Hypoglycemia While Driving in Insulin-Treated Patients:
Incidence and Risk Factors
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Objectives: This study aimed to investigate a potential daily-life concern
for patients with diabetes hypoglycemia while driving by (1) estimating
their incidence in insulin-treated drivers, (2) determining factors associated
with their occurrence, and (3) analyzing patients’ behavior regarding pre-
vention of hypoglycemia.

Methods: We conducted an observational study from November 2013 to
May 2018 in the endocrinology-diabetology-nutrition department of our
university hospital. All patients treated for diabetes older than 18 years ad-
mitted in the department were eligible. A specific questionnaire assessing
attitudes, knowledge, and consequences of hypoglycemia was provided. In
this study, only insulin-treated patients who regularly drive were analyzed.
Results: On the 233 insulin-treated drivers included, 45 (19%) self-reported
at least 1 hypoglycemia while driving in the preceding year. Two factors were
significantly associated with their occurrence: type 1 diabetes (odds ratio
[OR] = 3.19; 95% confidence interval [CI] = 1.55-6.57) and experiences
of asymptomatic hypoglycemia (OR = 2.20; 95% CI = 1.05-4.63). Aware-
ness of the treatment hypoglycemia risk because of information provided
by a medical specialist was also but nonsignificantly associated with hypo-
glycemia while driving (OR = 2.61; 95% CI = 0.86-7.92). Forty-one pa-
tients (18%) combined those 3 variables, 20 (49%) of them self-reported
hypoglycemia while driving. Thirty-four percent of the patients never car-
ried carbohydrates for hypoglycemia correction. Seventy-six percent do
not monitor blood glucose level before driving.

Conclusions: Our questionnaire allowed us to highlight that 19% our co-
hort of insulin-treated drivers declared experiencing hypoglycemia while
driving. Risk factors identified and prevention data collected should help
us better target patient education.
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G lucose-lowering therapy can provoke hypoglycemia, notably
in patients treated with sulfonylureas and/or insulin. The
acute and long-term effects can be serious and include confusion,
loss of consciousness, seizures, cognitive impairment, mood
change, and even death."* Hypoglycemia also has social and psy-
chological implications and thus may alter the quality of life.2 One
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of the common activities that is negatively affected by hypoglyce-
mia is driving. This phenomenon has been mainly studied in type
1 diabetes patients. Safe driving is dependent on many functions that
can be impaired by hypoglycemia,’® > and impaired driving perfor-
mance and safety have been observed during hypoglycemic states
in driving simulator studies.®” Moreover, driving itself seems to be
associated with significant metabolic demand that could lead to a
drop in the glucose level.® This observation was partly con-
firmed in a real-life study using a continuous glucose monitor-
ing system.’ In addition, microvascular (notably retinopathy or
neuropathy) and macrovascular complications of diabetes can
interfere with driving,'®"!

Therefore, there is a debate about whether diabetes is a relevant
factor in determining driver ability.'* However, the consequences
in terms of road traffic accidents are still controversial, and 2
meta-analyses concluded that drivers with diabetes present only
aslightly increased safety risk, often nonsignificant.'>'* To prop-
erly consider, assess, and reduce this potential risk, the American
Diabetes Association published a position statement on diabetes
and driving that highlights the importance of individual risk as-
sessment.' Indeed, attention must be focused on diabetic patients
presenting a higher risk. As hypoglycemia while driving has been
pointed out as a risk factor of motor vehicle collisions in diabetic
patients,'” identifying the risk factors would help individualize the
assessment of patients for safe driving.

Therefore, the objective of this present study was to (1) estimate
the incidence of hypoglycemia while driving in insulin-treated
drivers, (2) determine the factors associated with hypoglycemia
while driving, and (3) analyze patients’ behavior regarding the
prevention of hypoglycemia.

