
d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 7 8 ( 2 0 2 1 ) 1 0 8 9 5 4
Contents available at ScienceDirect
Diabetes Research
and Clinical Practice

journal homepage: www.elsevier.com/locate/diabres
Predictors of traffic events due to hypoglycemia in
adults with type 1 diabetes: A Brazilian prospective
cohort study
https://doi.org/10.1016/j.diabres.2021.108954
0168-8227/� 2021 Elsevier B.V. All rights reserved.

* Corresponding author.
E-mail address: rsalla@hcpa.edu.br (R. Fenalti Salla).
Rafaela Fenalti Salla a,*, Julia de David b, Larissa Schneider b, Balduino Tschiedel c,
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A B S T R A C T

Background: Individuals with type 1 diabetes (T1D) are exposed to an elevated risk of auto-

mobile accidents especially because of hypoglycemia that impairs physiological and

defense responses.

Objectives: To assess local risk factors for traffic events in T1D adult Brazilian patients.

Methods: This is a prospective study and 12-month follow-up to assess predictors for traffic

events on a cohort of drivers with T1D (n = 168) in Brazil. The inclusion criteria for partic-

ipants were Brazilian nationality, age � 18 years-old, diagnosis of T1D for more than one

year, driving license B, C or D categories (four-wheel vehicles), driving three-times per week

or more, and checking blood glucose twice-daily or more. The primary outcome was hypo-

glycemia driving mishaps assessed by a seven-query questionnaire about the past 30 days.

Secondary outcomes included driving mishaps not related to hypoglycemia. Statistical

analysis was performed through Poisson regression models with robust variance estimar-

ion, in which the measure of association is the relative risk.

Results: A total of 109 participants completed the 12-month follow-up. Most of them were

men (66%) and 37 ± 11 years-old, and had a mean HbA1c of 8.2% (66 mmol/mol). In the fol-

low up, the incidence of traffic events was high (70.6%); however, only a minority was

attributed to hypoglycemia as the cause of the reported event (19.3%). The best predictors

for new traffic events due to hypoglycemia were those related to driving characteristics.

The best of them was a history of episodes of hypoglycemia while driving [RR 3.40 (1.22–

9.43); p < 0.05].

Conclusions: We found that previous episodes of hypoglycemia while driving significantly

increase the risk of new traffic events and are the best predictor for it. This highlights

the need to assess the risks of traffic accidents especially in people who have had experi-

enced episodes of hypoglycemia while driving.
� 2021 Elsevier B.V. All rights reserved.
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1. Introduction

Traffic accidents are one of the top ten global causes of death

being at the seventh position in the last ranking [1]. Brazil is

the fifth country in global ranking of number of traffic injury

[2] and some groups of people are exposed to higher risks

than others. People with type 1 diabetes mellitus (T1D) have

a higher incidence of road injury than type 2 diabetes or those

without diabetes [3]. The frequency of traffic crashes, driving

violations, and the need for driving assistance varies from 15

to 22% in T1D in retrospective studies [3].

Individuals with T1D have an elevated risk of automobile

accidents especially because of hypoglycemia that impairs

physiological and protection responses [4]. Neuroglycopenic

symptoms may include confusion, cognitive deterioration,

seizures, and loss of consciousness [5]. A hypoglycemic epi-

sode can lead to cognitive impairment for up to 75 min [6],

which may seriously compromise important daily activities

including driving.

In the Diabetes Control and Complications Trial, the most

common major accident related to hypoglycemia was car

accidents. During follow-up, hypoglycemia was emphasized

as the main cause of car accidents in 64.2% of the cases [7].

Another prospective analysis accompanied T1D American

drivers for 12 months and found that driving mishaps were

related to hypoglycemia at least once in more than a half of

the sample, with 32% of them having two or more events

and 5% having six or more driving mishaps [8].

Behavior changes related to hypoglycemia and driving are

an important factor for traffic complications. Individuals with

T1D with more traffic events reported choosing lower cut-of-

points of blood glucose to decide not to drive and also

reported checking their blood glucose before driving less fre-

quently [3]. Peripheral neuropathy, visual impairment, and

cerebrovascular accidents leading to cognitive impairment

may also affect driving performance in these subjects [9].

Despite this, hypoglycemia remains the main factor related

to traffic accidents in T1D population [10].

Risk factors for car accidents in diabetes may have differ-

ent impacts in different populations because diabetes care,

availability of technology to treat diabetes, and traffic rules

vary among countries and different socio-cultural contexts

[9]. For example, comparing unfavorable traffic events in

patients with T1D in Europe and North America is not ade-

quate because European drivers in general have fewer traffic

events [10].

In this context, knowing the local risk factors for car acci-

dents in T1D is important for an adequate approach to pre-

venting traffic accidents in this population. Considering that

hypoglycemia is the main risk factor for car accidents in

T1D subjects, this study searched for clinical and driving pre-

dictors of traffic events due to hypoglycemia in a Brazilian

population of subjects with T1D.

Our hypothesis is that clinical characteristics of diabetes,

such as longer duration of the disease, poor glucose control,

presence of hypoglycemia unawareness and diabetic neu-

ropathy could be associated with traffic crashes and that Risk
Assessment of Diabetic Drivers, a tool already used in other

countries, could be useful for screening T1D Brazilian drivers

for these events.

