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Abstract

Cognitive dysfunction is a predictor of driving cessation in older adults and a common sequela of 

heart failure (HF). Although HF has been associated with an increased risk of driving cessation, 

the independent relationship between HF and driving cessation after cognitive function is 

considered remains to be established. The objective of these analyses is to examine HF as an 

independent predictor of driving cessation across three years among a cohort of older drivers in the 

United States. Analyses included 850 older adults who completed sensory, cognitive, and physical 

measures at baseline and mobility and health measures at a three-year follow-up. Cox regression 

was used to examine the effects of HF, stroke, vision, cognition, and physical function as 

predictors of incident driving cessation over three years. Participants with HF were over three 

times more likely to cease driving, HR = 3.19, 95% CI [1.27, 8.02], p = .014. However, HF was no 

longer a significant predictor of driving cessation when cognitive performance was considered, HR 
= 1.70, 95% CI [0.67, 4.30], p = .262. These findings suggest that the risk of driving cessation may 

be a consequence of the cognitive dysfunction associated with HF, rather than from HF itself. 

Cognitive training should be investigated among persons with HF to potentially prolong driving 

mobility.
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1. Introduction

Heart failure (HF) is a chronic, progressive disease affecting 6.5 million people in the United 

States (Benjamin et al., 2017). HF arises as a result of an abnormality in the cardiac 

structure, function, rhythm, or conduction (Kemp and Conte, 2012) and becomes 

increasingly prevalent with age (Benjamin et al., 2017). Cardiac (e.g., hypertension, diabetes 

mellitus, anemia) and non-cardiac (osteoporosis, asthma) comorbidity is prevalent in HF 

(Madvig et al., 2011; van Deursen et al., 2014) with approximately 60% of individuals with 

HF having three or more medical comorbidities accompanied by functional and cognitive 

impairment (Murad et al., 2015). Among older adults, HF may be a risk factor for driving 

cessation (Sims et al., 2011), which can lead to decreased quality of life (Chihuri et al., 

2016). One in four patients with HF have cognitive impairment affecting three or more 

domains of cognition (Pressler et al., 2010). However, whether HF is an independent 

predictor of driving cessation when cognitive function is considered remains to be 

established. The current study seeks to examine HF as a predictor of driving cessation 

among older adults and to investigate whether HF remains a significant risk factor for 

driving cessation after accounting for cognitive function and other known risk factors.

It is important to examine risk factors for driving cessation as it has adverse implications for 

individuals’ health and well-being (Edwards et al., 2009b; Marottoli et al., 2000). For 

example, driving cessation is associated with higher risk of nursing home admissions 

(Freeman et al., 2006). Additionally, Edwards and colleagues (2009b) found that older adults 

who discontinued driving experienced greater declines in health over time.

The compromised cognitive function associated with HF may potentially lead to changes in 

driving habits. Although previous studies have identified HF as a risk factor for driving 

cessation (Sims et al., 2011), the relation between HF and driving cessation may be due to 

the cognitive impairments associated with both phenomena (Alosco et al., 2013; Alosco et 

al., 2014). Cognitive dysfunction, especially in domains of executive function, attention, and 

speed of processing are common in individuals suffering from HF (Leto and Feola, 2014). A 

study by Gure and colleagues (2012) indicated that approximately 40% of patients aged 65 

and older diagnosed with HF are cognitively impaired. One recent study showed that older 

adults with HF performed more poorly on speed of processing for visual attention tasks as 

measured by the Useful Field of View Test (UFOV®) than those without HF (Alwerdt et al., 

2013). The UFOV is a significant predictor of driving outcomes including driving cessation 

(Ackerman et al., 2008; Edwards et al., 2010; Edwards et al., 2008; Emerson et al., 2012). 

Thus, it may be that the cognitive impairment associated with HF leads to driving cessation.

Several other factors besides cognition are indicative of risk for driving cessation. In 

addition to the UFOV, poor cognitive performance on other measures of speed of processing, 

including the Digit Symbol Substitution Test (Edwards et al., 2008) and the Trail Making 

Test-Part A (Emerson et al., 2012) are predictive of driving cessation. Memory, as indicated 

by the Benton Visual Retention Test (Emerson et al., 2012), and everyday reasoning, as 

indicated by the Everyday Problems Test (Ackerman et al., 2008), have also been identified 

as predictors of driving cessation. Poor physical functioning, as measured by the Turn 360 

test, the short form health survey (SF-36; Ackerman et al., 2008; Edwards et al., 2008), and 
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difficulty walking half a mile (Sims et al., 2011) have also been associated with driving 

cessation. In addition to poor cognitive and physical functioning, older age (Ackerman et al., 

2008; Edwards et al., 2010; Edwards et al., 2008; Emerson et al., 2012; Sims et al., 2011), 

poorer vision (Emerson et al., 2012; Sims et al., 2011), lower number of days driven per 

week (Ackerman et al., 2008; Edwards et al., 2010), and stroke (Sims et al., 2011), increase 

risk for driving cessation.

