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Abstract

Purpose—To examine the prospective association between healthy lifestyle behaviors and 

objectively measured physical function in midlife women.

Methods—Participants included 1,769 racially/ethnically diverse women, ages 56-68, from the 

SWAN (Study of Women's Health Across the Nation) cohort. Physical function was assessed at the 

13th follow-up (FU13) visit with the Short Physical Performance Battery (4 meter walk, repeated 

chair stands, and balance test) and grip strength. A Healthy Lifestyle Score (HLS), which ranged 

from 0-6, was calculated by averaging as many as three repeated measures of self-reported 

smoking, physical activity, and diet, all assessed prior to FU13. Multivariable linear and logistic 

regressions modeled each component of physical performance as a function of HLS and, in 

separate models, of each lifestyle behavior, adjusted for the other behaviors.

Results—In multivariable analyses, the time for the 4 M walk was 0.06 secs faster (p=0.001) for 

every 1 point increase in the HLS. The time for the repeated chair stands was significantly shorter 

by about 0.20 seconds. Neither grip strength nor balance problems were significantly associated 

with the HLS (p=.28, p=0.19 respectively). The model examining the individual health behaviors 

showed that only physical activity was significantly associated with physical performance.

Conclusion—Regular physical activity in early midlife has the potential to reduce the likelihood 

of physical functional limitations later in midlife.
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Introduction

Decrements in physical function are the first stage in the disablement process which extends 

through functional limitations to disability, frailty, and finally death[41]. Although the 

prevalence of functional limitations increases with age[24], the disablement process begins 

in midlife. In the National Health Interview Survey, 15% of respondents ages 45-64, had 

some functional limitations or disability, with half of those reporting that the limitation or 

disability first developed between the ages of 40 and 55[1]. In the Study of Women's Health 

Across the Nation (SWAN), 29.6% of the cohort, ages 45-57, reported moderate functional 

limitations and 11.0% reported severe limitations[38].

However, the disablement process is neither inevitable or irreversible[41, 45]; many factors 

contribute to the transition of a functional impairment into a functional limitation. Given the 

individual and societal burden of disability, particularly at more advanced ages [11], 

identifying modifiable factors that can slow, stop, or even reverse, the disablement process at 

the early stages in midlife is a significant clinical and public health issue.

A number of investigations in older populations suggest the same healthy lifestyle factors 

that reduce risk of morbidity and mortality (e.g. being physically active, having a healthy 

diet, and not smoking), also reduce the likelihood of functional limitations and disability[8, 

19, 22, 25, 27, 29, 30, 32, 33, 42, 44]. For example, in the National Health and Nutrition 

Examination Survey I and Epidemiologic Follow-Up Study, increased recreational physical 

activity (PA) over a period of 10 years resulted in reduced risk of disability, whereas reduced 

PA increased the risk[14]. Similarly, in a combined analysis of the Health and Retirement 

Study (HRS) and the Asset and Health Dynamics Among the Oldest Old (AHEAD) cohorts, 

current smoking was strongly related to impaired mobility[29], and in the Health ABC 

cohort, adherence to a Mediterranean diet was associated with less decline in walking speeds 

over 8 years[32]. Analyses that combine these behaviors into composite measures also show 

reduced risk of mobility limitation over time[10, 25].

To date, most of this literature is based on older [19, 25, 44], predominantly white 

populations[8, 29, 32, 42], focused on single health behaviors[8, 14, 22, 32, 42, 44] and/or 

reliant on self-reported measures of mostly mobility-related physical function, rather than 

objectively measured physical performance that includes more integrated measures of 

function[14, 19, 21, 25, 29]. The aim of the current study is to examine the individual and 

combined influence of participation in regular physical activity, consumption of a healthy 

diet, and abstinence from tobacco on subsequent performance-based measures of physical 

function during midlife, using data from the Study of Women Across the Nation (SWAN). 

The degree to which these relations vary by obesity status or race/ethnicity are also 

examined.

