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Background/Aims: Driving especially at night is a visually demanding task. Long-time outcome of cataract surgery in drivers is 
important to study, as many patients live for decades after surgery. The purpose of this study is to longitudinally investigate visual 
function in active car drivers, 20 years after cataract surgery.
Methods: From a population-based, prospective, cohort of cataract surgery patients, initiated in 1997–98, 114 of the 133 surviving 
patients were included. Preoperatively, postoperatively 5, 10, 15 and 20 years after surgery, the patients answered a visual function 
questionnaire including driving status and difficulty. Habitual visual acuity, best corrected visual acuity (BCVA), and low contrast 
acuity (LCVA) 10% and 2.5% were measured.
Results: The driving difficulties in daylight were almost absent after surgery and did not change over 20 years. Nighttime driving was 
more difficult and declined longitudinally after surgery, p=0.013, but were at 20 years still less than before cataract surgery. Patients 
with better BCVA experienced less difficulties driving in darkness, p=0.005. Self-reported problems with glare were significantly 
associated with BCVA of the better-seeing eye, LCVA 10% and LCVA 2.5% (p=0.046, p=0.033, and 0.024 respectively). Self-reported 
difficulties with seeing in low-contrast conditions were also significantly associated with BCVA, p=0.004.
Conclusion: Twenty years after cataract surgery, most active drivers have no or minor visual functional problems during driving in 
daytime. Difficulties in nighttime driving are more common and increase significantly over time. Twenty years after surgery, all current 
drivers had still better subjective ability to drive, compared with before surgery.

Plain Language Summary: Driving, especially at dusk and darkness, is challenging for most people, especially for drivers with 
cataract. Cataract surgery is known to improve overall driving performance, but few studies have reported data on long-time visual 
outcome in drivers. This study repeatedly examined the visual acuity and self-perceived visual difficulties in 51 current drivers from 
before and after cataract surgery, and at 5, 10, 15 and 20 years after surgery. 

The study shows no or minor visual difficulties in daytime driving. Difficulties in nighttime driving are more pronounced and 
increase significantly over 20 years. 

In conclusion, most active drivers still have excellent visual results 20 years after cataract surgery. 
Active drivers with visual functional problems caused by cataract should be prioritized for surgery. 
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Introduction
Driving is a highly challenging task, especially when driving in dusk and darkness.1,2 Typical symptoms of age-related 
cataract are reduced vision, disability glare, and impaired visual function in low-contrast conditions.3 Cataract surgery 
significantly improves several aspects of visual function in most patients, and this improvement is sustained several years 
after surgery, at least in eyes without comorbidity.4

Clinical Ophthalmology 2023:17 2553–2561                                                                  2553
© 2023 Mönestam. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 6 June 2023
Accepted: 21 August 2023
Published: 29 August 2023

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-2701-0474
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Older people represent a large and increasing part of the driving public and tend to continue driving an automobile 
through late life.5 By 2030, one-quarter of the driving individuals are estimated to be 65 years or older.6 For elderly 
people, driving is an important means of travelling.7 Especially in rural areas, driving may in fact be the only alternative 
for transportation. As a result of cataract surgery being the most common surgical procedure worldwide,8 driving is 
performed by an increasing number of elderly people who had cataract surgery in one or both eyes.

Little is known about the associations between subjective visual difficulties and objective visual function in relation to 
car-driving, especially when long-time cataract surgery outcome is analyzed.

The purpose of the present paper was to assess driving status, self-reported driving difficulties and visual acuity (VA), 
20 years after cataract surgery. The aim was also to longitudinally analyze data from preoperatively to 20 years after 
surgery in this subgroup of cataract surgery patients. To the best of our knowledge, no study has presented prospective, 
longitudinal data on cataract surgery outcomes in drivers as long as 20 years after surgery.

Materials and Methods
Participants
Data for the current analysis are derived from a prospective, longitudinal, population-based cohort study on cataract surgery 
outcome. All patients who had cataract surgery between June 1, 1997 and May 31, 1998, at Norrlands University Hospital in 
Umeå, Sweden, were prospectively registered. All cataract surgeries in the cataract population were at the time performed at 
the university clinic, as there were no other public and private operating eye clinics in the area. As a result of the Swedish 
health care policy, patients did seldom crosscounty borders. Therefore, the number of residents who had surgery in other 
districts was negligible. The admitting area of the hospital is a semi-rural area of northern Sweden with few buses and limited 
access to transportation other than by private car. Detailed study methods of this cohort, inclusion and exclusion criteria, and 5- 
, 10-, 15- and 20-year results have previously been published.9,10 In brief, 810 patients who had cataract surgery during 
a 1-years period 1997–98 were included at baseline, 133 patients of these (16%) were still alive 20 years after surgery. If the 
patients underwent cataract surgery on both their eyes under the study period, data from the first eye only were used.