Although HF was shown to be a risk factor for driving cessation (Sims et al., 2011), no prior 

studies have examined if this association can be explained by the concomitant cognitive 

impairments (Alosco et al., 2013; Alosco et al., 2014; Alwerdt et al., 2013). Thus, whether 

HF is an independent predictor of driving cessation remains unclear. The purpose of these 

analyses was to examine HF as a predictor of driving cessation across three years among a 

cohort of older drivers in the United States. We hypothesized that HF would not significantly 

predict driving cessation when considering cognitive function.

2. Method

2.1. Participants

Participants were drawn from the Staying Keen in Later Life (SKILL) and the Advanced 

Cognitive Training for Independent and Vital Elderly (ACTIVE) studies. Previous research 

has used combined data from the SKILL and ACTIVE studies as the inclusion criteria, 

measures, and procedures overlapped (Edwards et al., 2009a). To be eligible for inclusion in 

the present analyses, participants from both studies were current drivers at baseline, did not 

receive any cognitive training, and successfully completed a three-year follow-up. The 

SKILL and ACTIVE samples are described respectively below.

The SKILL study involved community dwelling adults who were recruited from Alabama 

and Kentucky via mass mailings. Inclusion criteria for SKILL were as follows: 60 years of 

age or older, a literacy level of fifth grade or above, adequate vision (far visual acuity 20/80 

or better), and a score of 23 or above on the Mini Mental State Exam (MMSE), as detailed 

elsewhere (Edwards et al., 2005b). Participants from the SKILL study who completed the 

baseline phase, defined themselves as current drivers, did not receive cognitive training, and 

were successfully contacted for follow-up three years later were eligible for inclusion in 

these secondary data analyses, resulting in 434 participants from SKILL.

The ACTIVE study involved community dwelling adults who were recruited from six 

metropolitan areas throughout the United States. Inclusion criteria for ACTIVE were as 

follows: 65 years of age or older, adequate vision (far visual acuity 20/50 or better), no 

functional impairments, and a score of 23 or above on the MMSE. Inclusion criteria for the 

ACTIVE study are detailed elsewhere (Jobe et al., 2001). In the ACTIVE study, 698 

participants were randomized to the control condition, and did not receive cognitive training. 

Of these participants, 443 were baseline drivers who completed the three-year follow up and 

were included in analyses.

The combined SKILL and ACTIVE analytic sample (N = 877) consisted of adults ranging in 

age between 63 to 91 years. Participant demographics by HF status are displayed in Table 1.
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2.2. Measures

The MMSE (Folstein et al., 1975) was administered in order to reduce the likelihood of 

including participants with dementia. Possible scores range from 0 to 30 with higher scores 

indicating better performance. Only those scoring 23 or above were included in analyses. 

The test-retest reliability of this measure ranges from .38 to .99 (Tombaugh and McIntyre, 

1992).

The touch, PC, four subtest version of the Useful Field of View Test (UFOV®) was used to 

assess cognitive speed of processing for visual attention tasks (Edwards et al., 2006). The 

UFOV is composed of four subtests, each progressively more difficult. For each subtest, the 

display-duration threshold value for 75% correct performance was measured, which varied 

from 16.67 to 500 ms. The first subtest requires the participant to identify a central target 

(car or truck). The second subtest includes the central target identification task with a 

simultaneous peripheral target localization. The peripheral target is presented at one of eight 

radial locations simultaneously with the presentation of the central target. The third subtest 

comprises the central target identification task and simultaneous peripheral localization task 

with added visual distractors surrounding the peripheral target. In the fourth subtest, 

participants are also required to simultaneously locate a peripheral target, but the central task 

involves determining whether two items presented in the center are the same or different 

(car/car, truck/truck or car/truck). The sum of the four subtest scores was used in analyses, 

with possible scores ranging from 66.68 to 2000 ms. The test-retest reliability of this 

measure ranges from .74–.81 (Edwards et al., 2005a).