2. Methods

2.1. Study design

This was a cohort study with one-year follow-up. Data were

collected prospectively through mensal calls to participants.

2.2. Setting

We studied 168 drivers with T1D from two tertiary care public

institutions and from the state health department in South-

ern Brazil. Participants were recruited from March 2018 to

April 2019 and were followed for 12 months since inclusion

in the study. Data collection was performed in two steps:

We first performed a cross-sectional evaluation of clinical

data and possible predictors based on a previous published

questionnaire for T1D drivers [11] and then evaluated subjects

monthly with telephone calls searching for possible driving

mishaps.

2.3. Participants and sample size

Inclusion criteria for participants were the following: Brazilian

nationality, age� 18 years-old, diagnosis of T1D for more than

one year, Brazilian driving license B, C, or D categories (four-

wheel vehicles), driving three times per week or more, and

checking blood glucose twice-daily or more. Participants with

cognitive deficit or any communication barrier that would

impair follow-up were excluded. They were invited to partici-

pate in person at the institutions where they received medical

care or by phone call through a contact list of patients with

T1D receiving insulin from the state health department.

The study was conducted in two steps, and thus sample

size and follow-up was different for each. We first conducted

a cross-cultural adaptation of the RADD instrument - Risk

Assessment of Diabetic Drivers (supplemental Fig. 1) - a tool

used in the United States for screening drivers with T1D at

higher risk for driving mishaps [11]. We performed a five steps

protocol (translation of the instrument, synthesis, back trans-

lation, expert committee review and pretesting in a sample)

as recommended by guidelines on the topic [12]. At the end

of this process, 35 subjects were recruited for the test–retest

step. These subjects answered the questionnaire two times,

applied by different interviewers, within 15-day interval.

The conclusion was to characterize the process as reliable

or not.

The second step included 133 participants. In the first

meeting, subjects answered two questionnaires. The main

questionnaire consisted of questions about social-cultural

information, diabetes status, and driving (supplemental

Fig. 2). The second questionnaire had 11 questions that

consisted of the RADD adapted to Brazilian Portuguese

(supplemental Fig. 3). The clinical characteristics and answers



Fig. 1 – Association between social-demographic characteristics (A), diabetes condition characteristics (B), driving

characteristics (C), RADD score (D) and the primary outcome (traffic events due to hypoglycemia). Relative risks (Poisson

regression models with robust variance) and their 95% confidence intervals are presented. HbA1c, glycated hemoglobin; T1D,

type 1 diabetes; RADD, Risk Assessment of Diabetic Drivers.
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to the questionnaires were evaluated to find predictors for

future driving mishaps. During this 12-month period, partici-

pants were followed by phone calls monthly. At each phone

meeting, they were questioned about driving mishaps in the

past month through a specific questionnaire (supplemental

Fig. 4).

2.4. Variables and data source

The primary outcome was hypoglycemia driving mishaps as

assessed by a seven-query questionnaire about the past

30 days (supplemental Fig. 4): presence of severe hypo-

glycemia episodes, loss of car control, collisions, police barrier

assessment, automatic driving (that means arriving some-

where not knowing how you got there), unintentionally stop-

ping driving, and the need for assistance for someone else for

driving. Each positive answer for any of these questions was

considered a driving mishap. In the case of any affirmative

answer, the questions were followed by questioning whether

hypoglycemia was the cause. Positive cases were considered a

hypoglycemia driving mishap. The secondary outcome was

driving mishaps not related to hypoglycemia as assessed

through the same questionnaires when the answer for hypo-

glycemia as a causal factor was negative.

Predictors for these outcomes considered the following

characteristics of the population: social-demographics, char-

acteristics related to the diabetes condition, and characteris-
tics related to driving. Social-demographic features

evaluated were age, sex, skin color, marital status, education,

occupation, and monthly income. Factors related to the dia-

betes condition were duration of diabetes, age at diagnosis,

type and dose of insulin in use, metabolic control [assessed

by glycated hemoglobin (HbA1c) and frequency of self-

monitoring blood glucose], presence of vascular complica-

tions (retinopathy, nephropathy, neuropathy, cardiovascular

disease; all assessed through medical records), treatment

adherence assessed by the Self-Care Inventory-Revised (SCI-

R) questionnaire (Brazilian validated version, good adher-

ence > 48 points) and Diabetes Self-Management Profile

(DSMP) questionnaire (Brazilian validated version, good

adherence > 41 points) [13] and awareness of hypoglycemia

(assessed by the Clarke questionnaire, Brazilian validated ver-

sion) [14]. Features related to driving were the driver’s license

duration and category, time and distance driven per month,

previous traffic accidents and traffic violations, previous epi-

sodes of hypoglycemia while driving, previous traffic accident

due to hypoglycemia, the score obtained on the adapted driv-

ing questionnaire (RADD) and each of the questions of RADD

evaluated separately.

2.5. Statistical analysis

Analyses were performed using IBM-SPSS (IBM Corp. IBM

SPSS Statistics for Windows, version 20, Armonk, NY, USA).
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Continuous variables were presented as mean values and

standard deviation (SD); 95% intervals were presented when

appropriate. Categorical variables were presented as frequen-

cies and percentages. Non-parametric variables were pre-

sented as median and interquartile range (25 and 75

percentiles). To identify the association of clinical and driving

variables with primary and secondary outcomes, Poisson

regressionmodelswith robust variance estimation were used,

in which the measure of association is the relative risk [15].

