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Falling significantly affects quality of life, morbidity, and mortality among older adults. We sought 

to evaluate the prospective association between sedentary time, physical activity, and falling 

among post-menopausal women aged 50–79 y recruited to the Women's Health Initiative 

Observational Study between 1993 and 1998 from 40 clinical centers across the United States. 

Baseline (B) and change in each of the following were evaluated at year 3 (Y3) and year 6 (Y6; 

baseline n=93,676; Y3 n=76,598; Y6 n=75,428): recreational physical activity (MET-h/wk), 

sitting, sleeping (min/d), and lean body mass by dual energy X-ray absorptiometry (subset 

N=6,475). Falls per year (0, 1, 2, ≥3) were assessed annually by self-report questionnaire and then 

dichotomized as ≤1 and ≥2 falls/year. Logistic regression models were adjusted for demographics, 

body mass index, fall history, tobacco and alcohol use, medical conditions, and medications. 

Higher baseline activity was associated with greater risk of falling at Y6 (18%; p for trend 

<0.0001). Increasing sedentary time minimally decreased falling (1% Y3; 2% Y6; p<0.05). 

Increasing activity up to ≥ 9 MET-h/wk (OR: 1.12, 95%CI: 1.03-1.22) or maintaining ≥ 9 MET-

h/wk (OR: 1.20, 95% CI: 1.13-1.29) increased falling at Y3 and Y6 (p for trend <0.001). Adding 

lean body mass to the models attenuated these relationships. Physically active lifestyles increased 

falling among post-menopausal women. Additional fall prevention strategies, such as balance and 

resistance training, should be evaluated to assist post-menopausal women in reaching or 

maintaining levels of aerobic activity known to prevent and manage several chronic diseases.
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Introduction

The propensity to fall increases with aging, often due to other age related issues, such as 

impaired vision, balance, and mental acuity (Rubenstein, 2006). Although many falls result 

in minor injuries, approximately 10% will result in fractures which are associated with 

significant morbidity and mortality in the aged (Gillespie et al., 2012). Reductions in falls 

among community dwelling older adults engaging exercise interventions offers hope 

(Gillespie et al., 2012), as does the protection against fracture with higher baseline physical 

activity demonstrated in the Women's Health Initiative (WHI) (Robbins et al., 2007), but 

overall, the association between physical activity and falls in the literature has been 

inconsistent (Clarke et al., 2015). Physical activity patterns over time may prove to be more 

predictive of falls than exercise interventions or assessment of physical activity at a single 

time point. Longitudinal changes in physical activity and body composition, which may 

mediate the falls benefit of physical activity through preservation of muscle mass (LaStayo 

et al., 2003), are needed to better understand their independent and joint roles in falls risk. 

However, because prospective studies on older adults typically do not have repeated 

prospective measures on these factors, they have yet to be fully explored with respect to 

incidence of falling.

In the United States, physical activity decreases dramatically in adulthood, stabilizing at 

relatively low levels in middle aged women (Caspersen et al., 2000). Low levels of physical 

activity have been associated with decreased muscle mass (Morley et al., 2001). Meanwhile, 
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sedentary time, distinctly different than insufficient moderate to vigorous physical activity 

(Owen et al., 2010), increases with aging (Clark et al., 2010). High sedentary time may also 

aid in skeletal muscle decline and has been shown to be a risk factor for falling in studies 

with 1-2 years follow-up (Thibaud et al., 2012).

We sought to determine whether prospectively assessed physical activity patterns, including 

sedentary time, are associated with the risk of falling over several years and whether risk of 

falling is mediated by body composition. We hypothesized that decreasing physical activity 

over time would be associated with increased risk of falling among postmenopausal women 

(Figure 1). High sedentary time was also hypothesized to increase risk of falling.

Methods

Study Population

The WHI Study recruited postmenopausal women aged 50-79 y at 40 WHI clinical centers 

across the United States between 1993 and 1998 to four clinical trials and an observational 

study (1998; Hays et al., 2003). Only women enrolled in the observational study were 

included in this analysis (N=93,676); body composition was measured in those enrolled at 

the Pittsburgh, PA; Birmingham, AL; and Tucson-Phoenix, AZ sites (N=6,475) (Chen et al., 

2008). The protocol and consent forms were approved by each institutional review board at 

each site and all participants provided written informed consent. For the present study, 

measurements taken at baseline, year 3 and year 6 of follow-up were used. The average 

follow-up time for incident falls in this study was 54 months.

