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Abstract
Background: Human error is the main cause of car accidents, but it has not 
yet been clarified whether cognitive impairment related to dialysis sessions 
and/or comorbid medical conditions increases the risk of car accidents. Our 
objective was to explore dialysis patients’ perceptions of driving and the 
prevalence and predictors of car accidents among dialysis patients.

Methods: A cross-sectional questionnaire survey was conducted at eight 
dialysis units in Saudi Arabia. The study included all adult patients on in-
center hemodialysis for more than three months.

Results: Data were collected from 711 adults enrolled in the study. Among 
the participants, 55.1% were diabetic, 86.9% had hypertension, and 24.8% 
had coronary artery disease. Among the participants who continued to drive, 
137 had been involved in road traffic accidents. Many patients complained of 
post-dialysis fatigue (54.6%), which was associated with a higher risk of car 
accidents. Similarly, history of diabetes were also associated with more car 
accidents.

Conclusion: Many of the participants had stopped driving after starting 
dialysis or felt that continuing driving was unsafe. Health-care providers and 
institutions need to engage in patient transportation as part of holistic care 
delivery to dialysis patients.
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Introduction
Road traffic accidents are major causes of morbidity and mortality [1]. 

Driving is considered to be a complex task that requires undivided attention to 
the surroundings. Medical conditions are commonly overlooked as causes of 
car accidents [2]. Patients with chronic kidney disease commonly suffer from 
multiple comorbidities that can impair their ability to drive a vehicle safely 
[3]. Moreover, dialysis treatment commonly causes symptoms of hypotension 
and fatigue, which can lead to road traffic accidents [4, 5].

Transportation can play a role in missed or shortened dialysis treatment, 
which is associated with increased hospitalization, contributing to rising 
health-care costs [6]. Patients with advanced chronic kidney disease on 
regular hemodialysis (HD) are particularly vulnerable to road traffic accidents 
because they travel to dialysis units at least three times weekly. For those 
who require dialysis as a life-sustaining therapy, missing treatment sessions 
or treatment interruptions can lead to serious health consequences [7, 8].

However, few studies have examined these issues among HD patients. 
Because of this, it is paramount to investigate the association between 
road traffic accidents and dialysis therapy. Doing so could help health-care 
organizations create driving guidelines and provide services for dialysis 
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patients to prevent avoidable accidents from occurring.  Our 
study examines the prevalence and predictors of car accidents 
among dialysis patients as well as patients’ perceptions of 
the safety of self-driving to dialysis units. We hope that our 
study will contribute to the development of safe and effective 
transportation strategies for dialysis patients.

Methods 
This was a cross-sectional study, and we included adult 

patients at eight HD units between March 1, 2022, and 
December 1, 2022. We selected all patients on maintenance 
dialysis diagnosed with end-stage renal disease and on renal 
replacement therapy for more than 3 months. The study 
included patients aged 18 years or older. We collected 
demographic, clinical, and laboratory results from direct 
interviews with the clinical team, chart reviews, and patient 
surveys about driving perception and car accidents. We defined 
a car accident as “a sudden, unexpected occurrence leading 
to injury or trauma during driving.” Injury or trauma was 
defined as “tissue damage resulting from a transfer of different 
forms of energy either intentionally or unintentionally” [9]. 
Accidents were classified into three groups. The first group 
included fatal accidents, defined as occurring when at least 
one person (driver, passenger, or pedestrian) dies within 30 
days of injuries received as a result of a road traffic accident 
[9]. The second group included major injuries, defined as 
occurring when at least one person is injured and admitted to 
a hospital but no deaths occur [9]. The third group included 
minor injuries from any type of accident. Detailed dialysis-
related parameters and their association with car accidents 
were collected. These included the frequency of dialysis 
sessions per week, the timing of dialysis sessions, and the 
duration of dialysis treatment. The correlation between car 
accidents and clinical parameters, laboratory results, and 
medications was described. This study, approved by the 
Research Ethics Board of King Saud University Medical 
City, was conducted using privacy safeguards at the Institute 
for Clinical Evaluative Sciences (E-21-6484), and data 
were collected by direct patient interviews. The study was 
conducted in accordance with the Declaration of Helsinki, 
and all participants provided informed consent.