Nineteen of 133 patients (14%) did not participate in the follow-up; 9 of 133 (7%) suffered from dementia, and 10 
(7%) could not be located or were unable to participate. At the 20-year follow-up, 114 of 133 survivors (84%) 
participated, and 100 of 114 patients (88%) also underwent a clinical eye examination in a standardized manner.

The study followed the tenets of the Declaration of Helsinki and informed consent was obtained from all participants 
at the beginning of each examination. The Ethics Committee of Umeå University approved the study. As a result from the 
wording of the informed consent from each patient at each examination, it was not possible to share the data.

Examinations Pre- and Postoperatively, 5, 10, 15, and 20 Years After Surgery
A few weeks before surgery, the habitual or presenting VA was measured monocularly, and best corrected visual acuity 
(BCVA) was recorded after subjective refraction in both eyes. VA and low contrast visual acuity (LCVA) 10% and 2.5% 
were measured using the logarithm of the minimum angle of resolution (logMAR) ETDRS charts at a distance of 4 
meters. The anterior and posterior part of the eyes were examined using biomicroscopy. Approximately 4–8 weeks 
postoperatively the VA tests and the eye examinations were repeated. Each postoperative follow-up examination was 
performed in the same manner as at baseline.

The Questionnaire
Driving habits and driving difficulty were self-reported using the VF-14 (Visual Function) questionnaire with a few 
additional questions known to be important for driving. The VF-14 is a widely used patent-reported outcome instrument, 
developed in the US, to assess activity limitations in 14 vision-specific activities performed in everyday life.11 Of the 14 
vision-dependent activities addressed in the VF-14 index, 2 are directly related to driving. The specific questions 
analysed in this study are shown in Figure 1. The VF-14 questionnaire has been found appropriate for use also in 
Europe.12 The questions were answered a few weeks before surgery, 3–4 months postoperatively, and 5, 10, 15, and 20 
years after surgery.
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Visual Requirements for Driving
The present VA requirements for unrestricted driving in Sweden are similar to the VA standards for driving legally with 
a European Union license. A group I license is required for light traffic that includes personal cars. A binocular acuity, 
with corrective lenses, if necessary, of logMAR 0.5 (20/40) or better is required.13

Statistical Methods
Descriptive statistics for the vision variables were calculated, to examine the distributions. Independent sample t-tests 
were used to compare age-differences, BCVA and habitual VA for the better eye between current and former drivers.

The age-difference between current drivers, former drivers and those who never had a driving license was measured 
with ANOVA (analysis of variance) and post hoc Bonferroni test. ANOVA was used to control for age when analysing 
differences in BCVA between drivers, former drivers, and those without license.

Univariate ANOVAs were also used to assess the associations between the degree of self-reported difficulties driving at 
night, difficulties with glare and problems with low-contrast conditions during driving at night, and BCVA and LCVA 10% 
and LCVA 2.5%. The better-eye BCVA and LCVA 10% and LCVA 2.5% values were used for each patient.

Yate’s corrected chi-square tests or Fisher’s exact tests were used to assess differences in categorical variables, when 
appropriate. Repeated measures analysis was used to analyse the longitudinal change in nighttime driving, self-reported 
glare, and self-reported visual problems in low-contrast conditions.

SPSS (Statistical Package for the Social Sciences for MS Windows, software 27.0, SPSS Inc., Chicago, IL) was used 
for all data analyses. All tests were two-sided, and P-values <0.05 were considered statistically significant.

Results
Study Participants, Descriptive Data and Visual Acuity, 20 Years After Surgery
The study includes 114 of 133 living patients (86%), who had cataract surgery 20 years previously. Fifty-one patients of 
114 (45%) reported being current drivers, 42 of 114 (37%) were former drives and 21 of 114 (18%) had never had 
a driving license. Table 1 shows the demographics.

1)* Do you currently drive a car? Yes, (go to 2) No (go to 6)

2)* How much difficulty do you have driving during the day because of your vision? Do you have no 

difficulty/a little difficulty/a moderate amount of difficulty/a great deal of difficulty?