METHODS

Study Design and Participants
From November 2013 to May 2018, we conducted an observa-
tional study in the Nutrition-Diabetes Unit of the University Hospital
of Montpellier, France. All patients older than 18 years treated for
type 1 or 2 diabetes were eligible. Within 24 hours of admission to
the unit, most were for uncontrolled glycemia or complications of di-
abetes. The questionnaire was adapted from the study by Seaquist
et al' and contained specific questions to identify insulin-treated
drivers and their experiences of hypoglycemia while driving in the
past year (blood glucose [BG] level = <70 mg/dL). It assesses several
i aspects, such as frequency, knowledge, percep-
tion, management, or repercussions of hypoglycemia at the time of
admission, except for experiment of hypoglycemia while driving (in
the past year) and severe hypoglycemia (in the past year). All patients
who accepted to complete the form were prospectively included. Our
study followed the World Medical Association’s Declaration of
Helsinki and received approval from the Commission Nationale
de 'Informatique et des Libertés (CNIL, N° Q-2016-0903).



Data Collection

In addition to the self-reported data provided by the question-
naire, demographic, clinical, therapeutic, and biological data were
prospectively collected from the medical records: age, sex, type
and duration of diabetes, body mass index, HbAlc, and antidia-
betic treatment. All data were anonymized and then incorporated
into an Excel database.

Statistical Analysis

Statistical analysis was performed only on the insulin-treated
driving population (Fig. 1). Patient characteristics and question-
naire responses were expressed as frequency and proportion for
categorical variables and mean + standard deviation for continu-
ous variables. For comparative purposes, results are presented
for all insulin-treated drivers and then for those who had experi-
enced hypoglycemia while driving (HD group) or not (NHD
group).

Comparisons were made with Student ¢ test or the Mann-Whitney
U test for continuous variables, and with X or Fisher exact test for
categorical variables, depending on the distribution of variables and
conditions for applying the tests.

Multivariable logistic regression analysis was performed to
identify the factors that might increase the risk of becoming hypo-
glycemic while driving. The variables included were those with a
raw P value of less than 0.20 after multiple imputation of missing
data. Then, a parsimonious model was selected using backward
selection of variables, with a P value to stay set at 0.10.

Statistical analyses were performed at the conventional 2-tailed
o level of 0.05 using SAS Version 9.4 (SAS Institute, Cary, NC).

RESULTS

Study Population
Four hundred seventy-four subjects were included in our whole
cohort (63.5% men, mean age = 68.5 + 14.8 y). Three hundred

seventy-four (79%) were treated with insulin, and 233 (62%) of
these were regular drivers. Therefore, the study population consisted
in 233 drivers with insulin-treated diabetes (Fig. 1).

Patient Characteristics

Baseline demographic and clinical characteristics are presented
in Table 1. The mean age was 57.8 = 13.9 years and 30% were |
female, with mainly type 2 diabetes (67.8%). The mean diabe-
tes duration was 17.8 years and the mean HbAlc was 8.8%.
Forty-five patients (19%) reported experiencing at least 1 epi-
sode of hypoglycemia while driving. As shown in Table 1, the
patients who experienced hypoglycemia while driving were
younger (50.2 years versus 59.6 y) and had lower body mass in-
dex (BML, 27.1 versus 29.7 kg/m?) than patients who did not.
Type 1 diabetes was predominant in the HD group (60%), as
the incidence of hypoglycemia while driving was 36% versus
11.4% in type 2 diabetes. Characteristics of patient according
to diabetes type are presented in Supplementary Table 1, http://
links.lww.com/JPS/A337.

History, Perception, and Prevention of

Hypoglycemia

Self-reported data on history, perception of hypoglycemia, and
prevention are summarized in Table 2. One hundred patients
(54.4%) reported having currently at least 1 episode of hypoglyce-
mia per week. Episodes were more frequently reported in the HD
group than the NHD group (78.4% versus 48.3%). The frequency
of hypoglycemia was also very different between type 1 and type 2
diabetic patients. Whereas 61.6% of the type 2 diabetic patients
reported no hypoglycemia on a weekly basis, only 11.9% of the
type 1 patients reported so. Conversely, 27.1% of the type 1 dia-
betic drivers reported at least 4 episodes per week, whereas only
0.8% of the type 2 diabetic drivers reported this.

Severe hypoglycemia in the preceding year was reported by
22.6% of the participants. The incidence was higher in the HD
group (38.6%) than in the NHD group (18.7%). Regarding
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Non drivers
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Hypoglycemia while No hypoglycemia while
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N=45(19%) N =188 (81%)

FIGURE 1. Flowchart of the study population.