Methods

Study Population

The sample for this analysis was drawn from the 1,945 women in the SWAN cohort who had 

at least one measure of physical performance during the Year 13 follow-up exam (FU13) 
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conducted in 2012. The SWAN cohort, which consisted of 3,302 initially pre- and early-peri 

menopausal women of diverse race/ethnicities, was formed in 1996-97 to study the natural 

history of the menopausal transition. Details of the sampling and recruitment strategies have 

been previously described[34]. Briefly, women, ages 42-52, were recruited from defined 

sampling frames in seven geographic sites across the United States: Boston, Chicago, 

Detroit area, Los Angeles, Newark, NJ, Oakland, CA, and Pittsburgh. To be eligible, women 

had to report having had a menstrual period and no use of exogeneous hormones in the 3 

months prior to recruitment, not be pregnant or lactating, and to identify their primary race/

ethnicity as black(Boston, Chicago, Detroit, and Pittsburgh), Japanese (Los Angeles), 

Hispanic (Newark), Chinese (Oakland), or white (all sites). The cohort participated in a 

baseline clinical examination and continues to be seen for annual or bi-annual exams. 

Retention at FU13 was 77%. All participants provided written informed consent, and all 

protocols were approved by the Institutional Review Boards of the participating institutions.

Excluded from this analysis were 136 women who reported substantial functional limitation 

at baseline on any item on the physical functioning subscale of the MOS-SF-3[43], 3 women 

with unknown baseline physical functional status, and 17 women who had not reached 

menopause by the Year 13 visit. An additional 20 women were excluded because of 

incomplete exposure data. The primary analysis is based on the remaining 1,769 

participants. In comparison to those who were included, women who were excluded were 

more likely to be black or Hispanic, current smokers, and obese, and to have less education, 

more difficulty paying for basics, more depressive symptoms, and poorer health status.

Assessment of Healthy Lifestyle

Three health behaviors, dietary intake, smoking and physical activity, were assessed as 

components of a healthy lifestyle. All three were measured by self-report at baseline (BL) 

(1996/7), FU05 (2001/02) and FU09 (2005/6). As explained in detail below, each behavior 

at each visit was assigned a value of 0, 1, or 2, based on specific criteria for that behavior.

Diet—Dietary intake was assessed with the 1995 Block Food Frequency questionnaire 

(FFQ) adapated for SWAN by the addition of foods frequently consumed by the populations 

represented in the SWAN cohort (Hispanic, Chinese and Japanese)[7, 23]. The FFQ, which 

asks about usual dietary intake during the past year, was administered by trained and 

certified interviewers in English, Spanish, Chinese and Japanese using food models to help 

respondents estimate portion size. Details about the development and validity of the Block 

FFQ have been well described elsewhere [5, 6].

A healthy diet score was created based on the recommendations of the Healthy Eating Index 

[15] and the availability of the relevant food items in the SWAN FFQ, and included 8 

components: fiber, sodium, trans fat, fatty acids, fruits and vegetables, dairy, grains and 

added sugar. Healthy eating behavior in each of these components was defined as follows: 

daily intake of fiber ≥ 25 grams, sodium ≤1.1gm/1,000 kcals, trans fat <1% kcals, ratio of 

poly+mono unsaturated fats (gm) to saturated fats (gm) >2.5., fruits and vegetables ≥ 5 

servings, diary ≥1.3 cups/1,000kcals, grains ≥ 3 oz/1,000 kcals, and added sugar <2.5% total 

kcals. One point was assigned to each of these healthy eating behaviors that were present in 
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a participant's reported diet and then summed over all components for a diet score that could 

range from 0-8. Based on the distribution, a score of 2 was given when two or more 

components were present (fewer than 13% met the criteria for more than two components), a 

score of 1 if only one component was present, and a score of 0 if none were present.

Smoking—Standardized questions from the American Thoracic Association[12] were used 

to assess smoking behavior at each visit; never smoking was given a score of 2, former 

smoking a score of 1, and current smoking a score of 0.