Physical Activity Assessment

The frequency, intensity, and duration of walking, as well as moderate and vigorous 

recreational physical activity, were assessed using a reliable and valid questionnaire. Test-

retest reliability was 0.67 - 0.71 (weighted κ coefficient) for individual physical activity 

variables on the WHI questionnaire and the questionnaire assessed activity levels correlated 

well with accelerometry (r=0.73) in a subset of the WHI. (Eaglehouse et al., 2016; Johnson-

Kozlow et al., 2007; Langer et al., 2003; Manson et al., 2002; Meyer et al., 2009; Nguyen et 

al., 2013). Energy expenditure (MET-h/wk) was computed, as previously published 

(Ainsworth et al., 2000; Sims et al., 2012).

Based on the continuous physical activity data, 4 categories of baseline physical activity 

were created: no physical activity (0 MET-h/wk), ≤ 3 MET-h/wk, 3.1 to 8.9 MET-h/wk, and 

≥ 9 MET-h/wk. Participants were classified as physically inactive (0 MET-h/wk), 

insufficiently active (>0 to < 9 MET-h/wk), and active (≥ 9 MET-h/wk of moderate-vigorous 

intensity physical activity) in approximate alignment with recommended physical activity 

levels (2008). Change in physical activity from baseline to year 3 and year 6 was categorized 

as follows.

a. change/inactive: remaining in the inactive or insufficiently active category at 

baseline and follow-up

b. increased activity: inactive or insufficiently active at baseline, but increased to ≥ 

9 MET-h/wk at follow-up
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c. active maintainer: maintained ≥ 9 MET-h/wk at baseline and follow-up

d. decreased/inactive: decreased physical activity categories from sufficiently active 

to insufficiently active or inactive, or decreased from insufficiently active to 

inactive category

Sedentary time was quantified separately by two questions in the questionnaire that asked 

how much time was spent sitting per day and lying down per day (hrs/d). Sedentary time is 

not equivalent to the inactive or insufficiently active terms above.

Anthropometry and Body Composition Assessment

Height and weight were measured without shoes on a wall-mounted stadiometer to the 

nearest 0.1 cm and balance-beam scale to the nearest 0.1 kg, respectively. BMI was 

calculated as weight (kg)/height (m)2. Body composition was determined by performing 

dual energy X-ray absorptiometry scans (DXA; QDR2000, 2000+, or 4500W; Hologic Inc, 

Bedford, MA) at 3 WHI clinical centers (Pittsburgh, PA; Birmingham, AL; and Tucson-

Phoenix, AZ), each using the rigorous WHI quality assurance program (Chen et al., 2005). 

Measurements included both whole body and regional bone mineral density, lean body mass, 

and fat mass. Calibration equations were developed when an older DXA machine was 

replaced with a newer model (QDR2000 to QDR4500W) (Chen et al., 2005). Participants 

who completed the baseline and at least year 3 or year 6 follow-up visits were included in 

this analysis.

Assessment of Falls

A self-report medical history questionnaire that included the following question was 

collected at baseline and by mail annually: “During the past 12months, how many times did 

you fall and land on the floor or ground: none, 1 time, 2 times, 3 or more times?” 

Participants were asked not to include falls due to sports activities such as snow- or water-

skiing or horseback riding.(Anderson et al., 2003)

Assessment of Covariates

Years since menopause were determined by last reported menstrual bleeding, time of 

bilateral oophorectomy, or initiation of menopausal hormone therapy. Self-report 

questionnaires were used to obtain information on demographics, medical history, 

medications, smoking and alcohol use, and prior hormone therapy use at baseline. Diet and 

physical function were assessed by a validated food frequency questionnaire (Block et al., 

1990) and the Medical Outcomes Study Scale (Ware and Sherbourne, 1992), respectively.

Statistical Analysis

Descriptive statistics were computed and tests for significant differences were performed 

using analysis of variance (ANOVA) for continuous variables and Chi Squared tests for 

categorical variables. Logistic regression models were developed to determine the odds of 

falling based on baseline physical activity category and sedentary time, as well as change in 

physical activity (categories and continuous) over three and six years. In alignment with a 

prior WHI publications, (Bea et al., 2011; Cauley et al., 2007; Chen et al., 2004) a binary 

variable of ≥2 falls per year was used for risk of falling in all models. A history of ≥2 falls 
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per year is a significant predictor of a recurrent faller (Stalenhoef et al., 2002) and higher fall 

rates are associated with frailty related fractures (Schwartz et al., 2005). Factors that have 

been associated with falling and body composition in the literature were selected a priori as 

covariates, including age, BMI, ethnicity, education, years since menopause, tobacco and 

alcohol use, number of falls at baseline, diabetes, hypertension, fainting, general health, 

physical function, and medication use including hormone therapy, beta blocker, antianxiety 

agent, hypnotic, narcotic, and sedative use. Geographic region, by latitude of the responsible 

clinical center at the time of enrollment, waist circumference, and total body fat did not 

significantly affect the models, so were not included. Exclusions included those with prior 

stroke, peripheral artery disease, multiple sclerosis, and Parkinson's Disease, or missing 

covariates. Change in activity models were stratified by body mass index (BMI ≥ 30kg/m2) 

due to previous associations with falls (Beck et al., 2009).