Analysis
The research was conducted with the aim of uncovering 

the relationship between car accidents and predictors related 
to clinical or biochemical parameters. The overall number of 
patients was 711; however, due to missing data, there was 
variation in the total number of patients for each variable. 
This study describes frequencies for all means with standard 
deviation (SD) for continuous variables and frequencies for 
categorical variables. The categorical variables included 
sociodemographic data, dialysis and lifestyle impact, 
transportation and residency, scheduling, driving and 

dialysis, and medications. This study also investigated 
driving behaviors and experiences and how such factors 
were affected by dialysis. The participants were divided into 
groups encompassing patients who had experienced major or 
minor car accidents and those who had not experienced such 
accidents. After grouping, a comparison of the characteristics 
of the two groups and their relationships to any diseases 
observed in this study was carried out. The differences in 
clinical variables, such as general lab and dialysis lab session 
results between the two groups of patients, were also revealed. 
Finally, this study describes the reasons why patients—
specifically, those who have driven before but decide to stop 
several years after starting HD—choose to cease driving.

Results
The sociodemographic and clinical characteristics of the 

711 participants are shown in Table 1. Hypertension was 
prevalent in 86.9% of participants, and 24.8% had coronary 
artery disease. Type 2 diabetes was common (55.1%), with 
diabetic retinopathy reported in 21.2% of cases. Many 
patients had mobility issues, and 19.32% used canes. 

The results revealed that 329 of the patients had driven a 
car and that 87.5% had done so for more than 10 years, with 
226 (68.7%) patients still actively driving (Table 2). Among 
the 329 participants who could drive, 30.1% no longer did so. 
Most of the patients (74.8%) who had stopped driving had 
done so more than three years previously, and a large number 
ceased driving due to either the inability to concentrate 
(40.1%) or frailty (28.3%). Among the 226 patients who 
were still driving, 7.5% lacked confidence behind the 
wheel, mostly due to dizziness (58.8%).  Table 2 shows the 
descriptive statistics of the car accidents, with 100 (30.4%) of 
the dialysis patients having experienced a minor car accident 
and 37 having sustained a major car accident. It was also 
revealed that among the patients who had had accidents, 
only one was involved in a fatal accident. Most drivers who 
had been involved in minor or major car accidents (67.0%) 
experienced collisions on non-dialysis days. However, among 
the car accidents on a dialysis day, the majority occurred after 
treatment. Among those who continued to drive, 14 patients 
(10.2%) had sustained three or more car accidents since they 
started dialysis. Similarly, many patients (41.6%) felt that 
dialysis sessions impacted their driving capacity, and one-
fifth would feel sleepy during driving after a dialysis session. 

A majority of patients who took the survey had occasional 
post-dialysis dizziness (56.1%), and another 82 (11.7%) had 
frequent dizziness. 581 patients (83.7%) complained of post-
dialysis fatigue in various frequencies. The proportion of 
patients with hypertension involved in an accident (40.5%) 
was greater than that of patients without hypertension 
(22.9%, p = 0.05). The proportion of patients who had 
experienced both fatigue after dialysis and car accidents 
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the United States, 22.1% of participants reported having had 
vehicle collisions since commencing dialysis, and a further 
78.3% were deemed high risk for road traffic accidents [13]. 
The participants in both studies reported dizziness, weakness, 
impaired vision, and falling asleep at the wheel. A systematic 
review published by the Canadian Society of Nephrology 
noted that the current evidence, although scarce, showed 
an association between the post-dialysis period and road 
traffic accidents [14]. The prevalence of car accidents among 
participants is alarming, indicating the need for a creative 
approach to safely transport these patients to and from HD 
sessions.