Physical Activity—Physical activity was assessed from the sports and exercise questions 

on the widely used and validated Kaiser Physical Activity Survey[2, 35]. Questions related 

to duration, frequency, and perceived intensity were used to determine whether women met 

current physical activity recommendations (moderate-vigorous activity for at least 150 

minutes/week)[39]. Those who reported at least 2 hrs/wk of sports/exercise for at least 9 

months of the year with at least a moderate increase in heart rate and breathing were 

classified as meeting those recommendations and given a score of 2. A score of 1 was given 

to women who played sports or exercised more than once a month but less than twice a 

week, and a score of 0 for women who did sports or exercise no more than once a month,

Healthy Lifestyle Scores (HLS)—To create an overall healthy lifestyle score for each 

visit, the scores for diet, smoking and physical activity were summed, yielding a visit-

specific HLS with a possible range of 0 to 6. The visit-specific scores were then averaged 

over all non-missing visits to create an average HLS, also with a possible range of 0-6. The 

continuous average HLS was used as the primary exposure variable in the multivariable 

analyses; it was also categorized as a 3-level variable: unhealthy=0-<3, moderately 

healthy=3-4, and healthy>4, based on approximate quartile cut-points (lower quartile, 

middle two quartiles, and upper quartile) for ease of presentation of descriptive data and in 

secondary analyses.

Component Scores—The visit-specific scores for each of the behaviors included in the 

HLS were also averaged across all non-missing visits to give average component scores for 

diet, smoking and physical activity for use as exposure variables in secondary analyses.

Measures of Physical Performance

Participants completed a range of physical performance tests at the Year 13 follow-up exam, 

all conducted by trained and certified staff following a standard SWAN protocol. The results 

of these tests were summarized into five outcome variables as described below.

Short Physical Performance Battery (SPPB)—The SPPB consists of two mobility- 

and lower body strength measures (timed 4 M walk at usual pace, chair stand with five 

repetitions) and a series of balance tasks (side-by-side, semi-tandem, tandem, and one foot 

stands, each held for 10 seconds), following the standard protocol[18]. The SPPB was 

originally developed for the Established Populations for the Epidemiologic Study of the 

Elderly (EPESE), and has well-established reliability and validity as a measure of lower 

extremity function necessary for daily activities[18]. The total SPPB score ranges from 0 
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(worst performance) to 12 (best performance). Given the younger age distribution of the 

SWAN cohort, relative to the age range for which the SPPB was developed, the distribution 

of the total SPPB score in SWAN was skewed to the right (mean=10.79, sd=1.66, 

median=11.0, I-Q range=10-12), with almost half (46.7%) having a perfect score of 12 and 

fewer than 17% scoring below 10, a cut-point for risk of disability. As a result, for this 

analysis, the total SPPB was not examined as an outcome, but, rather, each of the SPPB 

components was considered separately: the minimum time in seconds from two attempts at 

the 4 meter walk, the time in seconds to sit and stand five times, and the successful 

completion of all four balance stand tasks (yes vs. no).

Grip Strength—A Baseline® hydraulic dynamometer adjusted for hand size was used to 

assess grip strength in the dominant hand, following a standardized protocol with the 

participant seated with her arm bent at a 90 degree angle at the elbow. The maximum (kg) of 

three attempts was used as an outcome variable.

Decile Score—Because the total SPPB score produced so little variability in physical 

performance among the SWAN cohort and could not be used as a continuous outcome, given 

its skewness, a summary decile score was created following the procedure developed by 

Michael et al [28]. This score ranked participants by decile (1-10), based on their 

performance in the4 M walk, grip strength and chair stand, and was created by summing the 

sample-specific decile for each of the tests, producing a score with a range of 3-30. For 

example, a participant in the bottom decile of the cohort for all 3 components would have a 

decile score of 3 while a participant in the top decile for the 3 tasks would have a decile 

score of 30.

Covariates

Body mass index (BMI) at both BL and FU13 was calculated as kg/(meters)2 from measured 

height and weight, using a calibrated scale and stadiometer, and categorized into ethnic-

specific under- or normal weight, overweight and obese (<25 for Caucasian, Hispanic and 

black women and <24 for Chinese and Japanese women, 25(or 24)-<30, >30)[36]. All other 

covariates were self-reported. Those assessed only at BL included race/ethnicity (black, 

Chinese, Hispanic, Japanese, or white) and education (high school or less, some college or 

college degree and higher). Age in years, marital status (single/never married, married/living 

as married, and separated/widowed/divorced), difficulty paying for basics (somewhat/very 

hard, not hard), alcohol consumption (≥1/mo., >1/mo but<2/wk, ≥2/wk), menopausal status 

(pre, early peri at baseline and surgical post, natural post at FU13), overall health 