Results

Overall, the mean physical activity level for the cohort was 13.7 (±14.4) MET-h/wk at 

baseline, 13.6 (±14.6) MET-h/wk at year 3, and 13.1 (±14.2) MET-h/wk at year 6. The 

change in physical activity across the cohort was -0.4 (±12.4) MET-h/wk from baseline to 

year 3 and -0.9 (±13.5) MET-h/wk from baseline to year 6. Total sedentary time (hrs/d spent 

sitting or sleeping) was 15.0 (±4.2) hrs/d at baseline, 14.7 (±3.7) hrs/d at year 3 and 

14.7(±3.8) hrs/d at year 6. Inactive time was reduced by -0.38 (±3.9) from baseline to year 3 

and remained stable at year 6.

Baseline activity levels varied by race/ethnicity, highest level of education, years 

postmenopausal, and baseline fall history. There were more obese individuals in the inactive 

group. The less-active and non-active groups were more likely to report medical conditions, 

medication use, smoking, and lower alcohol consumption compared to others. Women in the 

highest category of physical activity had the highest lean mass at baseline (Table 1) and 

follow-up, however, they decreased physical activity and lost greater absolute appendicular 

lean mass over time compared to others (Table 2).

Overall, the risk of falling was significantly increased (18%) over six, but not three years of 

follow up among those with ≥9MET-h/wk of physical activity at baseline compared to being 

inactive at baseline (p for trend < 0.001; Table 3). However, when stratified on BMI, the 

non-obese women were at 12% greater risk of falling over three years if they were active as 

compared to their inactive counterparts (p for trend = 0.04).

The odds of falling increased by 1% with increased walking at both three and six years 

(p=0.02) and increased vigorous activity at three, but not at six years, when evaluating 

change in activity as a continuous variable. Increased sitting slightly decreased falls over 6 

years (OR: 0.98, 95%CI: 0.98-0.99, p<0.001), while time spent lying down decreased odds 

of falling by 2% and 3% at three and six years, respectively (p<0.001). Stratification by 

obesity did not significantly affect these results (data not shown).

In categorical analyses, increased or maintained adequate physical activity (≥9MET-h/wk) 

significantly increased odds of falling, by 12% and 20%, respectively, compared to those 
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that remained inactive between baseline and year three (Table 4; p for trend <0.001). Models 

stratified by obesity were consistent with results from the entire cohort. After 6 years, the 

odds of falling increased to 30% for those that maintained a physically active lifestyle 

overall (p for trend <0.001), but 36% among the non-obese (p for trend <0.001).

When adjusted for change in lean mass, the pattern of increased odds of falling with 

increasing physical activity was similar to that of the entire cohort for the first three years (p 

for trend = 0.01), while decreased physical activity appeared to have a protective effect 

against falling when adjusting for changes in lean mass. Those with a BMI < 30kg/m2 drove 

the relationship between decreases in physical activity and falling over 3 years. This 

relationship did not persist over six years.

Discussion

Contrary to our hypothesis, we found that active lifestyles and increases in physical activity 

over time were associated with increased fall risks among postmenopausal women aged 

50-79 at baseline. Although reduction in falls has been supported by several exercise 

interventions (Gillespie et al., 2012), the positive studies tended to include multifactorial 

interventions (i.e. combination of physical activity, balance training, home hazards 

assessment, medication assessment, technical aids, etc.) and were typically limited to adults 

older than those in the WHI and those at high risk of falling. Community dwelling adults 

often do not employ multifactorial activity programs or activities designed to improve 

physical function (Lewis et al., 2015). Large longitudinal studies examining physical activity 

associations with falls in community dwelling older adults have suggested that physical 

activity may increase fall risk, although the risk is likely modified by type of activity and 

level of physical function or mobility (Jefferis et al., 2015; Lewis et al., 2015; Mertz et al., 

2010; Peeters et al., 2010). Walking, in particular, the physical activity often selected by 

older women (Booth et al., 1997; Garcia et al., 2015; Sorkin et al., 2015), has been 

problematic for older adults in other studies (Mertz et al., 2010; Nikander et al., 2011 [Feb 

15 2011 Epub ahead of print]). Postmenopausal women who spent greater time walking 

(>3hrs/wk) in a large, five-year study (N=2780) experienced more fractures, which authors 

suggest may be attributable to increased falls (Nikander et al., 2011 [Feb 15 2011 Epub 

ahead of print]).