3)* How much difficulty do you have driving at night because of your vision? Do you have? 

no difficulty/a little difficulty/a moderate amount of difficulty/a great deal of difficulty/ do not drive at night 

because of vision?

4) How much difficulty do you have driving at night, with glare from headlights from a meeting car? no 

difficulty/a little difficulty/a moderate amount of difficulty/a great deal of difficulty/do not drive at night 

because of my vision, daytime driving only.

5) How much difficulty, while driving at night, do you have to detect moving objects, for instance; 

pedestrians, wild animals, other cars? no difficulty/a little difficulty/a moderate amount of difficulty/a great

deal of difficulty/ do not drive at night because of my vision, daytime driving only.

6)* Have you ever driven a car? Yes (go to 7) No (stop)

7)* When did you stop driving?  Less than 6 months ago/6-12 months ago/more than 12 months ago.

8)* Why did you stop driving? Insufficient vision/general health problems/other reason, please specify.

9)* Do you have any difficulty, even with glasses, to read traffic signs, street signs or store signs? Yes / No 

/ Not applicable

If yes, how much difficulty do you currently have? a little difficulty/a moderate amount of difficulty/a great 

deal of difficulty/unable to do the activity?

Figure 1 The driving-related questions analysed in the study. Questions from the Visual Function-14 questionnaire are shown with a star (*). Questions 4 and 5 are the 
additional driving-related questions.
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The current drivers were significantly younger (p=0.00007), and significantly more often males than females 
compared with the former drivers, (30 of 51 (59%) vs 6 of 42 (17%)), respectively, p=0.00001, Table 1. The current 
drivers had a significantly better habitual VA and BCVA in their better-seeing eyes compared with the former drivers, 
p=0.00003 and p=0.000006, respectively, Table 1. However, after BCVA was adjusted for age, this difference was no 
longer significant (p=0.14).

Of the 114 patients, 105 (92%) had undergone cataract surgery in both eyes at the 20-year follow-up. Those who only 
had one eye operated at 20 years still had no significant cataract in the fellow eye. Of the 114 patients, 107 (91%) had an 
Alcon MA60BM IOL implanted, 1 IOL was unknown and 6 were Pharmacia 722A or 757 C.

There was no significant difference in YAG-frequency in any eye between the current and former drivers, 27 of 51 
(53%) and 19 of 36 (53%), respectively, p=0.99.

Daytime Driving
The majority of current drivers, 50 of 51 (98%) reported no difficulty in daytime driving after 20 years. Only one of the 
current drivers stated minor problems with distance perception.

Figure 2 shows the longitudinal change over 20 years, in self-reported difficulties with daytime driving, in the 51 
patients who remained driving 20 years after surgery. Cataract surgery has a significant impact on the mean perceived 
difficulties in daytime driving, which were moderate before surgery, reached a very low level postoperatively without any 
tendency to decline over 20 years postoperatively, Figure 2.

Nighttime Driving
Figure 2 also shows the longitudinal change over 20 years in mean score of self-reported difficulties driving at night. 
There is a significant longitudinal decline from a few months postoperatively to 20 years after surgery, p=0.013. There 
was no significant difference between males and females, p=0.41. The self-reported difficulties with nighttime driving at 
20 years after surgery, were however still less than before cataract surgery.

Glare and Low Contrast Vision
Twenty years after cataract surgery, 7 of 51 active drivers (14%) never drove at night, only during daytime. Of 44 current 
nighttime drivers, 20 (45%) reported they had no difficulties with glare from meeting cars headlights, 22 (50%) had 
minor difficulties and 2 (5%) had a moderate amount of difficulty.

Table 1 Demographics and Visual Acuity of the Better-Seeing Eye by Driving Status

All patients n=114 Current 
Drivers

n=51 Former 
Drivers

n=42 p-value Never Had 
a Driving 

License n= 21

Males Females Males Females Females

N (%) 30 (59) 21 (41) 6 (14) 36 (86) 21 (100)

Mean age, years (SD) 75.7 (11.6) 74.7 (9.2) 84.3 (6.1) 84.4 (8.3) 0.00007 86.0 (10.1)

Both eyes had cataract surgery, n (%) 24 (80) 19 (90) 6 (100) 36 (100) 21 (100)

Patients who had an eye examination, n=100, n (%) 28 (58) 20 (42) 6 (17) 30 (83) 16 (100)

Habitual VA better-seeing eye mean logMAR (SD) 0.03 (0.11) 0.05 (0.09) 0.18 (0) 0.24 (0.31) 0.00003 0.12 (0.21)

