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Abstract

To examine the impact of moderate to vigorous intensity physical activity (MVPA) trajectories 

during midlife and older adulthood with subsequent fall risk in later life. Cross-temporal analyses 

were conducted in 15,792 participants (27% black, 55% women) aged 45 to 64 years enrolled in 

the Atherosclerosis Risk in Communities (ARIC) Study. MVPA was collected at Exams 1 (1987–

89), 3 (1993–95) and 5 (2011–13) using the ARIC/Baecke questionnaire. Latent class growth 
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analysis was used to identify the MVPA trajectory groups. Reported falls outcomes were collected 

in 2013–14, 2015–16, and 2016–17. Generalized Linear Models were used to estimate 

associations of baseline predictors with trajectory class membership, as well as associations of 

trajectory classes with any falling (adjusted incident relative risks, aIRR) and with number of falls 

(adjusted relative rates, aRR). Four primary trajectory classes emerged, reflecting longitudinal 

patterns of maintained high (48%), maintained low (22%), increasing (14%) and decreasing (15%) 

MVPA. After adjustment for covariates, the decreasing MVPA trajectory group had a 14% higher 

risk of reporting any falling compared to the maintained high MVPA group [aIRR=1.14 (1.01, 

1.28)]. When compared to the maintained high MVPA group, the maintained low and decreasing 
group had a 28% [aRR=1.28 (1.14, 1.44)] and 27% [aRR=1.27 (1.17, 1.38)] higher rate in the 

reported number of falls, respectively. Findings support public health campaigns targeting habitual 

MVPA or exercise for fall prevention and suggest that interventions should be initiated in midlife; 

a time when individuals may be more able and willing to change behavior.
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INTRODUCTION

Substantial evidence has accumulated regarding the numerous health benefits of habitual 

moderate to vigorous intensity physical activity (MVPA) during leisure-time or exercise, 

including reducing risk of fall related outcomes in older adulthood.1,2 Yet, other studies have 

demonstrated a u-shaped relation between physical activity and fall risk, whereby more 

active individuals may be at an increased risk due simply to greater exposure time or 

opportunity to fall when active.3–6 Regardless, the 2018 Physical Activity Guidelines 
Advisory Committee concluded that exercise programs targeting fall prevention were 

effective among community dwelling older adults in reducing the risk of fall related injuries 

by 32–40% and bone fractures by 40–66%.1,7–9 As a result of these supportive findings, 

several organizations (e.g., American Geriatric Society10,11) and public health resources 

(e.g., Centers for Disease Control and Prevention (CDC) Compendium of Effective Fall 
Interventions: What Works For Community Dwelling Older Adults12 and the National 

Institute on Aging’s Go4Life public health campaign13) promote physical activity as a key 

fall prevention strategy. Yet, several questions regarding the complex association between 

physical activity and falls remain largely unexplored, including the influence of changes in 

midlife MVPA on subsequent risk of falls using a life-course framework.

Functional decline and the subsequent risk for disability begins in midlife.2 Similar to 

approaches used to reduce lifetime risk of cardiovascular disease and cancer14,15, strategies 

to promote MVPA during midlife could complement exercise programming that primarily 

targets an older adult population to reduce risk of falls. While the existing evidence base 

generally supports the beneficial effect of MVPA on risk of falls1,7–9, these studies have 

primarily utilized an older adult population16, with findings that may be influenced by 

reverse causality. Therefore, the importance of being physically active in midlife and the 

cumulative exposure of MVPA from midlife to older adulthood with subsequent risk of falls 
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in later life is largely unknown. Further, midlife may correspond to a time during the life-

course when individuals may be more willing and physically able to initiate a regular MVPA 

routine given changes in life circumstances (e.g., retirement)17 and the higher burden of 

disease and disability that is often more characteristic of older adulthood.

With longitudinal physical activity data that characterizes leisure-time MVPA across the 

midlife to older adulthood transition and the availability of falls data collected in later life, 

the Atherosclerosis Risk in Communities (ARIC) Study is uniquely positioned to provide 

novel information regarding the role of life-course changes in MVPA on subsequent risk of 

falls, rather than physical activity changes that result from an intervention that is being tested 

within the context of a randomized controlled trial. Therefore, the purpose of this study is to 

examine the impact of MVPA trajectories during midlife and older adulthood with 

subsequent fall outcomes in later life, including any falling and number of falls.

