

[image: image1]
Frailty and poor physical functioning as risk factors for driving cessation









 


	
	
ORIGINAL RESEARCH
published: 03 May 2024
doi: 10.3389/fpubh.2024.1298539








[image: image2]

Frailty and poor physical functioning as risk factors for driving cessation

Thelma J. Mielenz1,2*, Haomiao Jia3, Carolyn G. DiGuiseppi4, David Strogatz5, Howard F. Andrews3,6, Lisa J. Molnar7, David W. Eby7, Linda L. Hill8 and Guohua Li1,2,9


1Department of Epidemiology, Mailman School of Public Health, Columbia University, New York, NY, United States

2Center for Injury Science and Prevention, Columbia University Irving Medical Center, New York, NY, United States

3Department of Biostatistics, Mailman School of Public Health, Columbia University, New York, NY, United States

4Department of Epidemiology, Colorado School of Public Health, University of Colorado Anschutz Medical Campus, Aurora, CO, United States

5Bassett Research Institute, Cooperstown, NY, United States

6Department of Psychiatry, Vagelos College of Physicians and Surgeons, Columbia University, New York, NY, United States

7University of Michigan Transportation Research Institute, Ann Arbor, MI, United States

8School of Public Health, University of California San Diego, La Jolla, CA, United States

9Department of Anesthesiology, Vagelos College of Physicians and Surgeons, Columbia University, New York, NY, United States

Edited by
 Yunhwan Lee, Ajou University, Republic of Korea

Reviewed by
 Luenda Charles, Centers for Disease Control and Prevention (CDC), United States
 Revital Feige Gross Nevo, Independent Researcher, Jerusalem, Israel

*Correspondence
 Thelma J. Mielenz, tjm2141@cumc.columbia.edu 

Received 21 September 2023
 Accepted 01 April 2024
 Published 03 May 2024

Citation
 Mielenz TJ, Jia H, DiGuiseppi CG, Strogatz D, Andrews HF, Molnar LJ, Eby DW, Hill LL and Li G (2024) Frailty and poor physical functioning as risk factors for driving cessation. Front. Public Health 12:1298539. doi: 10.3389/fpubh.2024.1298539
 

Introduction: Frailty and low physical performance are modifiable factors and, therefore, targets for interventions aimed at delaying driving cessation (DC). The objective was to determine the impact of frailty and physical performance on DC.

Methods: Multisite prospective cohort of older drivers. The key inclusion criteria are as follows: active driver age 65–79 years, possessing a valid driver’s license, without significant cognitive impairment, and driving a 1996 car or a newer model car. Of the 2,990 enrolled participants, 2,986 (99.9%) had at least one frailty or Short Physical Performance Battery (SPPB) measure and were included in this study. In total, 42% of participants were aged 65–69 years, 86% were non-Hispanic white, 53% were female, 63% were married, and 41% had a high degree of education. The Fried Frailty Phenotype and the Expanded Short Physical Performance Battery (SPPB) from the National Health and Aging Trends Study were utilized. At each annual visit, DC was assessed by the participant notifying the study team or self-reporting after no driving activity for at least 30 days, verified via GPS. Cox proportional hazard models, including time-varying covariates, were used to examine the impact of the SPPB and frailty scores on time to DC. This assessment included examining interactions by sex.

Results: Seventy-three participants (2.4%) stopped driving by the end of year 5. Among women with a fair SPPB score, the adjusted hazard ratio (HR) of DC was 0.26 (95% confidence interval (CI) 0.10–0.65) compared to those with a poor SPPB score. For those with a good SPPB score, the adjusted HR of DC had a p-value of <0.001. Among men with a fair SPPB score, the adjusted hazard ratio (HR) of DC was 0.45 (95% CI 0.25–0.81) compared to those with a poor SPPB score. For men with a good SPPB score, the adjusted HR of DC was 0.19 (95% CI 0.10–0.36). Sex was not an effect modifier between frailty and DC. For those who were categorized into pre-frail or frail, the adjusted ratio of HR to DC was 6.1 (95% CI 2.7–13.8) compared to those who were not frail.

Conclusion and relevance: Frailty and poor physical functioning are major risk factors for driving cessation. Staying physically active may help older adults to extend their driving life expectancy and mobility.

Keywords
 older adults; driving cessation; frailty; physical performance; driving outcomes


Introduction

Driving cessation (DC) decreases independence and leads to poorer physical, mental, and social health (1). Frailty and physical performance are both modifiable factors by behavioral factors such as progressive exercise interventions (2). The Short Physical Performance Battery (SPPB), a comprehensive lower extremity physical performance measure is a strong predictor of skilled nursing admission, morbidity, and mortality (3, 4). It has also been found to be a good measure of physical functioning and driving outcomes (3, 4). The SPPB has previously been assessed as a predictor of DC (4). Gill et al. found that low SPPB scores were associated with 120% of the hazard of DC [HR = 2.2, 95% CI 1.3, 3.7] compared to high scores (3, 5). However, this sample came from one health plan in one geographic region and was oversampled based on physical disability (5). The data from our study sample may yield results that are more generalizable than those from the study by Gill et al. (5).