(exercellent/very good, good, or fair/poor), and presence of depressive symptoms, defined by 

a score of ≥16 on the Center for Epidemiological Studies Depression (CES-D) scale [31] 

were assessed at both BL and FU13. A diagnosis of diabetes or osteoarthritis, ever use of 

hormone therapy, and number of comorbidities (0,1, ≥2) among cancer, high blood pressure, 

stroke, heart attack, osteoporosis was considered present at FU13 if reported at any time 

from BL through FU13. Potential site or participant variability related to the physical 

performance test protocol, such as floor surface and foot covering, as well as clinical site, 

were also examined for confounding. All covariates were selected based on the literature and 

biological plausibility for confounding the main relations of interest.
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Statistical Analysis

Characteristics of the study population at FU13 by category of average HLS (unhealthy, 

moderately healthy, and healthy) were described by means and standard deviations (sd) for 

continuous variables and proportions for categorical variables and compared with ANOVA 

or Chi square tests, as appropriate. The mean (sd) differences or differences in proportions in 

each of the performance measures across the categories of average HLS were evaluated with 

ANOVA.

Linear regression analyses were used to model each continuous physical performance 

measure as a function of the continuous average healthy lifestyle score, adjusted for FU13 

(or baseline if only assessed at baseline) confounders while multivariable logistic regression 

analyses were used to estimate the risk of balance problems. With the continuous average 

HLS as the independent variable, models were run for each performance measure outcome, 

proceeding, first, from unadjusted models, to a minimally adjusted model that included age, 

number of non-missing visits, race/ethnicity, BMI, overall self-rated health and clinical site, 

and then adding sequentially: a) outcome-specific quality measures (i.e. floor surface, 

dynamometer setting);b) demographic variables (education, marital status and difficulty 

paying for basics); and c) medical/health indicators. Final models were derived by starting 

with the fully adjusted model, removing the covariate with the largest p-value greater than 

0.1, examining the effect estimates on the independent measure of interest, then refitting the 

model without the covariate to identify the next covariate with a p-value >0.1 and so on, 

until all remaining covariates, except for those in the minimally adjusted model, had a p<0.1. 

This strategy has been demonstrated to yield the most parsimonious model while still 

accounting for all confounding variables [20, 26]). For those covariates assessed at both 

baseline and FU13, the FU13 value was used in these models. Effect modification by FU13 

BMI and race/ethnicity was examined by entering appropriate cross-product terms into the 

final model for each performance measure; models were stratified if the interaction term had 

a p value ≤0.10. The same modeling strategy was followed to examine each performance 

measure as a function of each continuous average component score, adjusted for the other 

behaviors, and expressed in units of standard deviations to allow for comparison of the 

magnitude of associations across the three behaviors.

Sensitivity analyses were conducted to ensure the robustness of the findings by 1) 

substitution of average HLS as a categorical variable for the continuous variable; 2) 

adjustment for baseline characteristics rather than Year 13 characteristics; 3) adjustment for 

Year 13 physical activity; 4) inclusion only of women with exposure data from all 3 time 

points (baseline, Years 5 and 9); 5) inclusion only of women who reported no functional 

limitation at baseline on the SF36 Physical [37]; 6) substitution of visit-specific healthy 

lifestyle and component scores for average HLS or component scores; and 7) “age-

standardized” models to eliminate the variability in the outcome attributable to age by using 

the residual of age regressed against the performance outcome as an independent variable. 

Results from these analyses are not reported below since they were all consistent with the 

primary analyses.

All analyses were conducted in SAS v9.3 (SAS Institute, Inc., Cary, NC, USA)
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Results

In the sample as a whole, the average Healthy Lifestyle Score was reasonably normally 

distributed, with a mean=3.4 (sd=1.2); 26.3% of the sample had an unhealthy HLS (0=<3), 

47.1% had a moderately healthy HLS (3-≤4), and 26.6% had a healthy HLS (>4). Sixty two 

percent, 25% and 46% of the sample had average smoking, physical activity, or diet scores 

respectively greater than 1.