Mean Snellen equivalent 20/21 20/22 20/30 20/35 20/26

BCVA better-seeing eye mean logMAR (SD) 0.001 (0.08) 0.03 (0.09) 0.15 

(0.07)

0.24 (0.30) 0.000006 0.08 (0.21)

Mean Snellen equivalent 20/20 20/21 20/28 20/35 20/24

Notes: P-values refer to the difference between current and former drivers, both males and females. P-values in boldface are statistically significant p<0.05. 
Abbreviations: SD, standard deviation; logMAR, logarithm of the minimal angle of resolution; BCVA, best corrected visual acuity; VA, visual acuity.
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At 20 years after cataract surgery, 30 drivers of 44 (68%) did not experience any difficulties in seeing for instance, 
pedestrians, animals, or other cars, in low contrast conditions during nighttime driving, and 14 (32%) stated minor difficulties.

There was an increasing tendency to report difficulties with glare and low contrast vision at nighttime driving from 5 
to 20 years after surgery, and these trends were however not significant, p=0.53 and p=0.86, respectively, Figure 3.

Figure 2 Longitudinal change in self-reported difficulties with daytime and nighttime driving, from before cataract surgery to 20 years after surgery, respectively. Mean score, 
51 drivers.

Figure 3 Longitudinal change in self-reported difficulties with glare and detection of low-contrast objects when driving at night, from 5 to 20 years after surgery. Mean 
score, 44 current nighttime drivers.
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Self-Reported Visual Difficulties with Driving in Relation to BCVA, and Low-Contrast 
Acuity, 20 Years After Surgery
There was a statistically significant association with self-reported difficulties driving at night and BCVA in the better- 
seeing eye, p=0.005. Patients with better BCVA reported less difficulties. The corresponding p-values for LCVA 10% and 
LCVA 2.5% did not reach statistical significance, p= 0.097 and p=0.25, respectively.

Self-reported problems with glare were significantly associated with BCVA of the better-eye, LCVA 10% and LCVA 
2.5% (p=0.046, p=0.033, and p=0.024, respectively).

Self-reported difficulties with seeing pedestrians, etc, in low-contrast conditions were also significantly associated 
with BCVA (p=0.004) but not with LCVA 10% and LCVA 2.5% (p=0.14 and p=0.16, respectively).

Non-Drivers and Reasons Being a Former Driver
All non-drivers who never had a driving license were females, and were significantly older than the current drivers, 
p=0.0001, Table 1. The current drivers had a better habitual VA and BCVA compared with patients without driving 
license, but this difference was not significant, p=0.58.

A patient might have several reasons for stop driving, Figure 4. The most common reason was “feeling too old/other 
medical problems” (n=23/42; 55%) followed by “no need for a car” (n=16/42; 38%). Only 10 patents of 42 (24%) 
reported vision problems as a reason; of these, 7 patients stated visual impairment as the only reason for having stopped 
driving (7/42; 17%). Five of them did not fulfil the visual requirements for driving and the cause was for all these patients 
age-related macular degeneration. Two patients had a BCVA above the visual requirements for driving, but impairment of 
the visual fields caused by glaucoma and stroke, respectively.

Fulfilment of the Visual Requirements for Driving
Twenty years after cataract surgery two current drivers (2/51; 4%) did not fulfil the visual requirements for car driving 
with their habitual glasses. They had only one and two letters loss to fulfil the requirements, respectively, ie, the habitual 
VA was 20/44 (logMAR 0.34) and 20/42 (logMAR 0.32), in their better seeing eyes. After refraction and new glasses 
their VA improved to 20/28 (logMAR 0.14) and 20/32 (logMAR 0.2), respectively, ie, well above the requirements of 
Sweden (logMAR 0.3 (20/40) or better binocularly).

Vision problems

No need for a car

Feels too old/
Other medical
problems

n=7
n=3

n=15

n=11

n=5

Figure 4 The most common reasons being a former driver.
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Discussion
Driving requires effective coordination of visual, motor and cognitive skills.14 Older adults face a number of challenges 
associated with natural aging.15 Vision problems such as inability to spot objects in darkness, rain or being dazzled by 
oncoming headlights may be experienced by people with clinically healthy eyes.1 Even with normal BCVA, almost all 
self-reported and clinical measures of visual function decline with ageing, including for instance glare recovery time, and 
LCVA with and without glare. An important reason for this is increased intraocular light scattering.14 There is consistent 
evidence that cataract negatively affects driving, and that cataract surgery improves overall driving performance and 
reduces crash risk.16–18 In the present study, 20 years after cataract surgery, the majority of active drivers have good 
vision and no self-reported driving difficulty during daytime.

