during aging may be associated with better lower 

extremity proprioception, strength, and balance outcomes26. Other large cohort studies have 

shown that higher levels of PA performed midlife were associated better lower extremity 

function and mobility in older adults (70 y and older)6,8,11Although retrospective PA data 

was not included in these analyses, it possible that women ≥70 y initiated PA earlier in life 

and continued PA throughout older adulthood, translating into greater lower-extremity 

functional status. Likewise, improved chair stand performance may have been derived from 

daily chores, housework or family care that are not traditionally considered (or reported) as 

PA. Future research should focus on establishing whether chair stands and grip strength are 

also similarly predictive of daily life impairments. A recent study involving 17 countries 

showed that 1-SD decrease in grip strength was a significant prognostic indicator of 
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cardiovascular mortality, even stronger than systolic blood pressure, in older adults over a 4-

y follow-up.27 Health outcomes of this type may be related to increases grip strength, chair 

stands and walking speed increases like those observed in the low and high PA groups, 

compared to sedentary women and will be examined in the WHI. Some support comes from 

a cross-sectional analysis in 60–64 year olds showing that lower chair rise performance or 

lower grip strength was significantly associated with several chronic diseases.28 Of course, 

low PA levels may be due to a greater preponderance of physical limitations and/or health 

problems which increase sedentary behavior. In the present study, women in the sedentary 

and low-PA groups had a higher prevalence of hypertension, diabetes, cardiovascular 

disease, and arthritis at baseline compared to moderate- and high-PA women and although 

we adjusted for these conditions, we cannot address the causative nature of the relationships. 

However, sensitivity analyses were performed, excluding of women (approximately 15% of 

the study sample) with reported history emphysema, angina, PAD, MS, ALS, MI, TIA and 

results did not substantially change (data not shown). For this reason, we did not explore 

adjustment for these clinical events during follow-up. Nonetheless, our data are consistent 

with the hypothesis that maintaining even low PA during aging could attenuate age-

associated, modifiable chronic diseases. For example, regular walking of 8 blocks per week 

was shown to be protective against further mobility loss in functionally limited women (≥ 65 

y) and was associated with improved usual gait speed over one year.9 Thus, while 

engagement in regular moderate-to-vigorous PA may be associated with more optimal 

changes in functional status, engaging in regular PA at lower levels also appears to confer 

modest benefits in functional capacity in older women.

Strengths & Limitations

The prospective 6-year follow-up and availability of multiple standardized clinical PPMs 

and PA data in a large, well-characterized cohort of women aged 65–79 y are clear strengths 

of this analysis; however self-reported recreational PA is limited by recall and desirability 

biases, which may lead to misclassification of activity levels.23 For example, in the present 

study, bias associated with self-reporting PA may explain the increase in activity levels over 

the 6 year follow-up among the sedentary PA group; conversely, the change in PA levels 

among the sedentary group may wrongly be attributed to a true increase, and may instead be 

caused by regression to the mean at the individual or group level. Although the WHI 

Physical Activity questionnaire was shown to have good reliability and validity,29 

corroborating the reported declines in PA with objective measures is recommended to further 

relate, according to dose (intensity, frequency and duration), to functional status changes in 

older women. PA in this cohort was primarily in the form of walking or other recreational 

aerobic activity so the role of muscle-strengthening, stretching, and lower intensity aerobic 

exercise on PPMs is not clear. Further, relatively healthy post-menopausal women, 

potentially with higher functional status enrolled in the WHI clinical trials may limit how 

generalizable the results are to the general population (including men). Additionally, the 

study population consisted primarily of white women and results may therefore not be 

generalizable to individuals of other race and ethnic backgrounds. Finally, despite 

controlling for many potential variables, residual confounding may influence our observed 

associations between PA and PPMs.
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Conclusion

In conclusion, improved physical function over 6 years, as assessed by physical performance 

measures of gait speed, chair stands and grip strength, is associated with higher initial 

physical activity (PA) levels in women aged 65–79, increases in physical activity over time, 

and with maintenance of even low PA levels, compared to sedentary behavior. These data 

support the national recommendations for older women to increase or maintain PA levels as 

they age.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Self-reported physical activity levels across time, stratified by baseline physical activity 

category (MET-min/wk): Sedentary, < 100; Low, 100 to < 500; Moderate, 500 to < 1200; or 

High ≥ 1200. Change from baseline to year 6: < 100, 242 ± 455; 100 to < 500, 170 ± 545; 

500 to < 1200, –56.2 ± 692; ≥ 1200, –613 ± 1107; all P<0.05
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Table 1

Association between time-varying physical activity and change in physical function using mixed effects linear 

regression

Physical function
measure

Physical
activity
(MET-
min/wk)a

Model 1
β (95% CI)

Model 2
β (95% CI)

Model 3
β (95% CI)

Grip strength (kg)

< 100 Ref. Ref. Ref.

100 to < 500 0.31 (0.05, 0.57) 0.28 (0.01, 0.54) 0.29 (0.02, 0.55)

500 to < 1200 0.32 (0.05, 0.59) 0.25 (–0.03, 0.53) 0.25 (–0.03, 0.54)

≥ 1200 0.53 (0.22, 0.84) 0.49 (0.17, 0.81) 0.48 (0.15, 0.80)

Chair stands (n)

< 100 Ref. Ref. Ref.

100 to < 500 0.20 (0.12, 0.28) 0.14 (0.06, 0.22) 0.14 (0.06, 0.23)

500 to < 1200 0.37 (0.28, 0.45) 0.29 (0.21, 0.38) 0.28 (0.19, 0.37)

≥ 1200 0.45 (0.35, 0.55) 0.36 (0.26, 0.47) 0.35 (0.25, 0.46)

Gait speed (m/s)

< 100 Ref. Ref. Ref.

100 to < 500 0.02 (0.01, 0.04) 0.02 (0.01, 0.03) 0.02 (0.01, 0.03)

500 to < 1200 0.05 (0.04, 0.06) 0.04 (0.03, 0.05) 0.04 (0.02, 0.05)

≥ 1200 0.07 (0.06, 0.08) 0.06 (0.04, 0.07) 0.06 (0.04, 0.07)

CI, confidence interval

a
Sedentary (<100); Low (100 to < 500); Moderate (500 to < 1200); High (≥1200)

Model 1 adjusted for age at menopause, and baseline physical function measure
Model 2 further adjusted for race/ethnicity, education, current employment, alcohol use, smoking, BMI, depression, and clinical trial arm(s)
Model 3 further adjusted for history of hypertension, diabetes, cardiovascular disease, and arthritis
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Table 2

Association between time-varying physical activity and change in the number of chair stands, by agea

Physical activity
(MET-min/wk)b

Age <70 y
β (95% CI)

Age ≥70 y
β (95% CI)

< 100 Ref. Ref.

100 to < 500 0.10 (–0.01, 0.20) 0.19 (0.07, 0.32)

500 to < 1200 0.25 (0.13, 0.37) 0.31 (0.17, 0.44)

≥ 1200 0.24 (0.11, 0.38) 0.48 (0.32, 0.65)

CI, confidence interval

a
All estimates adjusted for Model 3 covariates: age at menopause, baseline physical function measure, race/ethnicity, education, current 

employment, alcohol use, smoking, BMI, depression, clinical trial arm, and history of hypertension, diabetes, cardiovascular disease, arthritis

b
Sedentary (<100); Low (100 to < 500); Moderate (500 to < 1200); High (≥1200)
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