As Table 1 shows, the mean age of the cohort at FU13, when physical performance was 

measured, was 61.9 years (sd=2.7 and range 56-68) with women who had an unhealthy HLS 

being slightly, but significantly, younger. Black and Hispanic women were more likely to 

have an unhealthy HLS, while Chinese and Japanese were less likely. Other characteristics 

associated with an unhealthy HLS were education less than a college degree, obesity, not 

being married, having difficulty paying for basics, reporting less than excellent or very good 

overall health, having depressive symptoms, ever being diagnosed with diabetes or 

osteoarthritis, and having 1 or more co-morbidities. A similar pattern was observed for the 

association between baseline characteristics and HLS (data not shown).

Table 2 demonstrates that all of the physical performance measures were associated in a 

dose response relation with the categorized average HLS. For the 4 meter walk and chair 

stands performance was better (i.e., faster) with higher healthy lifestyle scores, with women 

in the healthy HLS category having 19-21% faster walking or sit-to-stand times than women 

in the unhealthy HLS category. Similarly, the decile score was almost 17% higher in those 

with a healthy HLS compared to those with an unhealthy HLS (p for trend 0.0001), and the 

proportion of women with balance problems was greatest in those in the unhealthy HLS 

category. In contrast, grip strength was inversely associated with HLS with women who 

were in the healthy HLS category having 4% lower grip strength compared to women in the 

unhealthy HLS category (p for trend <0.005).

The bivariate associations between the categorized HLS and physical performance were 

mostly unchanged in the multivariable models that examined the continuous average HLS as 

the predictor variable and adjusted for multiple confounding variables (Table 3). In both 

minimally adjusted and final models, the time for the 4 M walk was 0.06 of a second faster 

for every 1 point increase in the average HLS (p=0.001). The time for the repeated chair 

stands was significantly shorter by about 0.20 seconds, and the decile score was significantly 

higher by about three tenths of a point. After adjustment for BMI and other confounders, the 

associations between HLS and both grip strength and balance problems were no longer 

statistically significant.

Because obesity significantly modified the relation between the HLS and the 4 M walk (p 

for interaction = 0.03), models were stratified by BMI; the results suggested that the 

association between the HLS and the 4 M walk was statistically significant only in normal 

weight women (beta=-0.125, p<0.0001), and not in overweight (beta=-0.05, p=0.11) or 

obese women (beta=-0.024, p=0.47). Interaction terms between BMI and HLS were not 

statistically signficant for the other physical performance outcomes, nor were there any 
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statistically signficant interactions with race/ethnicity although small numbers for some race/

ethnic groups may have limited the ability to detect such interactions.

To explore the impact of individual health behaviors on physical performance, the 

continuous, average component scores, expressed in units of standard deviation, were 

examined as three independent variables in the same fully adjusted models with each 

performance variable as an outcome. As Figure 1 demonstrates, neither smoking behavior 

nor diet, averaged over earlier exams, was significantly associated with any of the physical 

performance measures at FU13. In contrast, greater physical activity was strongly associated 

with faster walking time, faster repeated sit to stand, stronger grip strength, and higher decile 

performance ranking. It was also associated with reduced risk of balance problems, although 

the association was not statistically significant.

Discussion

This study of the SWAN cohort found that, even with adjustment for multiple potential 

confounders, a composite measure of a healthy lifestyle, averaged over as many as 3 time 

points in a 10-year period in midlife, was strongly associated with faster walking speed, 

greater lower body strength, and better overall physical functioning, all assessed at least 4 

years later. The only physical performance domains that were not impacted by the healthy 

lifestyle score in the fully adjusted models were balance and grip strength. In general, 

associations were similar in all of the race/ethnic groups and across the strata of BMI, with 

the exception of the 4 M walk which was associated with healthy lifestyle only in normal 

weight women. The findings were also consistent whether the healthy lifestyle score was 

expressed as a continuous or categorical variable or as a variable averaged over one or more 

visits or a time-specific variable measured 4, 9 or 13 years prior to the outcome.