In spite of these results, the benefits of physical activity for prevention and management of 

most of the prevalent chronic diseases in the United States, including osteoporosis, diabetes, 

cardiovascular disease, and some cancers (2008), likely outweigh the risks of falling. 

Further, exercise has been shown to reduce the risk of injury given a fall (Uusi-Rasi et al., 

2015) and those who are more mobile prior to injury tend to have better outcomes 

(Thorngren et al., 2005). The minimal protection against falls due to greater sedentary time 

herein should be interpreted with caution, as well, as cardiovascular and other health benefits 

would be sacrificed with reduced activity. The distribution of medical conditions, 

medications, and falls across physical activity categories at baseline imply that the women 

self-limited physical activity if balance impairing medications, chronic conditions, or prior 

falls were present, as noted by others (2011; Bruce et al., 2002).
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The results support the notion that aerobic activity alone among older adults is not enough to 

prevent falling in older populations (Clarke et al., 2015; Voukelatos et al., 2015). The 

increased opportunities for interaction with environmental hazards, and therefore greater 

opportunities for falling (Feldman and Chaudhury, 2008), need to be counterbalanced by the 

ability to adapt to these challenges. We would suggest that the complimentary strength and 

balance activities recommended by both the Physical Activity Guidelines for Americans 

(2008) and the Clinical Practice Guideline for Prevention of Falls in Older Persons (2011) be 

further publicized and evaluated. The adoption rate and efficacy of these multifactorial 

recommendations longitudinally (Clarke et al., 2015), along with suggested environmental 

strategies in older adults (Feldman and Chaudhury, 2008) requires further exploration, 

though early pilot work suggests an effective multifactorial fall prevention strategy can be 

habituated (Fleig et al., 2016).

The similarity in results with and without lean mass adjustment aligns with the lack of 

association between change in lean mass and physical activity demonstrated in the WHI 

previously (Sims et al., 2013) and further supports the need for activities beyond aerobic 

training to enhance physical function and potentially muscle quality, rather than lean mass 

per se. In support of this assertion, the Hispanic Established Population for the 

Epidemiologic Study of the Elderly (H-EPESE; N=1011 aged ≥75yrs) recently 

demonstrated that participants with high physical activity and low physical function had a 

greater fall risk than those with high physical activity and high physical function (Lewis et 

al., 2015). However, in The British Regional Heart Study (N=3137) those with initial low 

mobility participating benefited from increasing activity, while those without mobility 

limitations did not (Jefferis et al., 2015), suggesting the need to better understand the utility 

of initial mobility screening and activity planning in older adults.

Limitations

Statistical adjustment for potential confounding factors, may not fully account for 

differences between activity groups. Additionally, self-report physical activity measures, 

although validated herein and practical in large cohorts, have limitations. We could not 

separate falls occurring during activity from other falls which might be differentially related 

with physical activity and sedentary time. Objective measures of physical function were not 

available across this subset of WHI and fall data collection did not fully conform to 

Prevention of Falls Network Europe recommendations due to study completion prior to the 

consensus statement (Lamb et al., 2005). The study is not generalizable to younger women 

or men.

Conclusion

Physically active lifestyles increased falling among post-menopausal women. Additional fall 

prevention strategies, such as balance and resistance training, should be evaluated to assist 

post-menopausal women in reaching or maintaining the level of aerobic activity known to 

prevent and manage several chronic diseases.
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H-EPESE Hispanic Established Population for the Epidemiologic Study of the Elderly

SD standard deviation

WHI Women's Health Initiative
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Highlights

Among postmenopausal women:

• Increasing physical activity (PA) may be associated with a greater risk of 

falling.

• Increasing sedentary time may slightly decrease risk of falling.

• Falls risk must be weighed against PA benefits for prevention of chronic 

diseases.

• Further research is needed to improve safety and support continued PA with 

aging.

Bea et al. Page 12

Prev Med. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Hypothesized mediation model among participants in the Women's Health Initiative 

Observational Study recruited between 1993 and 1998 from 40 clinical centers across the 

United States (n=93,676)
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