2.6. Ethical aspects

The study was designed according to the Guidelines and Stan-

dards Research Regulations Involving Humans Beings and

National Health Council in accordance with resolution

466/12. The study was also approved by the local ethics

research committee of both institutions from where patients

were recruited, protocol numbers 2017–0595 and 18121. This

document follows the STROBE Statement’s checklist of items

that should be included in reports of cohort studies [16].

3. Results

A total of 917 subjects were recruited fromMarch 2018 to April

2019; 705 subjects were invited to participate because 212 of

them could not be reached by phone. Of the 705 subjects,

168 fulfilled the inclusion criteria and signed the informed

consent. Thirty-five subjects completed the first step of the

study and the other 133 started the follow-up. (supplemental

Fig. 5)

3.1. Cross-cultural adaptation study

Thirty-five participants completed the cross-cultural adapta-

tion step. Most of them were men (77.1%), 43 ± 12 years-old,

19 (12.5–26.5) years of T1D diagnosis, and 15 (8–23) years of

licensing driving. Glycemic control was less than desired with

mean HbA1c 8.2% (66 mmol/mol). The most frequent diabetes

complication was retinopathy (62.9%), and the majority of

them reported previous episodes of hypoglycemia while driv-

ing (62.9%), although only 5.7% experienced traffic accidents

due to hypoglycemia.

These subjects took part in the test–retest phase of cross-

cultural adaptation answering the Brazilian version of RADD

questionnaire two times. The questionnaire was applied by

two different interviewers within 15 days. The intraclass

range coefficient of 0.774 demonstrated that the results were

reliable. The process of validation showed an Cronbach’s

alpha of moderate internal consistence (a = 0.483) with no

good improvements upon removing some questions. The bet-

ter result was reached including only questions number 7, 8,

10 and 11: Cronbach’s alpha was 0.677, which is less than

expected based on the literature.

3.2. Cohort study

Of the 133 participants included, 109 (82%) completed the 12-

month follow-up. Fifteen participants (11.3%) were lost, four

(3%) withdrew from participation, four (3%) stop driving for

problems not related to diabetes, and one (0.7%) had sudden
death during the follow-up. We present the data from the

109 participants who completed the follow-up.

Demographic, diabetes, and driving features are shown in

Table 1 for participants. Most of them were men (66%);

37 ± 11 years-old. There were two professional drivers, and

the majority did not have good control of their diabetes,

7.3% of them had an HbA1c < 7.0% (53 mmol/mol), and the

majority of participants monitor their blood glucose less fre-

quently than recommended (56.9% of participants measured

three times/day or less), checking glucose before driving only

37% of times; 33% of them have poor adherence to treatment

according SCI-R and DSMP scores and had a low prevalence of

neuropathy (6.4%).

The primary outcome (traffic events due to hypoglycemia)

was reported by few participants. Twenty-one participants

(19.3%) reported some driving mishaps due to hypoglycemia.

The median (IQR) of mishaps was 1.0 (0.0–5.5); 15 participants

(13.8%) presented only one event during the follow-up and 6

participants (5.5%) presented two or more events. The driving

mishap most reported due to hypoglycemia was automatic

driving with a mean (SD) of 0.17 ± 0.67 times ranging for 0

to 5 times per person during the period of follow-up.

Baseline characteristics of the cohort were analyzed

according to the primary outcome in search of predictors for

it (Table 2). The groups were similar and did not differ from

each other neither in relation to demographic characteristics

(Fig. 1A) nor in relation to diabetes characteristics (Fig. 1B).

The best predictors for new traffic events due to hypo-

glycemia were those related to driving characteristics

(Fig. 1C and 1D). The best of them was history of episodes of

hypoglycemia while driving. Participants that reported previ-

ous hypoglycemia in this context had an increase of 240% in

the risk of driving mishaps due to hypoglycemia during the

follow-up [RR 3.40 (1.22 – 9.43); p < 0.05] (Fig. 1C) and previous

traffic accident due to hypoglycemia showed a tendency for

new events [RR 2.73 (0.94–7.90); p = 0.063, Fig. 1C].

Characteristics such as duration of driver’s license, hours

and distance travelled per month and driver’s license cate-

gory were not good predictors of future hypoglycemia driving

mishaps. The RADD score was also not a good predictor of

future driving mishaps due to hypoglycemia in our sample

[RR 5.28 (0.44–63.03); p = 0.188]. However, when looking at

the issues not like a score and analyzing them separately,

we found that the first three questions, when asked together,

were associated to traffic events due to hypoglycemia (previ-

ous traffic accident, previous traffic violation and needing

help from someone else for driving, all of them due to hypo-

glycemia). In this case, positive answers represented a 78%

higher risk for new driving mishaps due to hypoglycemia

[RR 1.78 (1.46–2.17); p < 0.05]. The best predictor for the pri-

mary outcome was that represented by question three (need-

ing help from someone else with driving due to

hypoglycemia) [RR 1.79 (1.46–2.18); p < 0.05]. Finally, the fre-

quency of hypoglycemia in the past six months (question 7)

also represented a tendency for being a good predictor [RR

1.59 (0.36–2.65) p 0.07].