The Wechsler Adult Intelligence Scale-Revised Digit Symbol Substitution Test was included 

as a measure of cognitive speed of processing (Wechsler, 1981). The test consists of a key 

with numbers (digits) ranging from 1 and 9 each paired with a corresponding unique 

symbol. Participants are also given a grid of empty squares with numbers above each square 

and are given 90 seconds to fill in the empty squares with the correct symbol that 

corresponds with the number provided in the key. The total correct substitutions made were 

recorded. The reliability of this measure has been reported as .82 (Wechsler, 1981).

Far visual acuity was measured via an early treatment of diabetic retinopathy letter chart 

using standard procedures (Jobe et al., 2001). Scores were assigned on a range from 0 to 90, 

depending on the number of letters that were correctly discriminated with a score of 90 

equivalent to a Snellen score of 20/16. A higher number reflected better far visual acuity.

The Turn 360 test was used to assess balance (Steinhagen-Thiessen and Borchelt, 1999). 

Participants were asked to stand and turn in one full circle. The number of steps required to 

make a full turn was used with fewer steps signifying better balance. Participants completed 

two turns and the average number of steps taken across two attempts was used for the 

analyses. The reliability of this measure has been reported as .92 (Tager et al., 1998).

Participants reported whether a doctor or nurse had informed them of any of the following 

existing health conditions: arthritis, asthma/chronic bronchitis/emphysema, cancer (other 

than skin cancer), chronic skin problems, diabetes, heart failure, high cholesterol, 

hypertension, mood problems, multiple sclerosis, osteoporosis, Parkinson’s disease, memory 
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impairment, and/or strokes (including transient ischemic attacks) using a previously 

validated survey (Jobe et al., 2001).

Driving behaviors were assessed via the Driving Habits Questionnaire (Owsley et al., 1999). 

The first question asked participants whether they were current drivers. This was defined as 

“someone who has driven a car within the last 12 months and someone who would drive a 

car today if they needed to.” All other questions pertained to current drivers and asked about 

driving frequency, driving difficulty, and driving space. Current driver status at baseline and 

three-year follow-up and driving frequency at baseline (defined as the number of days driven 

per week) were used in analyses. This questionnaire has demonstrated good test-retest 

reliability for current driver status, r = .73 and driving frequency, r = .83 (Owsley et al., 

1999).

2.3 Procedure

In the SKILL and ACTIVE studies, participants completed testing over 2–3 sessions from 

1.5 to 3 hours in duration and were allowed to take breaks at any time to avoid fatigue.

These secondary data analyses were conducted using the combined prospective cohort data 

from the SKILL and ACTIVE studies. Time to driving cessation was calculated as the 

number of months between baseline assessment and the reported date of driving cessation. 

For those who did not cease driving, time was right-censored at death or three-year follow-

up, whichever first occurred.

HF status was assessed using data from a yes/no item concerning whether a doctor or nurse 

ever diagnosed the individual with HF from the self-report health questionnaire. Responses 

to this item were collapsed across time points between baseline and three-year follow-up, 

yielding two groups: Those who were never diagnosed with HF from baseline to three-year 

follow-up and those diagnosed with HF at any time point between baseline to three-year 

follow-up.

2.4 Analyses

Statistical analyses were performed using the Statistical Package for Social Sciences 

software, version 23.0 (SPSS Inc., Chicago, IL). To aid in interpretation and adjust for 

variable scaling, UFOV, DSS, and Turn 360 performances were converted into z-scores with 

all outliers exceeding ±2.5 standard deviations assigned a z-score of ±2.5 (Wood et al., 

2005). Z-scores for UFOV, DSS and Turn 360 were used for analyses.

The analyses included Chi-square tests of independence to determine if there were 

differences in the HF groups by race or sex. A phi correlation was conducted to examine the 

degree of association between two binary variables, HF and driving cessation. Cox 

regressions were used to examine the probability of driving cessation across baseline to 

three-years. We explored three separate models with HF entered in the first step, UFOV and 

DSS entered in the second step, and other known predictors of driving cessation entered in 

the third step (Turn 360, age, far visual acuity, days driven per week, and stroke). HF was 

entered in the first step on the basis of previous literature citing HF as a significant predictor 

of driving cessation (Edwards et al., 2008; Sims et al., 2011). Next, to identify whether HF 
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remained significant after considering cognitive function, UFOV and DSS were entered as 

poorer performance on these measures is associated with driving cessation (Ackerman et al., 

2008). Well-documented predictors of driving cessation were entered in the last model 

including poor physical functioning, as measured by the Turn 360 test (Ackerman et al., 

2008; Edwards et al., 2008), older age (Ackerman et al., 2008; Edwards et al., 2010; 

Edwards et al., 2008; Emerson et al., 2012; Sims et al., 2011), poorer vision (Emerson et al., 

2012; Sims et al., 2011), average number of days driven per week (Ackerman et al., 2008; 

Edwards et al., 2010), and stroke (Sims et al., 2011).