Diabetes is prevalent in dialysis patients, and we 
noticed that those with self-reported hypoglycemia or lower 
glycosylated hemoglobin had a higher rate of car accidents. 
Similar observations were noted in other studies showing an 
increased risk of injuries among drivers with type 2 diabetes 
[15]. Motor vehicle accidents in a population-based study 
reported that among diabetics, tighter glycemic control 
(measured by HbA1c) is associated with an increased risk 
of motor vehicle collision [16]. These findings suggest that 
tight glycemic control does not necessarily mean “optimal” in 
dialysis patients. The well-being of dialysis patients, reflected 
by our study as normal serum albumin and serum creatinine, 
is associated with a higher likelihood of a road traffic accident. 
Similarly, those who continue to work are likely to continue 
driving and are therefore more prone to automobile accidents. 
We have not found any similar observations in the literature. 
Many health-care systems are deploying strategies to 
facilitate transportation to dialysis centers [10]. The inclusion 
and bundling of the cost of travel to dialysis treatment paid 
for by the health-care system is probably the best approach 
for all parties.

was 85%, compared with 70% among those who had not 
experienced car accidents (p = 0.01) (Table 4). There was no 
relationship between the dialysis schedule (both the dialysis 
day and the dialysis session timing) and the car accidents 
they experienced. Neither was there a relationship between 
a history of coronary artery disease, hypertension, heart 
failure, hyperlipidemia, or cerebrovascular accidents and car 
accidents. 

The proportion of patients diagnosed with diabetes 
mellitus who had experienced an accident (29.5%) was lower 
than the proportion of patients without a diabetes mellitus 
diagnosis (44.5%) (see Table 4). However, among participants 
with diabetes mellitus, self-reported hypoglycemia was 
substantially related to patients’ involvement in automobile 
accidents. This was also substantiated by the higher rate of car 
accidents when assessing average glycosylated hemoglobin 
(HbA1c). Patients who had never been in a car accident had 
higher HbA1c levels (6.1 +/- 3.1) than those who had been 
in a car accident (5.1 +/- 3.1). There was no relationship 
between changes in systolic or diastolic blood pressure or 
ultrafiltration volume and car accidents. No medications—
specifically, ESA, anti-hypertensive, or cinacalcet—were 
shown to be significantly related to patient car accidents. 

Discussion
In-center HD is usually done three or four times weekly 

and is a source of stress and anxiety for many patients and 
their families [10]. The majority of patients on RRT have 
significant comorbidities that make driving challenging [3]. 
The international Dialysis Outcomes and Practice Patterns 
Study associated longer travel times with reduced health-
related quality of life and greater mortality risk [11]. We 
found that many patients reported feeling unsafe to self-
drive to and from dialysis sessions, which led them to stop 
driving, while those who continued to drive reported a higher 
rate of major and/or minor road traffic accidents. One-third 
of the patients stopped driving after initiating dialysis, and 
the majority were not able to maintain their attention while 
driving. A distressing finding of our study was that, among 
those who continued to drive, some were not confident about 
their capacity to do so. 

Many participants sustained either minor and/or major 
car accidents. Those who experienced car accidents on 
dialysis days mostly did so after HD sessions. One-third of 
the patients indicated that dialysis negatively impacted their 
capacity to drive. Post-dialysis fatigue is prevalent among HD 
patients [4] and has a significant relationship with automobile 
accidents. Two previous studies found an association between 
road traffic accidents and the post-dialysis period. In the first, 
in Australia, 21.9% of respondents reported having been 
involved in road traffic accidents, with 72.4% being labeled as 
high risk for collisions [12]. In the second study, conducted in 