TABLE 1. Characteristics of Patients

Insulin-Treated Drivers (n = 233) NHD Group (n = 188) HD Group (n = 45) P
Demographic variables
Age,y (n=233) 57.8(13.9) 59.6 (12.6) 50.2 (16.3) <0.0001
Sex, female (n = 233) 70 (30.0%) 53 (28.2%) 17 (37.8%) 021
BMI, kg/m® (n =233) 29.0(5.9) 295(59) 26.9(5.9) 0.01
Clinical variables

Type of diabetes, type 2 (n = 233) 158 (67.8%) 140 (74.5%) 18 (40.0%) <0.0001
Diabetes duration, y (n = 233) 17.8 (10.5) 17.8 (10.8) 17.8 (9.8) 0.94
HbAlc, % (n=220) 88(1.9 8920 8.7(1.8) 049

Data are presented as mean (standard deviation) or n (%).

asymptomatic hypoglycemia, 109 participants (47.2%) were
concerned, 50 of whom were type 1 diabetes patients (45.9%).
There was an association between asymptomatic hypoglycemia
and hypoglycemia, as asymptomatic hypoglycemia occurred in
31.3% of the patients who reported no weekly hypoglycemia,
60.2% of those reporting 1 to 3 weekly hypoglycemia episodes,
80% of those reporting 4 to 6 weekly episodes, and 100% of those
reporting more than 6 weekly episodes. Almost 70% of the HD
group experienced asymptomatic hypoglycemia versus 41.9% in
the NHD group. In the HD group, 68.9% of these patients re-
ported that their asymptomatic hypoglycemia occurred more than
once a week and 31% reported daily experiences.

The risk of hypoglycemia was a real concern for the partici-
pants, as almost half of them (49.5%) admitted being worried
about it every day. This proportion was even higher in the patients

with a history of hypoglycemia while driving (68.2%). For 42.9%
of them, this concern led to activity restrictions.

Although 90% of the participants knew the risk of hypoglyce-
mia associated with their treatment, only a small proportion took
appropriate measures in cases of physical activity or skipped
meals, respectively, 54.3% and 45.5%. No significant difference
was observed between the HD and NHD groups on these points,
with only a trend for greater adjustment of diabetes management
in cases of physical activity in the HD group. One hundred sub-
jects (44.2%) reported always carrying carbohydrates with them,
more in the HD group (62.2%) than the NHD group (39.8%).
Last, regarding BG monitoring, although 77.7% indicated always
or frequently testing it before sugar intake, only 23.9% did so be-
fore driving. Furthermore, 58.1% never monitored BG before
driving: 31% in the HD group and 64.8% in the NHD group.

TABLE 2. Patient Self-Reporting About History, Perception, and Prevention of Hypoglycemia

MD, missing data.

Insulin-Treated Drivers (n = 233) NHD Group (n = 188) HD Group (n = 45) P
Episodes of hypoglycemia per week at the time of admission (n = 184) 0.0008
None 84 (45.7%) 76 (51.7%) 8 (21.6%)
13 83 (45.1%) 62 (42.2%) 21 (56.8%)
4-6 15 (8.2%) 8 (5.4%) 7 (18.9%)
>6 2(1.1%) 1 (0.7%) 1(2.7%)
Episodes of severe hypoglycemia in the past year (n = 226) 0.005
No 175 (77.4%) 148 (81.3%) 27 (61.4%)
Yes 51 (22.6%) 34 (18.7%) 17 (38.6%)
Episodes of asymptomatic hypoglycemia (n = 231) 0.001
No 122 (52.8%) 108 (58.1%) 14 (31.1%)
Yes 109 (47.2%) 78 (41.9%) 31 (68.9%)
Daily concern about the risk of hypoglycemia (n = 220) 0.006
No 111 (50.5%) 97 (55.1%) 14 (31.8%)
Yes 109 (49.5%) 79 (44.9%) 30 (68.2%)
‘Modification of diabetes management
In cases of physical activity (n = 231) 0.054
No 101 (45.7%) 87 (48.9%) 14 (32.6%)
Yes 120 (54.3%) 91 (51.1%) 29 (67.4%)
In cases of skipped or inadequate meal (n = 167) 0.59
No or rarely 91 (54.5%) 76 (55.5%) 15 (50.0%)
Always or frequently 76 (45.5%) 61 (44.5%) 15 (50.0%)
Data are presented as n (%).