The secondary outcome (presenting driving mishaps dur-

ing follow-up independently of the presence of hypoglycemia)

was reported by 70.6% of the sample and is presented in

Table 3. The main causes of traffic accidents were obtained
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through answers to a questionnaire (Supplemental Fig. 4), and

they were fatigue and somnolence. However, drivers did not

always check their glucose before driving to be sure of the

absence of association with hypoglycemia. Being a profes-

sional driver and having a previous history of traffic accidents

due to hypoglycemia were good predictors. Professional dri-

vers had a 42% higher risk for driving mishaps [RR 1.42

(1.26–1.62) p < 0.05], which was the same risk represented

by having a history of previous traffic accident due to hypo-

glycemia [RR 1.42 (1.25–1.61) p < 0.05]. Another good predictor

was the distance traveled: those who moved for longer dis-

tances had 3% more traffic events during follow-up [RR 1.03

(1.01–1.06) p < 0.05]. Good adherence to diabetes treatment

measured by the SCI-R questionnaire, despite the small

effect, represented a protective factor for new traffic events

[RR 0.97 (0.96–0.99) p < 0.05].

Supplementary analysis of the secondary outcome showed

that the mishap most reported was having episodes of severe

hypoglycemia in the last month. This occurred a mean (SD) of

1.56 ± 2.98 times ranging from 0 to 17 times but was not nec-

essarily related to driving (only 13.3% of times were while

driving). The second most common driving mishap was being

assessed by the police barrier and had a mean (SD) of

1.32 ± 2.31 times ranging from 0 to 17. Participants judged that

none of the police approaches were related to hypoglycemia

episodes.

4. Discussion

This study provided the cross-cultural adaptation of RADD

score to Brazilian Portuguese, and was the first to assess clin-

ical predictors for traffic events among Brazilian T1D drivers.

In the follow up, the incidence of traffic events was high

(70.6%); however, only a minority was attributed to hypo-

glycemia as the cause of the reported event (19.3%). Interest-

ingly, characteristics related to driving were the best

predictors for new traffic events. We found that the report

of previous episodes of hypoglycemia while driving increases

the risk of new traffic events due to hypoglycemia in 3.4-fold.

On the other hand, we did not find any association between

diabetic neuropathy, diabetic retinopathy or demographic

characteristics with traffic events. In the same way, the diag-

nosis of hypoglycemia unawareness was not a good predictor

for traffic events.

Traffic events due to hypoglycemia are usually associated

with some driving characteristics [17–19] as well as with some

diabetes characteristics [11,20]. Previous episodes of hypo-

glycemia while driving increase the risk of a vehicle collision

in insulin-treated diabetes patients around three-fold [21],

and this risk increases exponentially with additional reported

episodes [8]. Diabetic neuropathy is also classically associated

with worse driving performance [11,20]. In driver-simulators,

subjects with diabetic neuropathy had longer brake response

time (0.757 vs. 0.679 s; p < 0.001) and had abnormally delayed

reactions (57.5 vs. 35.5%; p < 0.001) when compared to

patients without diabetic neuropathy [20]. Cox et al. also

found that peripheral diabetic neuropathy is an important

risk factor for driving mishaps in RADD score [11], which

was the feature with the greatest weight in the logistic regres-

sion of this score.
The literature also suggests that demographic characteris-

tics like age and gender do not lead to a higher risk of traffic

events [3,8,10] and, despite visual decrements due to diabetic

retinopathy are a potential risk factor in reducing driving per-

formance [22,23], it did not show, until this moment, a signif-

icant risk association. Control studies show that driving

events were independent of the presence of retinopathy and

independent of its severity [19]. It was expected that hypo-

glycemia unawareness could increase the risk for new traffic

events, once symptoms of hypoglycemia are an important

protective mechanism for safety in T1D [5] and because

patients who are unaware of their hypoglycemia perform

their self-treatment less frequently while driving [18,24].

However, other studies also failed to prove significant statisti-

cal differences between patients with a diagnosis of hypo-

glycemia unawareness or not regarding the risk of traffic

events [8,11].

Possible mechanisms related to these events are findings

from other studies, which showed that people with a history

of hypoglycemia driving mishaps have abnormal counter-

regulatory responses to hypoglycemia [19] and greater cogni-

tive impairments during moderate hypoglycemia [25]. In the

same way, diabetic neuropathy affects distal lower limbs

and can cause lesions in sensory and motor systems, reduc-

ing sensibility, increasing risk of amputation and causing

lower extremities weakness [26]. Thus, diabetic neuropathy

is classically associated with worse driving performance. On

the other hand, the absence of association between diabetic

retinopathy and traffic events is probably explained because

people more severely impacted by retinopathy, the ones

who are almost blind, spontaneously do not drive any more,

or do not have a driver’s license renewal [27]. Likewise, the

ones who are treated with pan-photocoagulation keep good

performance in the visual acuity exam as requested for safe

driving; thus, being considered able to drive [28,29].

The absence of association of Brazilian adapted RADD

score and traffic accidents in this study is probably associated

with some sample characteristics. First of all, Brazilians drive

shorter distances than Americans (341 versus 994 miles/-

month) [11], making them less exposed to driving mishaps

and making it more difficult to detect differences in the anal-

ysis, in addition to producing lower scores in the RADD.

Another important issue is that one of the main questions

of RADD is about diabetic neuropathy, which is unknown

for a significant number of patients evaluated and a negative

response also leads to lower scores.