It is well known that especially nighttime driving is difficult for older individuals. Visual skills are pushed to their 
limit at night by decreased illumination, by disability glare and scattered light from oncoming headlights.14 The present 
study found a significant, longitudinal decline, over 20 years after cataract surgery, in self-assessed ability to drive at 
night, p=0.013. However, at 20 years after surgery, the self-reported difficulties with nighttime driving were less than 
before cataract surgery. This shows an excellent long-term effectiveness of cataract surgery, in improving visual function 
in this demanding activity.

Previous research has shown inconsistent results regarding the associations of BCVA as well as LCVA, and self- 
reported difficulties in nighttime driving, glare disability, etc.3,16 The present study found that patients with better BCVA 
in the better-seeing eye reported significantly less difficulties while driving at night, p= 0.005. This is in agreement with 
several previous studies.19,20

On the other hand, it has been reported that the measure most strongly associated with driving difficulty was contrast 
sensitivity.20–22 In the present study, the corresponding associations for LCVA 10% and LCVA 2.5% did not reach 
statistical significance, probably as a result of small sample sizes.

Twenty years after surgery, self-reported problems with glare were significantly associated with BCVA of the better 
seeing eye, LCVA 10% as well as LCVA 2.5%. Difficulties seeing pedestrians. etc. in low-contrast conditions were also 
significantly associated with BCVA. Glare sensitivity has been associated with self-reported driving difficulties,23 and 
predict self-restriction in driving behavior.20,24

There was an increasing tendency to report difficulties with glare and low contrast vision at nighttime driving from 5 
to 20 years after surgery, these trends were however not significant, p=0.53 and p=0.86, respectively, Figure 3.

The former drivers were significantly older and more often women than the current drivers, which is consistent with 
previous research.19 A self-imposed, self-regulation of driving is common among elderly people, especially in women.7 

This might be a result of women being inherently more cautious and thus restrict themselves more often than men.25 The 
present study shows as expected, that drivers were significantly younger and had better vision than non-drivers, 
according to previous research.2,25

Driving cessation is a process in which many older drivers gradually limit driving before giving it up entirely. In an 
effort to improve safety, older drivers with failing visual function may place restrictions on their driving by reducing their 
mileage and avoiding high-risk driving situations, such as driving in darkness and bad weather or lightning 
conditions.20,25 Self-regulation of driving is a positive coping strategy that enables individuals to reduce driving risk.26 

The progressive reduction and cessation of driving in older drivers is not only a result of worse visual function but is at 
least partly related to other health problems, Figure 4.20,27 Involuntary driving cessation has however a negative impact 
on mobility and quality of life and associated mental health implications.26 Many urban and rural areas have poor to 
absent transportation infrastructure with small alternatives to car-driving, if they are present at all.

Most current drivers in the present study had at least 20/40 habitual vision in their better-seeing eye, 20 years after 
cataract surgery. With optimal correction, all active drivers fulfilled the visual requirements for driving in Sweden.

Strengths of the study are the high participation rate and the longitudinal design. The prospective, longitudinal design 
of the study reduced the risk for bias and confounding. Patients were followed and regularly examined in the same 
manner from before surgery to 20 years after surgery. The present study was undertaken in a sparsely populated, mostly 
rural area of northern Sweden, in which the public transport options were limited, causing a considerable need for car- 
driving in the elderly population.
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There are several limitations of the study. Driving information was self-reported. As in many other population-based 
studies, selective participation may have biased the results, although it is likely to be small because the participation rate 
was high. The study was also limited by the relatively low number of drivers remaining, 20 years after cataract surgery, 
which is inevitable as the mean age for cataract surgery in most western countries is approximately 75 years. Information 
bias is defined as those who knew they had worse vision, were more likely to self-report driving difficulties and 
modifications because they felt it was the more socially desirable answer. This bias was minimized because the 
participants filled out the questionnaire before they had their vision examined.

LCVA 10% and LCVA 2.5% were used to examine low-contrast visual function. Most previous research use contrast 
sensitivity. As these measures examine similar visual functions, ie, vision in low-contrast conditions, it is believed that it 
is possible to compare findings using LCVA with previous research using contrast sensitivity.
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