TABLE 3. Patient Self-Reporting on Information About the Risk

of Hypoglycemia Provided by Healthcare Providers

Insulin-Treated Drivers (n = 233) NHD Group (n = 188) HD Group (n =45) P
Medical specialist (n = 196) 0.004
No 58 (29.6%) 54 (34.2%) 4 (10.5%)
Yes 138 (70.4%) 104 (65.8%) 34 (89.5%)
General practitioner (n = 198) 034
No 83 (41.9%) 64 (40.3%) 19 (48.7%)
Yes 115 (58.1%) 95 (59.7%) 20 (51.3%)
Nurse (n = 122) 0.12
No 84 (68.9%) 70 (72.2%) 14 (56.0%)
Yes 38 (31.1%) 27 (27.8%) 11 (44.0%)
Pharmacist (n = 174) 0.52
No 137 (78.7%) 107 (79.9%) 30 (75.0%)
Yes 37 (21.3%) 27 (20.1%) 10 (25.0%)
Data are presented as n (%).
MD, missing data.

The Role of Healthcare Providers in Raising
Awareness About Hypoglycemia Risk

Patients were also asked which healthcare providers had made
them aware of the risk of hypoglycemia (Table 3). Endocrinol-
ogists, general practitioners, nurses, and pharmacists gave in-
formation in, respectively, 70.4%, 58.1%, 31.1%, and 21.3%
of the cases. Participants who experienced hypoglycemia while
driving had been more often informed by endocrinologists
(89.5% versus 65.8%) and nurses (44.0% versus 27.8%).

Multivariate Analyses

Ten items emerged as potential variables to be added in the
model. One of them was considered to have too much missing
data: information about the risk of hypoglycemia provided by
a nurse (111 [47%] missing data items). The 9 remaining var-
iables were kept for further analysis. These variables were as
follows: age (<65 y versus 265 y), BMI, diabetes type, hy-
poglycemia episodes per week (never versus sometimes) or
severe hypoglycemia in the past year, experience of hypogly-
cemia without symptoms, daily concern about the risk of hy-
poglycemia, adaptation of diabetes treatment during physical
activity, and hypoglycemia information provided by a medical
specialist.

In the multivariate model, the 2 variables significantly associ-
ated with hypoglycemia risk while driving were type 1 diabetes
and asymptomatic hypoglycemia. Information about the hypogly-
cemia risk provided by medical specialists was weakly associated
with hypoglycemia risk while driving (Table 4).

Population at High Risk for Hypoglycemia While
Driving

Forty-one patients (17.6%) combined the 3 variables presented
in Table 4 (HR group). The incidence of declared hypoglycemia
while driving was 48.8% in this high-risk population.

Daily worry about hypoglycemia risk was reported by 73.2% of
these patients, and 85% prevented hypoglycemia by taking mea-
sures before physical activities, 68.8% before skipping meals,
and 68.3% always carried carbohydrates for hypoglycemia correc-
tion. Before driving, 41.7% monitored BG frequently or always
and 33% never.

DISCUSSION

This observational study assessed the incidence and risk factors
of hypoglycemia while driving in regular drivers who were insulin
treated. We found that 19% of our patients had experienced hypo-
glycemia while driving and were able to identify 2 risk factors
significantly associated with its occurrence: type 1 diabetes and
experiences of asymptomatic hypoglycemia. Another variable
emerged as worthwhile to consider: awareness of the hypogly-
cemia risk due to treatment because of information provided by
amedical specialist. We also investigated management and pre-
vention of hypoglycemia in the insulin-treated drivers with a
focus on the high-risk population. Results showed that some
aspects need to be improved, particularly the recommendations
on BG monitoring before driving.