3. Results

Of the 877 total SKILL and ACTIVE combined participants, 27 participants were excluded 

from analyses due to missing data. Eleven participants were missing Turn 360 scores, seven 

participants were missing baseline UFOV composite scores, three participants were missing 

data on driving status at three-year follow-up, three participants were missing race, one 

participant was missing baseline days driven per week, one participant was missing a DSS 

score, and one participant was missing data on stroke. Less than 1% of data points were 

missing. Missingness (missing one or more data points versus no missing data) did not differ 

by HF status, χ2(1, 875) = 0.007, p = .935 or MMSE scores, t(875) = −2.567, p = .010, d = 

0.17. Analyses included 850 participants. Of these participants, 34 stopped driving by the 

three-year follow-up. Descriptive statistics of these participants by HF status are reported in 

Table 1.

First, Chi-square tests of independence were calculated to determine if there were 

differences between HF groups in race or sex. Results indicated that there was no relation 

between HF and race, χ2(1, 848) = 0.077, p = .781, or HF and sex, χ2(1, 848) = 0.023, p = .

879.

Next, a phi correlation coefficient was calculated to examine the association between HF and 

driving cessation. Results indicated that there was a significant association between HF and 

driving cessation, Φ(848) = −.160, p < .001. Participants who had HF were more likely to 

cease driving compared to participants who did not have HF. Whereas only 3.4% of those 

without HF stopped driving, 20.7% of those with HF stopped driving in three years.

Cox regression survival analyses were used to determine if HF was a significant predictor of 

driving cessation across three years and, if so, whether HF remained significant after taking 

into account measures of cognition entered second, as well as physical functioning, age, far 

visual acuity, and baseline driving frequency entered last. Results indicated that HF was a 

significant predictor of driving cessation in model one. Individuals who were diagnosed with 

HF were three times more likely to cease driving. After adding UFOV and DSS performance 

in model two, HF was no longer a significant predictor of driving cessation, but UFOV 

emerged as a significant predictor (see Table 2). Individuals with poorer baseline UFOV 

performance were nearly three times more likely to cease driving. After adding other known 

predictors of driving cessation in model three, UFOV remained a significant predictor of 

driving cessation and days driven per week also emerged as a significant predictor. See Table 

2 for statistics.
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4. Discussion

While previous research has shown that HF is a predictor of driving cessation (Sims et al., 

2011), the effect of a HF diagnosis after considering cognitive function had not been 

previously examined. In the present study, we found that HF alone was a significant 

predictor of driving cessation. However, after considering cognitive function, HF was no 

longer a significant predictor of driving cessation across a three-year time period. Thus, the 

risk of driving cessation may be a consequence of the cognitive dysfunction associated with 

HF, rather than HF itself.

Poor speed of processing for visual attention tasks, as measured by the UFOV, is a known 

risk factor for driving cessation above and beyond physical health (Edwards et al., 2008). 

Prior research indicated that UFOV performance declines may precede a HF diagnosis 

(Alwerdt et al., 2013). Thus, although previous studies have identified HF diagnosis as a risk 

factor of driving cessation, the higher prevalence of cognitive decline, as measured by 

UFOV in particular, among those with HF may confer greater risk for driving cessation.

In addition, the present study found lower baseline driving frequency as a significant risk 

factor for driving cessation across a three-year period. Prior research indicates that 

individuals who drive less at baseline are more likely to cease driving (Edwards et al., 2008). 

In contrast, previously identified risk factors including age, DSS performance, and far visual 

acuity were not indicators of driving cessation in these analyses. One explanation for the 

lack of significant results for age, DSS and far visual acuity is that UFOV places both 

cognitive and sensory demands on the individual, regardless of age. Given the similarly 

multifactorial nature of driving, UFOV may be a stronger predictor of driving cessation than 

age, DSS, or visual acuity (Ackerman et al., 2008).