The limitations of our study might have led to some unex-

pected results. First, we adaptated the plan of analysis, since

the questionnaire did not reach validity in this sample of T1D

Brazilian drivers. Thus, we proceeded with the study while

evaluating the performance of a cross-cultural tool in the

Brazilian population and searched for these and other vari-

ables that could be associated with driving mishaps due to

hypoglycemia. Because sample size was not calculated for

this specific purpose, data should be interpreted with caution.

The low frequency with which participants usually perform

SMBG may also have interfered with our results (more than

half of them measured 3 times/day or less). Self-monitoring

of blood glucose is useful for guiding diabetes treatment

and management while avoiding hypoglycemia and
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hyperglycemia [30]. Patients on intensive-insulin regimens

(most patients with T1D) should check their glucose 6–10

times daily. We found that 77 participants (70%) in our sample

reported some unexpected driving events during the 12-

month follow-up, but only 21 of them (27%) reported that it

happened due to a hypoglycemic event. Only 37% of the

subjects reported that they checked their blood glucose before

or during driving. Thus, many events reported during follow-

up did not have a corresponding blood glucose check before

driving. This prevents any association with hypoglycemia

and possibly underestimates the incidence of events in the

sample. Furthermore, the unexpected absence of risk associ-

ation between traffic accidents and diabetic neuropathy in

our study may be the result of its prevalence in our sample,

which was low (6.4%), probably due to another limitation,

the method used for evaluating neuropathy: asking partici-

pants if they have this diagnosis and reviewing their medical

records. In Brazil, an important part of the population is una-

ware of their health problems, especially those related to dia-

betes [31]. Moreover, foot exams and searching for

neuropathy is not always assessed or registered in Brazilian

medical records [32].

Finally, recognizing risk factors associated with unfavor-

able traffic events in T1D drivers is important because we

must search for strategies that improve this scenario.

Whereas previous episodes of hypoglycemia while driving

or previous traffic events demonstrated to be the best predic-

tors for future events, asking patients about their traffic his-

tory is essential for us, as health professionals, to promote a

better guidance to this population. The next step is education,

talking with patients about hypoglycemia and driving, coach-

ing them about the importance of frequent measurement of
blood glucose before driving and about checking it while driv-

ing longer distances.

5. Conclusion

People with T1D are exposed to a greater risk of traffic events

due to the consequences of hypoglycemia during driving. Pre-

vious episodes of hypoglycemia while driving significantly

increase the risk of new traffic events and are the best predic-

tor for it. Other important predictors are the positive history

of previous traffic accidents, previous traffic violations and

needing help from someone else for driving, all due to hypo-

glycemia. Therefore, asking patients who have previously

experienced episodes of hypoglycemia while driving and mis-

haps associated with it are key subjects for advising and pre-

venting future events.
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Table 1 – Baseline characteristics of participants.

Table 1. Baseline characteristics of cohort participants

Variable Total (N = 109)

Demographic features
Men 72 (66%)
Age (years) 37.3 ± 11
White 97 (89%)
Education

Primary and secondary school
College education

48 (44.1%)
61 (55.9%)

Diabetes features
Duration of diabetes (years) 19 (12.5–26.5)
Age ate diagnosis (years) 18 (10–24)
Type of basal insulin in use

NPH
Long duration analogue

31 (28.7%)
77 (71.3%)

Type of bolus insulin in use
Regular
Ultra-rapid acting analogue

7 (6.4%)
102 (93.6%)

Total daily insulin dose (U/Kg) 0.68 (0.58–0.88)
Basal/Bolus ratio 1.6 (1.05–2.08)
HbA1c (%) 8.2 ± 1.5
Frequency of SMBG (times/day) 3 (3–4)
Nephropathy 19 (17.5%)
Neuropathy 7 (6.4%)
Retinopathy 36 (33%)
Cardiovascular disease 1 (0.9%)
SCI-R (points) 50.9 ± 6.1
DSMP (points) 45.9 ± 9.5
Clarke Scale

Hypoglycemia awareness
Hypoglycemia unawereness

75 (68.8%)
34 (31.2%)

Driving features
Duration of driver’s license (years) 15 (8–23)
Category of driving license
Only 4 wheel vehicles
Others

58 (53.2%)
51 (46.8%)

Time spent driving for month (hours) 30 (15–60)
Monthly driving distance (1000 Km) 0.550 (0.190–1.200)
Previous traffic accident 49 (45%)
Previous traffic violation 79 (72.5%)
Previous episodes of hypoglycemia while driving 61 (56%)
Previous traffic accident due to hypoglycemia 5 (4.5%)
RADD score 0.099 (0.066–0.149)
Risk for driving mishaps according to the RADD score

Low
Intermediate
High

95 (87.2%)
7 (6.4%)
7 (6.4%)

Categorical variables are presented as frequencies and percentages; Continuous variables are presented as mean and standard deviation

(mean ± SD); Non-parametric variables are presented as median and interquartile range (25 and 75 percentiles); NPH, Neutral Protamine

Hagedorn; HbA1c, glycated hemoglobin; SMBG, Self-Monitoring of Blood Glucose; SCI-R, Self-Care Inventory-Revised questionnaire; DSMP,

Diabetes Self-Management Profile questionnaire; RADD, Risk Assessment of Diabetic Drivers.
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Table 2 – Predictors for driving mishaps due to hypoglycemia.