However, when diet, smoking and physical activity were considered as separate behaviors, 

adjusted for each other, only physical activity remained significantly associated with the 

physical performance measures and accounted for most, or all, of the relation between the 

HLS and the performance measures. This may suggest that combining health behaviors into 

an overall composite score may actually be less informative than examing the influence of 

specific behaviors separately. Since the chair stand and the walking test are measures of 

lower body mobility and strength, and most physical activities improve those domains of 

physical fitness[4], it is not surprising that there is a close relation between physical activity 

and the specific tests of physical performance examined in this study. It is also consistent 

with a number of previous studies that have reported lower risk of disability and mobility 

impairment in elderly individuals who are physically active[27, 42]

On the other hand, these findings differ from some other studies that found that both 

smoking [25, 29] and unhealthy dietary intake[22, 25, 30, 32] were associated with 

increased risk of impaired lower body mobility. It is possible that the reason why neither 

abstention from smoking nor healthy diet were signficantly related to any of the physical 

performance domains in the SWAN cohort is that the prevalence of smoking was low 

(62.7% were never smokers) and the cut point for defining a healthy diet, based on the 

distribution, required meeting recommended intake of only 2 out of 8 dietary components.
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One notable finding of the current analysis was that the positive influence of a healthy 

lifestyle on physical performance was attenuated in women who were overweight or obese 

only for the 4 meter walk and associations were generally independent of BMI. Many 

previous studies have demonstrated a direct association between BMI and functional 

limitations and onset of disability [8, 14, 25, 29, 32, 33], and BMI was an independent risk 

factor for poorer physical performance (except for grip strength) in this analysis as well 

(data not shown). However, the lack of evidence for either effect modification or 

confounding by BMI for the chair stand and the decile score suggests that BMI is not the 

primary mechanism accounting for the associations between healthy lifestyle behavior and 

integrated measures of lower body mobility and strength.

The absence of any independent association between the HLS and either balance or grip 

strength is also notable, and may be the result of the relatively young age of the SWAN 

cohort. The balance tasks assessed by the SPPB, which require each stance be held only for 

10 seconds, may not be sufficiently challenging enough in the SWAN age range to detect 

variability in balance. Similarly, grip strength, which is indicative of muscle strength and 

muscle mass and has prognostic value in terms of mortality in the elderly, particularly the 

frail elderly[13], may be influenced more by overall body size in this younger population. 

Nonetheless, there was a significant association between physical activity and grip strength, 

suggesting that behavior that preserves muscle mass is important, even at this relatively 

young age.

This study does have some limitations that need to be considered. Most importantly, there 

was no baseline measure of physical performance, which made it impossible to either adjust 

for the starting level of objectively measured physical function or to examine change in 

physical function. However, the positive impact of the healthy lifestyle score on physical 

performance was still evident when only women who self-reported no functional limitation 

at all at baseline were considered (data not shown), which supports the appropriate temporal 

relation between healthy lifestyle and physical performance. Another limitation was the 

reliance on self-reported physical activity which is subject to misclassification bias[3].

The present study makes several unique contributions to the existing body of literature 

examining healthy lifestyle behavior and physical function and disability. First, it may be the 

only study to examine a composite healthy lifestyle score, averaged over as many as 10 

years, in relation to objective measures of physical function, measured at least four years 

later. Second, it was conducted among a relatively young population that ranged in age from 

42-52 years old at the start of the study and from 56 to 68 when physical performance was 

assessed; this fills a gap in knowledge about the impact of health behaviors on physical 

function in the period between late midlife and early older adulthood. Finally, the study was 

conducted among a racially, ethnically diverse cohort, representative of the population of 

midlife women in the United States.

This study has clear clinical and public health implications. Even at this relatively young age 

of the SWAN cohort, the average walking speed of those with an “unhealthy” lifestyle was 

1.1 m/sec, which is the minimal walking speed set by the Federal government for safely 

crossing an intersection with a traffic signal [40]). As the individuals in this group age, it is 
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reasonable to expect that their walking speed will slow even more, putting them at risk for 

injury, morbidity and mortality [16, 17]. Futhermore, given the aging of the population[9] 

and the considerable risk for functional impairment and disability in the elderly, identifying 

strategies in midlife for reducing the risk of future loss of independence is a high public 

health priority. Large population-based efforts to promote physical activity have been 

underway for quite some time and need to continue and expand, particularly in minority and 

less advantaged communities. The greater the resources expended on prevention of disability 

in midlife, the less will be the resources required by both the individual and society to deal 

with disability in later life.
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Figure 1. 
a. Multivariable prospectivea associations (standardized betas) between continuous physical 

performance measures and 1) total Healthy Lifestyle Scoreb and 2) each healthy lifestyle 

behaviorb adjusted for the other behaviors.

a. Healthy lifestyle behaviors measured at least 4 years prior to physical performance 

measures

b. Total healthy lifestyle score and each component score are treated as a continuous average 

over all available visits and ranges from 0-6 for total score and 0 to 2 for components scores; 

results are presented as the average increase in standard deviation of each outcome for one 

standard deviation of the total healthy lifestyle score or each of the behavior component 

scores.