Disease n %

Gender (female) 319 44.9

Hypertension 618 86.9

Diabetes 392 55.1

Coronary heart disease/Coronary disease 176 24.8

Hyperlipidemia 263 37

Congestive heart failure 46 6.5

Arrhythmias 76 10.7

Cerebrovascular accident 54 7.6

Peripheral vascular disease 82 11.5

Never smoked 521 73.3

Primary cause of end-stage renal disease

Diabetes mellitus 290 40.8

  Hypertension 177 24.9

Table 1: Descriptive Statistics of 711 Patients’ Sociodemographic 
Characteristics
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Driving behavior Category n %

Ever drive a car 329 46.3

Years driving
<10 years 41 12.5

≥10 ψεαρσ 288 87.5

Currently driving 226 68.7

Years since stopping 
driving

<1 year 9 9.1

1–3 years 16 16.1

>3 Years 74 74.8

Reason for stopping 
driving

Amputation 3 3
Delayed 
response 2 2.1

Dizziness 5 5.1

Lack of focus 40 40
Presence of 
those who can 
serve me

2 2.1

Previous bad 
experience 4 4.1

Weakness 28 28.3

Other 15 15.2

If you are currently 
driving, are you confident 
in your driving abilities?

Not confident 17 7.5

If you are not confident, 
specify the reason.

Dizziness 10 58.8

Poor vision 3 17.7

Other 4 23.5

Dialysis affects driving. Yes 94 41.6

Ever felt sleepy or 
somnolent while driving. Yes 46 20.4

Table 2: Descriptive Statistics of 329 Patient Driving Behavior

Accident Category n %

When was your last minor 
accident?

Haven’t had any 
accident 192 65.8

<1 year 36 12.3

1–2 years 16 5.5

3–5 years 17 5.8

>5 years 31 10.6

If you had a minor 
accident, when did it 
occur?

Non dialysis day 67 67

Dialysis day, 
before dialysis 7 7

Dialysis day, after 
dialysis 23 23

Cannot remember 3 3

Table 3: Descriptive Statistics of Patients’ Experiences of Car 
Accidents

When was your last major 
accident?

Less than a year 
ago 15 40.5

3–5 Years 3 8.1

>5 years 19 51.4

Cannot remember 3 3

If you have had a major 
accident, when did it 
occur?

Non-dialysis day 26 70.2
Dialysis day, 
before dialysis 2 5.4

Dialysis day, after 
dialysis 9 24.4

Disease Category No 
Accident Accident p-value

Fatigue 
post-dialysis

No 49 (76.6%) 15 (23.4%)

0.01Occasionally, 
rarely 78 (54.2%) 66 (45.8%)

Always, often 39 (67.2%) 19 (32.8%)

Diagnosed 
with diabetes 
mellitus

No 81 (55.5%) 65 (44.5%)
0.01

Yes 86 (70.5%) 36 (29.5%)

Self-reported 
hypoglycemia

No 109 (59.6%) 74 (40.4%)

0.03
Occasionally, 
rarely 48 (72.7%) 18 (27.3%)

Always, often 4 (36.4%) 7 (63.6%)

Table 4: Relationship between Patient’s Medical History and Car 
Accidents

Chi-square analysis was used in the analysis.

This study has several limitations. First, the cross-sectional 
design is not without limitations since causality cannot be 
established. Second, car accidents were self-reported, which 
carries a risk of recall and response bias. Third, the number 
of female participants who would drive was small, which 
will impact the generalizability of the study. Our study shows 
that many patients on HD are more vulnerable and face 
significant challenges when it comes to driving safely. Forty-
two percent of patients on in-center HD had sustained road 
traffic accidents, while one-third of patients stopped driving 
after starting dialysis. The diabetic patients on dialysis 
who sustained car accidents were associated with self-
reported hypoglycemia and lower HbA1c. Therefore, future 
research should include the use of measures of predictors 
of car accidents among patients on HD that correlate with 
car accidents. In addition, research should focus on optimal 
strategies to expand health care to include safe and reliable 
transportation services for dialysis patients. 
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