Table 2. Demographic, clinical, driving and RADD features of cohort participants according to the presence of driving mishaps due to hypoglycemia during follow-up

Variable Did not have driving
mishaps due to
hypoglycemia (N = 88)

Have driving mishaps due to
hypoglycemia (N = 21)

Relative Risk (RR) and 95%
confidence interval

Demographic features
Gender
Women 29 (33) 8 (38) 1.19 (0.54–2.62)
Age (years) 37.1 ± 11.2 38.4 ± 10.6 1.00 (0.97–1.04)
Clinical diabetes features
Duration of diabetes (years) 18 (13.0–25.7) 19 (8.0–28.5) 0.99 (0.95–1.03)
Type of basal insuline in use
None (insulin pump)
NPH
Long acting analogue

0
29 (33)
59 (67)

1 (4.8)
2 (9.5)
18 (85.7) 3.62 (0.89–14.69)

Type of bolus insulin in use
Regular
Ultra-rapid acting analogue

6 (6.8)
82 (93.2)

1 (4.8)
20 (95.2) 1.37 (0.21–8.78)

HbA1c (%) 8.3 ± 1.5 7.9 ± 1.5 0.87 (0.62–1.22)
Frequency of SMBG (times/day) 3 (3–4) 4 (3–5) 1.01 (0.93–1.10)
Neuropathy 7 (8) 0
Retinopathy 30 (34) 6 (28.6) 0.81 (0.34–1.91)
SCI-R (points) 50.7 ± 6.1 51.2 ± 6.4 1.01 (0.94–1.08)
DSMP (points) 45.5 ± 9 47.4 ± 11.5 1.01 (0.97–1.06)
Clarke Scale
Hypoglycemia unawareness 27 (30.7) 7 (33.3) 1.07 (0.47–2.41)
Driving features
Duration of driver’s license (years) 14.5 (8.0–22.7) 15.0 (9.5–24.5) 1.01 (0.97–1.04)
Hours driving per month 30 (15–60) 45 (15–70) 1.00 (0.99–1.00)
Monthly driving distance (1000 Km) 0.500 (0.210–1.200) 0.600 (0.147–1.300) 1.05 (0.90–1.22)
Previous traffic accident 42 (47.7) 7 (33.3) 0.62 (0.27–1.42)
Previous traffic violation 65 (73.9) 14 (66.6) 0.73 (0.32–1.63)
Previous episodes of hypoglycemia while driving

44 (50) 17 (81) 3.40 (1.22–9.43)
Previous traffic accident due to hypoglycemia

3 (3.4) 2 (9.5) 2.73 (0.94–7.90)
RADD features
RADD score 0.086 (0.066–0.141) 0.113 (0.077–0.170) 5.28 (0.44–63.03)
Risk for driving mishaps according to RADD score
High

5 (5.7) 2 (9.5) 1.50 (0.43–5.22)
Previous traffic accident, violation, assistance and severe hypoglycemia
(Questions 1–4) 0.63 ± 1.09 1.52 ± 1.77 1.38 (1.12–1.70)
Assistance for driving due to hypoglycemia (Question 3) 0.05 ± 0.25 0.62 ± 1.11 1.79 (1.46–2.18)
Hypoglycemia in the past 6 months (Question 7) 1.84 ± 0.62 2.10 ± 0.70 1.59 (0.96–2.65)

Categorical variables are presented as frequencies and percentages; Continuous variables are presented as mean and standard deviation (mean ± SD); Non-parametric variables are presented as

median and interquartile range (25 and 75 percentiles). NPH, Neutral Protamine Hagedorn; HbA1c, glycated hemoglobin; SMBG, Self-Monitoring of Blood Glucose; SCI-R, Self-Care Inventory-Revised

questionnaire; DSMP, Diabetes Self-Management Profile questionnaire; RADD, Risk Assessment of Diabetic Drivers.
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Table 3 – Predictor for driving mishaps independently of hypoglycemia.

Table 3. Demographic, clinical, driving characteristics of cohort participants according to the presence of driving mishaps during follow-up, independently of hypoglycemia

Variable Did not have driving
mishaps (N = 32)

Have driving mishaps
(N = 77)

Relative Risk (RR) ans 95%
confidence interval

Demographic features
Gender
Women 11 (3.4) 26 (33.8) 0.99 (0.76–1.28)

Age (years) 38.2 ± 11.1 37 ± 11 0.99 (0.98–1.00)
Occupation
Driver
Not related to driving

0
32 (100)

2 (2.6)
75 (97.4) 0.70 (0.61–0.79)

Diabetes features
Duration of diabetes (years) 17.5 (13.0–25.0) 19.0 (11.0–28.0) 1.00 (0.98–1.01)
Type of basal insuline in use
None (insulin pump)
NPH
Long acting analogue

11 (34.3)
21 (65.7)

1 (1.3)
20 (26)
56 (72.7) 1.12 (0.84–1.51)

Type of bolus insulin in use
Regular
Ultra-rapid acting analogue

3 (9.4)
29 (90.6)

4 (5.2)
73 (9.5) 1.25 (0.65–2.40)