MATERIALS AND METHODS

Design Overview and Participants

The ARIC Study design and objectives have been described in detail.18 Briefly, ARIC 

included 15,792 adults aged 45 to 64 years at the Visit 1 examination (henceforth: Exam 1 or 

baseline; 1987–89). Male and female participants were recruited from defined populations in 

four field centers, including Forsyth County, NC, Jackson, MS (black participants, only), 

Minneapolis suburbs, MN, and Washington County, MD. Follow-up of the ARIC cohort is 

on-going and includes cohort exam visits and annual or semi-annual telephone calls. For this 

analysis, participants include those who completed Exam 1 (1987–89) and follow-up 

telephone surveys in 2013–14, 2015–16, and 2016–17 which included questions on falls. 

Information for MVPA trajectories was available from Exam 1 (1987–1989), Exam 3 (1993–

95), and Exam 5 (2011–13). All ARIC participants provide informed consent and 

institutional review boards at each participating field center have approved the study.

Data Collection

Participant Characteristics and Anthropometric Measures—Standardized 

questionnaires were used at Exam 1 to assess participant characteristics including: age, 

socio-demographic factors (e.g., educational attainment), health behaviors (e.g., physical 

activity, sedentary behavior, smoking status, and television viewing), self-rated health, and 

prevalent chronic disease. In addition, height (stadiometer) and weight (balance-beam scale) 

were measured with the participant lightly clothed and without shoes.19 Body mass index 

(BMI) was calculated as weight (kg) divided by height squared (m2). Prevalent chronic 

disease included type 2 diabetes (fasting glucose ≥ 126 md/dL, non-fasting glucose ≥ 200, 

use of diabetes medication or self-report physician diagnosis), hypertension [mean of the 

second and third measurements (of three): systolic ≥140 mmHg and/or diastolic ≥ 90 mmHg 

or use of antihypertensive medications], and cardiovascular diseases (self-report physician 

diagnosis). Exam 1 measures were included in multivariable models as covariates given our 

study objective to predict subsequent risk of falls in later life; a strategy that reduces the 

biases associated with non-response and reverse causation that can be limitations of the 

prospective cohort study design.
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Exposure: Moderate to Vigorous Intensity Physical Activity—A modified version 

of the Baecke Questionnaire was used to assess past year physical activity in ARIC.20,21 The 

ARIC version of the Baecke consists of the following three components: sports and exercise, 

leisure, and work. For these analyses, items from the sports and exercise index were used to 

derive the trajectory classes, which provides quantitative information related to higher 

intensity, structured physical activity during discretionary periods of the day (i.e., leisure-

time domain). This type of physical activity is also reflective of behavioral targets included 

in fall prevention exercise programs or interventions.12 Briefly, participants were asked to 

report up to four sport or exercise activities performed most frequently. For each sport 

reported, additional information on the duration and frequency (hours per week and months 

per year) were recorded via response categories. While the sports and exercise component is 

traditionally reported as an index score, ranging from 1 (low active) to 5 (high active), for 

this analysis, data were re-scored by taking the product of the duration and frequency 

weighted by the metabolic equivalent of task (MET)22 that corresponds to each of the 

reported activity types. These activity specific estimates in MET min wk−1 were then 

summed across all reported activity types to derive the final MVPA summary score (also 

expressed as MET min wk−1).22 MVPA trajectory classes from midlife to older adulthood 

were estimated using the sports and exercise summary scores from Exams 1, 3, and 5.

Outcome: Falls—Information on falls was collected during three follow-up telephone 

calls (2013–14, 2015–16, and 2016–17) used for ongoing surveillance of the cohort. A fall 

was defined as unintentionally coming to rest on the ground, floor, or other level lower than 

one’s starting point.3,23,24 Participants were asked whether they experienced a fall (yes/no) 

in the previous six months (2013–14) or twelve months (2015–16 and 2016–17) and, if so, 

reported the total number of falls (up to six or more). The falls questions were included for 

the first time in the semi-annual follow-up call and utilized a six month recall time frame. 