Note: Results are from two separate linear regression models: one included the total healthy 

lifestyle score; the other included all three behavior component scores. Confounders 

included: for all models: age, race, site, BMI, overall self-rated health, and arthritis; for 4 m 

walk: number of comorbidities and foot covering; for 40 ft walk: marital status, CES-D, 

diabetes, type of menopause, alcohol use, and floor surface; for grip strength: difficulty 

paying for basics, dominant hand and dynamometer setting; for chair stand: difficulty paying 
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for basics, foot covering; for decile score: number of comorbidities, difficulty paying for 

basics, and education;

b. Multivariable prospectivea risk (odds ratios) of balance limitations associated with 1) total 

Healthy Lifestyle Scoreb and 2) each healthy lifestyle behaviorb adjusted for other 

behaviors.

a. Healthy lifestyle behaviors measured at least 4 years prior to physical performance 

measures

b. Total healthy lifestyle score and each component score are treated as a continuous average 

over all available visits and range from 0-6 for the total healthy lifestyle score and 0 to 2 for 

component scores; results are presented as the odds ratio of any balance limitations for each 

increase in one point of the average score.

Note: Results are from two separate logistic regression models: one included the total 

healthy lifestyle score; the other included all three behavior component scores. Confounders 

included age, race, site, BMI, overall self-rated health, and arthritis, CES-D, foot covering, 

alcohol use and hormone use
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Table 3

Prospective1 association of continuous average healthy lifestyle score2 with physical 
performance measures, adjusted for confounders

Minimally Adjusted Model3 Final Model4

Outcome Beta (95% CI) p value Beta (95% CI) p value

4 M Walk (sec) -0.06 (-0.1, -0.03) 0.0005 -0.06 (-0.1, -0.02) 0.001

Grip strength (kg) 0.14 (-0.09, 0.37) 0.23 0.14 (-0.09, 0.37) 0.24

Chair stand (sec) -0.21 (-0.34, -0.08) 0.002 -0.18 (-0.31, -0.05) 0.008

Decile Score 0.44 (0.22, 0.65) <0.0001 0.35 (0.13, 0.57) 0.002

Odds Ratio (95% CI) p value Odds Ratio (95% CI) p value

No balance problem (vs. some) 0.906 (0.78, 1.06) 0.20 0.88 (0.76, 1.04) 0.13

1
Healthy lifestyle score measured at least 4 years prior to physical performance measures

2
Possible range of healthy lifestyle score=1-6

3
Adjusted for age, race, site, BMI, overall self-rated health and number of visits with HLS

4
All models adjusted for age, race, site, BMI, overall self-rated health, and arthritis; 4 m walk additionally adjusted for number of comorbidities 

and foot covering; 40 ft walk additionally adjusted for marital status, diabetes, arthritis, type of menopause, floor surface and alcohol use; grip 
strength additionally adjusted for difficulty paying for basics, alcohol use, dominant hand and dynamometer setting; chair stand additionally 
adjusted for number of comorbidities, difficulty paying for basics, foot covering; decile score additionally adjusted for number of comorbidities, 
difficulty paying for basics, education, alcohol use, and arthritis; balance additionally adjusted for CES-D, foot covering, hormone use and alcohol 
use

Med Sci Sports Exerc. Author manuscript; available in PMC 2018 February 01.


	Abstract
	Introduction
	Methods
	Study Population
	Assessment of Healthy Lifestyle
	Diet
	Smoking
	Physical Activity
	Healthy Lifestyle Scores (HLS)
	Component Scores

	Measures of Physical Performance
	Short Physical Performance Battery (SPPB)
	Grip Strength
	Decile Score

	Covariates
	Statistical Analysis

	Results
	Discussion
	References
	Figure 1
	Table 1
	Table 2
	Table 3