HbA1c (%) 8 ± 1.3 8.2 ± 1.6 1.02 (0.95–1.09)
Frequency of SMBG (times/day) 3.0 (3.0–4.7) 3.0 (3.0–4.0) 0.96 (0.91–1.02)
Neuropathy 1 (3.1) 6 (7.8) 1.23 (0.88–1.71)
Retinopathy 9 (28.1) 27 (35) 1.09 (0.85–1.39)
SCI-R (points) 52.7 ± 5.6 50.2 ± 6,2 0.97 (0.96–0.99)
DSMP (points) 44.8 ± 8.9 46.3 ± 9.8 1.00 (0.99–1.01)
Clarke Scale
Hypoglycemia unawareness 8 (25) 26 (33.8) 1.09 (0.86–1.39)

Driving features
Duration of driver’s license (years) 14.5 (9.0–23.7) 15.0 (8.0–22.5) 0.99 (0.98–1.01)
Hours driving per month 20 (12–60) 30 (15–60) 1.00 (0.99–1.00)
Monthly driving distance (1000 Km) 0.600 (0.176–1.095) 0.500 (0.220–1.500) 1.03 (1.01–1.06)
Previous traffic accident 13 (40.6) 36 (46.8) 1.09 (0.86–1.39)
Previous traffic violation 24 (75) 55 (71.4) 0.91 (0.71–1.18)
Previous episodes of hypoglycemia while driving

16 (50) 45 (58.4 1.12 (0.87–1.44)
Previous traffic accident due to hypoglycemia

1 (3.1) 4 (5.2) 1.42 (1.25–1.61)
RADD score 0.083 (0.062–0.120) 0.103 (0.066–0.150) 1.67 (0.70–3.98)
Risk for driving mishaps according to RADD score
High

2 (6.3) 5 (6.5) 1.04 (0.64–1.70)

Categorical variables are presented as frequencies and percentages; Continuous variables are presented as mean and standard deviation (mean ± SD); Non-parametric variables are presented as

median and interquartile range (25 and 75 percentiles); NPH, Neutral Protamine Hagedorn; HbA1c, glycated hemoglobin; SMBG, Self-Monitoring of Blood Glucose; SCI-R, Self-Care Inventory-Revised

questionnaire; DSMP, Diabetes Self-Management Profile questionnaire; RADD, Risk Assessment of Diabetic Drivers.
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Appendix B. Supplementary material

Supplementary data to this article can be found online at
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Janeiro 2015;Sup:S1–S12().

[3] Cox DJ, Penberthy JK, Zrebiec J, Weinger K, Aikens JE, Frier B,
et al. Diabetes and driving mishaps: frequency and
correlations from a multinational survey. Diabetes Care
2003;26(8):2329–34.

[4] Cryer PE. Glycemic goals in diabetes: trade-off between
glycemic control and iatrogenic hypoglycemia. Diabetes
2014;63:2188–2195 | DOI: 10.2337/db14-0059

[5] Cryer PE. The barrier of hypoglycemia in diabetes. Diabetes
2008;57(12):3169–76.

[6] Evans ML, Pernet A, Lomas J, Jones J, Amiel SA. Delay in onset
of awareness of acute hypoglycemia and of restoration of
cognitive performance during recovery. Diabetes Care 2000;23
(7):893–7. https://doi.org/10.2337/DIACARE.23.7.893.

[7] The Diabetes Control and Complications Trial Research
Group (DCCT)/Epidemiology of Diabetes Interventions and
Complications (EDIC). Risk of severe hypoglycemia in type 1
diabetes over 30 years of follow-up in the DCCT/EDIC study.
Diabetes Care 2017;40:1010-16.

[8] Cox DJ, Ford D, Gonder-Frederick L, Clarke W, Mazze R,
Weinger K, et al. Driving mishaps among individuals with
type 1 diabetes: a prospective study. Diabetes Care 2009;32
(12):2177–80.

[9] Graveling AJ, Frier BM. Driving and diabetes: problems,
licensing restrictions and recommendations for safe driving.
Clin Diabetes Endocrinol 2015;10:1–8.

[10] Hostiuc S, Negoi I, Hostiuc M. Diabetes and collision risk. A
meta-analysis and meta-regression. Int J Clin Pract 2016;70
(7):554–68.

[11] Cox DJ, Gonder-Frederick LA, Singh H, Ingersoll KS, Banton T,
Grabman JH, et al. Predicting and reducing driving mishaps
among drivers with type 1 diabetes. Diabetes Care 2017;40
(6):742–50.

[12] Beaton DE, Bombardier C, Guillemin F, Ferraz MB. Guidelines
for the process of cross-cultural adaptation of self-report
measures. SPINE 2000;25(24):3186–91.

[13] Telo GH, de Souza MS, Schaan BD. Cross-cultural adaptation
and validation to Brazilian Portuguese of two measuring
adherence instruments for patients with type 1 diabetes.
Diabetol Metab Syndr 2014;6:141.

[14] Stefenon P, Silveira ALMd, Giaretta LS, Leitão CB, Bauer AC.
Hypoglycemia symptoms and awareness of hypoglycemia in
type 1 diabetes mellitus: cross-cultural adaptation and
validation of the Portuguese version of three questionnaires
and evaluation of its risk factors. Diabetol Metab Syndr
2020;12(1). https://doi.org/10.1186/s13098-020-0521-z.
[15] McNutt L, Wu C, Xue X, et al. Estimating the relative risk in
cohort studies and clinical trials of common outcomes. Am J
Epidemol 2003;157:940–3.