This was revised to a twelve month recall time frame in subsequent administrations to be 

consistent with the question structure used in the Behavioral Risk Factor Surveillance 

System to facilitate comparability with a nationally representative sample of U.S. adults. A 

binary “any falling” outcome was assigned the value of 1 to participants who report falling 

in any of the three falls survey cycles, otherwise it was assigned 0. The “number of falls” 

outcome was calculated by taking the sum of the number of falls across all three survey 

cycles. Dates of falls were not available so averaged person-time accounting methods were 

used to incorporate differential fall times. Participants reporting no falls throughout the study 

period provided the full 6+12+12=30 person-months of observation. Participants who fell 

were assigned person-months based on the midpoint of the closest recall timeframe. As an 

example, a participant reporting their first fall on the 2016 (third) survey was assigned 

6+12+(12/2) = 24 person-months of observation time. This approach averages out unknown 

differential fall times within the observation intervals.

Statistical Analysis

Descriptive statistics included frequency distributions, measures of central tendency (mean) 

and measures of variability [standard deviation (SD)]. Baseline characteristic comparisons 

over MVPA trajectory classes used analysis of variance (ANOVA) F-tests and Chi-square 

tests for continuous and categorical variables respectively. MVPA estimates (MET min wk
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−1) were skewed and log (base 2) transforms were used to derive the MVPA trajectory 

classes.

Latent class growth analysis was used to identify major trajectory classes of MVPA and 

model selection used Bayesian Information Criteria goodness of fit statististics and prior 

literature.25 Under a missing at random assumption, latent growth models are able to 

estimate MVPA trajectory classes for all participants regardless of whether data were 

missing, which generally decreases bias when compared to a complete-case analyses. After 

the MVPA trajectory classes were determined, participants were assigned to the trajectory 

class reflecting their highest posterior probability.26 Multinomial logistic models were used 

to examine adjusted relative risk ratio (aRRR) associations of predictors with the assigned 

trajectory classes. Generalized Linear Models using log-links, Poisson distributions and 

log(months) offset terms to account for differential recall assessment times were used to 

estimate adjusted incident relative risk (aIRR) associations of MVPA trajectory class with 

any falling, and adjusted rate ratio (aRR) associations with the number of falls. All models 

were adjusted for baseline values of age, sex, race-site, education, income, self-rated health, 

BMI, smoking, television viewing, diabetes, hypertension and prevalent cardiovascular 

disease. Television viewing was included as a covariate given it has been shown to be an 

acceptable proxy measure for sedentary behavior and is related to a variety of non-

communicable disease outcomes.27 Further, under the 24-hour activity cycle framework28, 

physical activity and sedentary behaviors are inter-related behaviors that characterize waking 

time (i.e., time spent sedentary offsets active time). Sensitivity analyses to missing data were 

conducted by examining similar models using only the participant base who contributed 

physical activity data at all three exam visits. Additional sensitivity analyses to missing data 

were conducted using an inverse proportional weighting approach. All statistical analyses 

were conducted in STATA v. 15 (StataCorp, LLC., College Station, TX).

RESULTS

Four major MVPA trajectory classes were identified in ARIC participants with patterns 

reflecting: (1) maintained low (22%), (2) increasing (14%), (3) decreasing (15%), and (4) 

maintained high (48%) MVPA (Figure 1). Differences in baseline characteristics by MVPA 

trajectory group were all statistically significant (all comparisons p<0.001; Table 1). In 

general, men, whites, and those with a college education were more likely to be assigned to 

the maintained high MVPA trajectory group. Table 2 provides additional context on 

associations of socio-demographic, health status, and behavioral characteristics with MVPA 

trajectory groups. For example, men were approximately 40% less likely to be characterized 

as maintained low MVPA versus maintained high MVPA group compared to women 

[aRRR=0.60 (0.48, 0.73)]. Jackson participants were almost twice as likely to be in the 

maintained low MVPA group when compared with Washington County participants 

[aRRR=1.79 (1.36, 2.37)]. Similarly, participants were over three times as likely to be in the 

maintained low MVPA group versus the maintained high group if they had less than high 

school education versus college and above [aRRR=3.47 (2.54, 4.74)], or income less than 