While the SPPB provides a valuable measure of physical capabilities in terms of lower extremity physical function, frailty is a clinical syndrome that develops following a decline in function and resilience across numerous physiological systems. Therefore, frailty provides an alternative, more comprehensive measure of physical capabilities than the SPPB (6, 7). Frailty is associated with falls, disability, hospitalization, and injury mortality (6–8). Baseline frailty in this cohort has previously been found to be associated with the rate of DC at 1 year HR of 4.2 (95% CI: 1.9–9.1) for pre-frail and HR of 6.1 (95% CI: 1.4–27.3) for frail participants (8). Ishii et al. evaluated driving cessation as the exposure and physical frailty transition as the outcome in a cohort of 2,934 older Japanese adults (9). They reported that driving cessation was a risk factor for frailty, as indicated by a 4.6% versus 17.1% difference in the rates for frailty transition (9). Our study is the first to evaluate time-varying frailty as the exposure and driving cessation as the outcome longitudinally.

The aim of this study was to examine the impact of frailty and SPPB on the likelihood of DC. We hypothesized that the presence of frailty and poor SPPB would lead to a higher likelihood of DC.



Methods


Participants, design, and procedures

We utilized the AAA Longitudinal Research on Aging Drivers (LongROAD) cohort, and the methods were described in detail previously (10). Using a clinical convenience sample, 40,806 patients were approached, with 7.3% enrolling in the study. LongROAD was a multisite prospective cohort of 2,990 older drivers enrolling participants aged 65–79 years recruited between July 2015 and March 2017 from five sites: Ann Arbor, MI; Baltimore, MD; Cooperstown, NY; Denver, CO; and San Diego, CA. The inclusion criteria were as follows: (1) living at their current address 80% of the year, (2) possessing a valid driver’s license, (3) driving on average at least once per week, (4) having no significant cognitive impairment, (5) driving one vehicle ≥80% of the time, (6) driving a vehicle with model year 1996 or newer with an available OBDII port, (7) not involved in another driving study, (8) planning to stay in their current location for another 5 years, and (9) not living with a current LongROAD participant (10). The annual data collection was completed in the following date ranges: Baseline —6 July 2015 to 31 March 2017; Year 1—6 July 2016 to 20 June 2018; Year 2—21 June 2017 to 8 June 2019; Year 3—3 July 2018 to 30 April 2020; Year 4—25 June to 24 November 2021; and Year 5—31 August 2020 to 27 September 2022. The Baseline, Year 2, and Year 4 or 5 (due to COVID-19 half of the cohort in Year 4 and the other half of the cohort in Year 5) visits were conducted in person. The other visits were conducted by telephone. Participants classified by the Fried Frailty Phenotype (FFP) or SPPB at least once (n = 2,986, 99.9%) were included in this analysis.



Measures


Covariates

It is well known that poor cognition and vision are important risk factors for driving cessation. Episodic and working memory were measured with immediate and delayed word recall tasks with higher scores indicative of better cognitive health (11). The Motor Free Visual Perception Test (MVPT-3) measured overall visual perception ability based on test items 22–34 (scores ranged from 0 to 13 with 13 indicating better visual perception) (12, 13).



Exposure


Short physical performance battery

Lower extremity physical function was measured using scores from the timed components of the National Health and Aging Trends Study (NHATS) Expanded SPPB: walking speed; repeated chair stands; three original standing balance tests (side-by-side, semi-tandem, and tandem); and an additional balance test (standing on one leg with eyes open) (14). Each participant received scores ranging from 0 to 4 for the three components. An SPPB summary score ranging from 0 to 12, with 12 representing the highest performance level, was created by summing the three scores. To account for a high level of performance in this cohort, cutoffs for each category were raised so that the SPPB scores are categorized as poor (0–7), fair (8–10), and good (11–12) (3).




Frailty

Frailty was measured using the FFP (6–8). Frailty status was evaluated by assessing five criteria on a pass/fail basis: shrinking (unintentional loss of ≥10 pounds in the past year or being underweight according to a body mass index (BMI) of ≤18.5 kg/m2), weakness (grip strength in the lowest 20% of the population, adjusted for sex and BMI), exhaustion (self-report of having poor endurance and energy), slowness (slowest 20% of the population based on time to walk 15 ft., adjusted for sex, and standing height), and low physical activity (not having recently walked for exercise or engaged in vigorous physical activity). If three or more of these criteria were met, the participant was classified as frail; if one or two criteria were met, the participant was classified as pre-frail; and if none was met, the participant was classified as not frail (6). In this study, the pre-frail and frail categories were collapsed into the “frail” category due to the models not converging with separate categories.



Primary outcomes


Driving cessation

Driving cessation was based on participants’ self-report, which was captured in one of the three ways. First, questions about driving status were assessed at each annual follow-up visit. Second, participants were instructed to notify the study team if they stopped driving. Third, participants’ driving activity was monitored using an in-vehicle GPS device. If there was no driving for at least 30 days, the study team reached out to participants to identify their current driving status.