[16] Strobe statement: strengthening the reporting of
observational studies in epidemiology. http://www.strobe-
statement.org

[17] Cox DJ, Gonder-Frederick L, Clarke W. Driving decrements in
type I diabetes during moderate hypoglycemia. Diabetes
1993;42(2):239–43.

[18] Cox DJ, Gonder-Frederick LA, Kovatchev BP, Julian DM, Clarke
WL. Progressive hypoglycemia’s impact on driving simulation
performance: occurrence, awareness, and correction.
Diabetes Care 2000;23(2):163–70.

[19] Cox DJ, Kovatchev BP, Anderson SM, Clarke WL, Gonder-
Frederick LA. Type 1 diabetic drivers with and without a
history of recurrent hypoglycemia-related driving mishaps:
physiological and performance differences during
euglycemia and the induction of hypoglycemia. Diabetes
Care 2010;33(11):2430–5.

[20] Spiess KE, Sansosti LE, Meyr AJ. Diabetic driving StudiesdPart
2: A comparison of brake response time between drivers with
diabetes with and without lower extremity sensorimotor
neuropathy. J Foot Ankle Surg 2017;56:573–6.

[21] Almigbal TH, Alfaifi AA, Aleid MA, Billah B, Alramadan MJ,
Sheshah E, et al. Safe driving practices and factors associated
with motor vehicle collisions among people with insulin-
treated diabetes mellitus: Results from the Diabetes and
Driving (DAD) study. J Safety Res 2018;65:83–8.

[22] Coyne KS, Margolis MK, Kennedy-Martin T, et al. The impact
of diabetic retinopathy: perspectives from patient focus
groups. Fam Pract 2004;21:447–53.

[23] Hirai FE, Tielsch JM, Klein BEK, Klein R. Ten-year change in
vision-related quality of life in type 1 diabetes: Wisconsin
epidemiologic study of diabetic retinopathy. Ophthalmology
2011;118(2):353–8.

[24] Cox DJ, Gonder-Frederick LA, Kovatchev BP, Clarke WL. Self-
treatment of hypoglycemia while driving. Diabetes Res Clin
Pract 2001;54(1):17–26.

[25] Campbell LK, Gonder-Frederick LA, Broshek DK, Kovatchev
BP, Anderson S, Clarke WL, et al. Neurocognitive differences
between drivers with type 1 diabetes with and without a
recent history of recurrent driving mishaps. Int J Diabetes
2010;2(2):73–7.

[26] Solomon CG, Vinik AI. Clinical practice: diabetic sensory and
motor neuropathy. NEJM 2016;374(15):1455–64.

[27] Inkster B, Frier BM. Diabetes and driving. Diabetes Obes
Metab 2013;15(9):775–83.

[28] Pearson AR, Tanner V, Keightley SJ, Casswell AG. What effect
does laser photocoagulation have on driving visual fields in
diabetics?. Eye 1998;12(1):64–8.

[29] Vernon SA, Bhagey J, Boraik M, et al. Long-term review of
driving potential following bilateral panretinal
photocoagulation for proliferative diabetic retinopathy.
Diabet Med 2009; 26: 97–99.

[30] Standard of medical care in diabetes – American Diabetes
Association. Diabetes Care 2020; 43:S77.

[31] Beagley J, Guariguata L, Weil C, Motala AA. Global estimates
of undiagnosed diabetes in adults. Diabetes Res Clin Pract
2014;103(2):150–60.

[32] Schneiders J, Telo GH, Bottino LG, Pasinato B, Neyeloff JL,
Schaan BD. Quality indicators in type 2 diabetes patient care:
analysis per care-complexity level. Diabetol Metab Syndr
2019;11(1). https://doi.org/10.1186/s13098-019-0428-8.

https://doi.org/10.1016/j.diabres.2021.108954
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0010
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0010
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0010
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0010
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0015
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0015
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0015
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0015
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0025
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0025
https://doi.org/10.2337/DIACARE.23.7.893
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0040
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0040
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0040
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0040
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0045
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0045
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0045
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0050
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0050
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0050
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0055
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0055
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0055
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0055
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0060
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0060
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0060
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0065
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0065
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0065
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0065
https://doi.org/10.1186/s13098-020-0521-z
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0075
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0075
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0075
http://www.strobe-statement.org
http://www.strobe-statement.org
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0085
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0085
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0085
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0090
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0090
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0090
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0090
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0095
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0095
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0095
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0095
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0095
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0095
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0100
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0100
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0100
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0100
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0105
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0105
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0105
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0105
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0105
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0110
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0110
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0110
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0115
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0115
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0115
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0115
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0120
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0120
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0120
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0125
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0125
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0125
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0125
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0125
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0130
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0130
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0135
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0135
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0140
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0140
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0140
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0155
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0155
http://refhub.elsevier.com/S0168-8227(21)00314-4/h0155
https://doi.org/10.1186/s13098-019-0428-8

	Predictors of traffic events due to hypoglycemia in adults with type 1 diabetes: A Brazilian prospective cohort study
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Setting
	2.3 Participants and sample size
	2.4 Variables and data source
	2.5 Statistical analysis
	2.6 Ethical aspects

	3 Results
	3.1 Cross-cultural adaptation study
	3.2 Cohort study

	4 Discussion
	5 Conclusion
	Funding
	Declaration of Competing Interest
	Appendix A 
	Appendix B Supplementary material
	References