$25,000 versus income ≥$50,000 [aRRR=1.45 (1.06, 2.00)], or fair/poor self-rated health 

versus excellent health [aRRR=1.82 (1.30, 2.55)], or obese versus underweight/normal 

[aRRR=2.16 (1.66, 2.81)], or a smoker versus non-smoker [aRRR=1.92 (1.52, 2.43)], or had 
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prevalent versus no type 2 diabetes [aRRR=1.61 (1.11, 2.33)]. Table 3 shows the adjusted 

associations of MVPA trajectory groups with fall outcomes, including any falling (yes 

versus no) and number of falls. For the any falling outcome, the decreasing MVPA trajectory 

group had a 14% higher risk of any falling compared to the maintained high physical activity 

group [aIRR=1.14 (1.01, 1.28)]. For the number of falls outcome, when compared to the 

maintained high MVPA group (42 falls per 100 persons per year), the maintained low 
MVPA group had a 28% higher rate of falls [52 falls per 100 persons per year, aRR=1.28 

(1.14, 1.44)] and the decreasing group had a 27% increased rate of falls [57 falls per 100 

persons per year, aRR=1.27 (1.17, 1.38)]. Sensitivity analyses using both conditioning on 

the sample of ARIC participants with reported MVPA data at all three time-points 

(Supplemental Tables 1–3) and inverse-proportional weighting (Supplemental Table 4) 

showed similar associations as our main analyses and did not change overall interpretations.

DISCUSSION

In the current study, four distinct patterns of MVPA change emerged during midlife in a 

well-characterized and diverse sample of black and white men and women. Further, the 

majority of participants (70%) were assigned to a trajectory group that reflected patterns of 

MVPA maintenance across midlife, with the highest proportion of participants (48%) 

assigned to the maintained high group. When compared to the maintained high MVPA 

group, participant characteristics reflecting membership in the maintained low group largely 

mirrored factors shown in other studies to be related to inadequate MVPA levels.29,30 

Finally, study findings suggest that when compared to a trajectory pattern supporting 

maintenance of high MVPA from midlife to older adulthood: 1) decreasing MVPA across 

midlife increases risk of any fall and 2) decreasing and maintaining low MVPA across 

midlife were susceptible to an increased rate in the number of falls during later life. Thus, 

we are unable to confirm findings from previous studies that demonstrated a u-shaped 

relation of physical activity and falls.3–6 Yet, study findings complement results of prior 

randomized controlled trials, but provide novel information on the influence of life-course 

changes in MVPA on subsequent fall risk within a naturalistic setting.

Falls are the leading cause of injury and death from injury in older adults.31 Based on 2014 

CDC Behavioral Risk Factor Surveillance System data, 28.7% of U.S. older adults reported 

an estimated 29.0 million falls in the past 12 months.31 Using multiple data sources, Burns 

et al. reported that the direct costs for fatal and non-fatal falls in the U.S. were $616.5 

million and $31.3 billion, respectively.32 With the aging Baby Boomer generation, it is 

expected that the U.S. older adult population will increase by 55% in 2030, which means 

that more individuals will be susceptible to falls than ever before. This Silver Tsumani is 

projected to result in an estimated 48.8 million falls and 11.9 million injurious falls.31 

Therefore, it is of critical importance to continue to identify effective fall prevention 

strategies to minimize the impact of the Silver Tsunami.

Indeed, there is a strong body of literature that has identified a variety of intervention targets 

to reduce the risk of falls among older adults. For example, the CDC published the third 

edition of the CDC Compendium of Effective Fall Interventions: What Works For 
Community Dwelling Older Adults12 in 2015, which details specific interventions that have 
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been shown to be effective for fall prevention, including those focused specifically on 

habitual physical activity. Yet, these evidence-based intervention strategies exclusively target 

older adults. Findings from the current study suggest that physical activity during midlife 

may also reduce the risk falls in older adulthood and supports the implementation of fall 

prevention strategies during midlife to optimize successful aging and reduce risk of falls.33 