Statistical analysis

Cox proportional hazard (PH) models with time-varying covariates were used to examine the impact of annual SPPB and frailty with time to DC among those who were still driving. SPPB and frailty were examined in separate PH models. The model fits data from day 0 to the end of the follow-up for each person. Each model included the following covariates to control confounding of data: age, sex, marital status, education, delayed and immediate word recall, and MVPT-3. All these covariates (except for sex) were time-varying (The model estimates were adjusted for clustering within each site.). The models were tested for interaction by sex.




Results

At baseline, 42% were 65–69 years old, 53% were female, 86% were non-Hispanic white, 41% had an advanced degree, and 63% were married (Table 1).



TABLE 1 Characteristics of baseline participants (N = 2,986).
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Seventy-three participants stopped driving by Year 5. One participant resumed driving after having stopped. The interaction between SPPB fair level and sex was not significant (p = 0.32), and the interaction between SPPB good level and sex was significant (p = 0.0001). Overall, the interaction between SPPB and sex was significant (p = 0.0271), thus we ran both combined and stratified models by sex. For the combined models, after controlling for the time-varying covariates and comparing fair SPPB to poor SPPB, the results were as follows: adjusted (age, sex, marital status, education. delayed and immediate word (NOTE: NOT WORK), and vision) and adjusting for clustering within each site, the hazard ratio (aHR) was 0.31 (95% confidence interval (CI) 0.18, 0.52). Comparing good SPPB to poor SPPB the aHR was 0.09 (95% CI 0.04, 0.20). Among men, after controlling for the time-varying covariates (age, marital status, education, delayed and immediate word recall, and vision) and sex and adjusting for clustering within each site, the comparison of fair SPPB to poor SPPB, yielded the following results: the adjusted hazard ratio (aHR) was 0.45 (95% confidence interval (CI) 0.25, 0.81). Comparing good SPPB to poor SPPB, the aHR was 0.19 (95% CI 0.10, 0.36). Among women, after controlling for the time-varying covariates (age, marital status, education, delayed and immediate work recall, and vision) and adjusting for clustering within each site, comparing fair SPPB to poor SPPB, the results were as follows: adjusted hazard ratio (aHR) was 0.26 (95% CI 0.10, 0.65). Comparing good SPPB to poor SPPB, the aHR was <0.001 (see Table 2). For FFP, sex was not a significant effect modifier in the relationship between frailty and driving cessation (p = 0.9810) (see Table 3).



TABLE 2 Unadjusted and adjusted association of short physical performance battery (SPPB) with time to driving cessation.
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TABLE 3 Unadjusted and adjusted association of frailty status with time to driving cessation.
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After controlling for the time-varying covariates (age, marital status, education, delayed and immediate work recall, and vision) and sex and adjusting for clustering within each site, the comparison of pre-frail and frail individuals with those not frail resulted in a HR of 6.1 (95% CI 2.7, 13.8).



Discussion

This study assessed the impact of repeated measures of frailty and SPPB and followed participants over 5 years for the likelihood of DC. Over the 5-year study period, we found a protective association of higher physical performance, especially in women, and a negative association of frailty with time to DC. Ishii et al. found that DC was an independent risk factor of physical frailty transition in older adults, but this is the first study to assess the impact of physical frailty transition on DC (9). Previous research utilized the baseline LongROAD data and evaluated SPPB with driving space and crashes, but did not find effect modification by sex (3). Gill et al. (5) assessed the risk factors associated with long-term disability in the community including driving a car and found that women had a HR of 1.86 (95% CI 1.41–2.46). Although sex differences in frailty are widely reported, we did not find sex differences while evaluating the time to driving cessation (15–17). It has been reported that women are more likely to transition into frailty and are more likely to change frailty status, and this should be evaluated in future studies (15, 18).

Frailty is not a static state and has been shown to be a dynamic state in a meta-analysis of 42,775 community-dwelling older adults, where 13.7% of them improved (15, 18). Targeted exercise interventions starting with balance and flexibility and then progressing to endurance and resistance training are shown to improve physical function in frail older adults when targeting the pre-frail (2, 15). More specifically, the American College of Sports Medicine guidelines suggest that resistance and balance training begin before endurance training (2, 19). Interventions incorporating exercise, nutrition, cognitive training, and behavioral therapy have shown sustained (6 months) improvements in frailty status (2, 20). Physical activity interventions prevented decline in on-road driving performance (21, 22). Age-related changes in both physical and cognitive function lead to driving cessation. These non-cognitive changes such as muscle strength are modifiable (23).

A limitation of this study is the low response rate to our clinical convenience sample, which may limit the generalizability of the findings to the entire US population of older drivers (3, 10). In the methods paper for LongROAD, Li et al. stated that the sample was overrepresented by non-Hispanic whites and individuals with higher education status (3, 10). In summary, improving both frailty and physical performance in older adults by keeping physically active, ensuring adequate nutrition, and undergoing cognitive training are interventions that older adults can focus on to potentially delay DC.



Conclusion

Frailty and poor physical functioning impacted driving cessation. Future interventions should target frailty and poor physical functioning to prolong driving cessation.
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