In the present study, HF status was self-reported, which is a limitation. Further, a small 

number of individuals self-reported HF (3%, n = 29). According to the Centers for Medicare 

and Medicaid Services (2017) claims data, HF prevalence is 14%. Our study involved 

community-dwelling healthy older adults, therefore HF prevalence is lower than what would 

be observed in a clinical population. Individuals in moderate to severe HF stages are less 

likely to participate in community-based research; therefore, the effect may be 

underestimated. Whether the participants with HF used a pacemaker/defibrillator was not 

collected. Although prior research has not found HF comorbidities to be independent 

predictors of driving cessation, with the exception of stroke, it is possible that other 

comorbidities not examined in this study, such as kidney disease, contribute to driving 

cessation. Another limitation is that the timing of HF diagnosis is unknown. However, prior 

research indicated that UFOV difficulties precede HF diagnosis, which lessens concerns 

(Alwerdt et al., 2013). Despite these limitations, the data highlight the importance of the role 

of cognitive dysfunction in HF.

The ability to drive is a major contributor to quality of life and independence (Almeida et al., 

2012; Emerson et al., 2012; Lossnitzer et al., 2013). Knowledge of negative social and 

health consequences due to medical conditions may facilitate early treatment as well as 

planning for driving cessation. Fortunately, cognitive training, specifically speed of 
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processing training, improves on-road driving performance (Roenker et al., 2003); prolongs 

driving mobility (Edwards et al., 2009c); reduces rates of driving cessation (Edwards et al., 

2009a); and reduces at-fault motor vehicle crash involvement (Ball et al., 2010). This 

intervention has shown potential efficacy in HF as well (Ellis et al., 2014).

5. Conclusions

Our findings suggest that patients with HF are at an increased risk for driving cessation 

particularly due to cognitive difficulties (i.e., UFOV). Future research should investigate 

heart failure diagnosis ascertained through medical records as a predictor of driving 

cessation to determine if similar results emerge. Although patients with HF have increased 

risk of cognitive decline compared to the general population, cognitive assessment or 

training is not recommended by the current HF guidelines, which should be addressed. 

Preliminary analyses indicate that cognitive speed of processing training may improve 

UFOV performance among individuals with HF (Ellis et al., 2014). Ongoing work is 

examining the potential effects of cognitive training in patients with HF.

Driving cessation may impair older adults’ mobility, social function, and can potentially 

result in loneliness and depression (Chihuri et al., 2016). Driving cessation may even 

accelerate health declines and thus increase mortality (Edwards et al., 2009b; Edwards et al., 

2009d). Multiple studies have demonstrated that UFOV training prolongs safe driving 

mobility among older adults (Edwards et al., 2009c; Roenker et al., 2003). Thus, cognitive 

training may be a viable option to sustain driving mobility and well-being among individuals 

with HF who may consequently be at an increased risk of cognitive impairment. Cognitive 

training can enhance driving performance for older adults (Roenker et al., 2003). Future 

research should further examine the impact of cognitive training on driving among older 

adults with HF or other cardiovascular diseases.
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Highlights

• Heart failure was an initial predictor of driving cessation.

• Heart failure was not a predictor of driving cessation after considering 

cognitive function.

• The ramifications of cognitive decline in heart failure patients should be 

considered.
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Table 1

Summary Statistics for Demographic and Inclusion Variables of Analytic Sample by Heart Failure Status

Measure Heart Failure
(n = 29)

No Heart Failure
(n = 821)

M (n) SD (%) M (n) SD (%)

Demographics

  Age (years) 74.72 5.48 72.76 5.36

  Sex (female) (18) (62.10) (521) (63.50)

  Race (Caucasian) (24) (82.80) (695) (84.70)

  Education (years) 13.59 2.26 14.03 2.67

Mini Mental State Exam 27.66 1.80 28.04 1.74

Cognition

  Useful Field of View* 1064.14 251.80 840.47 261.18

  Digit Symbol Substitution* 36.31 10.68 42.19 10.31

Sensory Function

  Far Visual Acuity 70.45 13.43 74.00 11.03

Physical Function

  Turn 360* 7.76 1.87 6.74 1.65

Driving Exposure

  Days Driven Per Week 5.62 1.45 5.76 1.63

Stroke (Yes)* (5) (17.24) (51) (6.21)

Note. For Turn 360 and UFOV tests, lower scores indicate better performance;

*
= significant baseline differences by HF as indicated by t tests or χ2 (p < .05).
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