Regarding the outcome of any fall, participants demonstrating a pattern of decreasing MVPA 

overtime had a statistically significantly higher risk of falls in later life. This suggests that 

exercise participation closest in time to the outcome confers benefit in relation to any fall, 
which is a notion supported by the underlying biological plausibility including maintenance 

of optimal physical functioning34–36 and overall resilience (i.e., the ability to “bounce back” 

or recover from a fall).37

With no differences observed in any fall between the maintained low and maintained high 
MVPA groups, study findings also support the premise that fall risk can also decrease as a 

result of physical activity restriction due to mobility limitations and/or a fear of falling.38,39 

However, regarding the number of falls outcome, the maintained low MVPA group had a 

28% higher rate in the number of falls (an additional 10 reported falls per 100 person years) 

when compared to the maintained high MVPA group; an observed rate that was similar 

among the decreasing MVPA group. Yet, findings suggested no differences in either fall 

outcome in the increasing group compared to maintained high MVPA group, which supports 

the notion that it is never too late in life to become physically active or begin an exercise 

program. This important finding further supports the inclusion of midlife adults in health 

promotion efforts targeting physical activity initiation and maintenance for fall prevention.

Study strengths include use of the well-characterized ARIC cohort, including representation 

of black and white men and women. This provided the unique opportunity to examine the 

role of MVPA during the midlife to older adult transition as a possible fall prevention 

strategy in older adulthood, which has not been explored widely in the literature due to the 

limited number of studies with sufficient follow-up to characterize important adult life-

course transitions. Despite these strengths, there are limitations to consider including the use 

of reported physical activity data, which may be prone to recall bias.40 Further, physical 

activity data from three time-points were used to construct the trajectories. Additional time-

points may have resulted in greater refinement of the various trajectory classes. For example, 

in the Study of Women’s Health Across the Nation (SWAN) cohort, five physical activity 

trajectories (also utilizing reported participation in sports and exercise or MVPA) emerged 

including three patterns of maintenance [low (26.2%), middle (23.9%), and high (14.1%)] 

and increasing (13.4%) and decreasing (22.4%) physical activity based on data collected 

over ≥ 3 of 7 available time points.25 Also, the date of reported falls were not collected, 

which makes it challenging to report the average follow-up period with any precision. 

Therefore, the observed measures of association should be interpreted with caution given 

that averaged person-time accounting methods were used to incorporate differential fall 

times. However, physical activity data collection did precede the falls measures. Further, as 

previously mentioned, the recall time frame for falls ascertainment changed from six to 

twelve months after the first administration, which was done to optimize comparability with 

the Behavioral Risk Factor Surveillance System falls questions. Importantly, a six and 

twelve month recall time frame are relatively long periods and may have led to inaccuracies 

Gabriel et al. Page 7

Prev Med. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in the reporting of falls, and these biases may vary by recall time frame. Yet, a fall event, 

particularly if an injury was sustained, is likely more salient and easily recalled and reported 

than more habitual behaviors or events. Finally, several factors that have been shown to be 

associated with fall risk41, including depression, cognitive and physical functioning were not 

assessed in ARIC at Exam 1 and; therefore, not included in these analyses. However, given 

that these factors are also associated with low or declining MVPA levels1, their influence 

was likely characterized by MVPA trajectory exposure group assignment.

CONCLUSIONS

The principal findings from the current study suggest that promoting habitual MVPA during 

midlife, in addition to older adulthood, may be an effective intervention strategy to reduce 

subsequent risk of falls in older adulthood. Without additional fall prevention strategies, a 

Silver Tsunami is projected which will cause significant health and financial burden to the 

U.S. health care system. Future studies should examine the effectiveness of activity types 

across the intensity spectrum that are both effective in reducing late life falls and acceptable 

to a variety of populations across the lifespan, including the potential health benefits of light 

intensity physical activity.
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HIGHLIGHTS

• Few studies have characterized physical activity from midlife to older 

adulthood.

• Physical activity from midlife to older adulthood can reduce fall risk.

• Findings support public health campaigns centered on physical activity 

promotion.
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Figure 1. 
Latent class moderate to vigorous intensity physical activity trajectory classes identified in 

ARIC, using reported data from the ARIC/Baecke, a self-administered reliable and valid 

self-report recall questionnaire (n=15,792).20 A MET·min·wk−1 value of 450 is reflective of 

meeting aerobic physical activity guidelines (walking or lower threshold of moderate 

intensity physical activity = 3 METs * 150 min·wk−1).
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