We found that a nonnegligible proportion of insulin-treated
drivers reported an episode of hypoglycemia behind the wheel

TABLE 4. Risk Factors of Hypoglycemia While Driving in Drivers With Insulin-Treated Diabetes

Univariate Logistic Regressions = Multivariate Logistic Regression

Odds Ratio (95% CT) 4 Odds Ratio (95% CI) i <

Type of diabetes (type 1 versus type 2)
Experience of hypoglycemia without symptoms (yes versus no)
Hypoglycemia information from medical specialist (yes versus no)

437 (2.21-8.64) <0.0001 3.19(1.55-6.57) 0.002
3.07 (1.53-6.14) 0.0012 2.20(1.054.63) 0.037
441 (1.49-13.10) 0.041 2.61 (0.86-7.92) 0.091

C1, confidence interval; OR, odds ratio.




in the past year and it may even have been underestimated if
self-reported hypoglycemic events were omitted because of fears
of losing one’s driver’s license, as already described.'® The rates
reported in the literature vary widely from 13.4 to 66% in
questionnaire-based survey including both type 1 and type 2 dia-
betic patients.'*'? ' This broad range reflects firstly differences
in populations in mean age,'”'” proportion of,'*'? proportion of
patient with type 1 diabetes,'>'® and sample size.'>'® Secondly,
temporality of reported hypoglycemia while driving is not always
specified, and when restricted to episodes in the previous year, the
incidence decreased.'” ' The study to which we can best com-
pare ourselves is that of Graveling et al'” who found comparable
results with ours (13.4%).

Regarding the factors associated with hypoglycemia while
driving, we highlight that participants with a type 1 diabetes were
at very high risk of hypoglycemia while driving. This was already
demonstrated in others studies.'”'®?°2' The incidence was 36%
in our study, in the range of the published data'”*'?* except for
a New Zealander survey presenting a higher proportion (82%)."
This higher risk in type 1 diabetic patients may be related to their
more uent experience of hypoglycemia, independently of
driving,'”*>?7 and to their tendency to impaired hypoglycemia
perception,>® as we found. Indeed, we described that the experi-
ence of asymptomatic hypoglycemia was the second risk factor of
hypoglycemia while driving. Unawareness of hypoglycemia is in-
deed considered an important risk for drivers with diabetes,’
however, discussed for car collision." A possible reason for these
discordant results might be that the definition and assessment of
an impaired awareness of hypoglycemia are not consensual.'®
This phenomenon seems to be associated with repeated exposure
to hypoglycemia, partly by modifying the counter-regulation re-
sponse to a BG decrease.'*?® This implies that the impaired
awareness of hypoglycemia might be associated with the notion
of recurrent hypoglycemia, which was observed in our study.
In addition, it should be noted that the last report from the
ADA — Endocrine Society workgroup on hypoglycemia and diabe-
tes pointed out that patients with a history of recurrent hypoglycemia
or impaired awareness of hypoglycemia were in special need of
education to prevent hypoglycemia.'

Patient education should include counseling about hypoglyce-
mia and safe driving, which is not always the case, as 50% to
75% of survey participants stated never having discussed this is-
sue with their healthcare providers.'>?' However, we found that
hypoglycemia education by endocrinologists was more frequent
for the participants experiencing hypoglycemia. On the other
hand, some data suggest that not all healthcare professionals are
aware of current statutory requirements and recommendations to
provide to their patients.”® % This is a key point that needs to be
addressed to improve patient knowledge and application of hypo-
glycemia prevention measures and safe-driving practices.

Most patients with diabetes seem to rely on the symptoms that
they feel to detect hypoglycemia,'”>* whereas symptom perception is
not a reliable estimation of BG levels.'® The decision to drive has to
be based on an objective measurement of the BG level. However,
monitoring of the BG level before driving is not systematic, as
40% to 75% of participants reported that they never test it in this sit-
uation or do so only if they feel hypoglycemic,'>' 73 which is in
accordance with our results. Our study was conducted whereas inter-
stitial blood measurement was not really widespread. It would be in-
teresting to evaluate how this technology may change attitudes.*
Furthermore, less than half of the participants reported always carry-
ing iate snacks for hypoglycemia correction, versus a wide
range of 30.3% to 87.6% in the literature.'>'"18243 This message
should nevertheless be reinforced as it is a recommendation usually
made with regard to road safety and diabetes.''

Good practices for hypoglycemia prevention and safe driving
are inconsistently followed by diabetic drivers. Although this ob-
servation is disconcerting, it is encouraging to note that the prac-
tices of high-risk patients are more appropriate. Indeed, far fewer
participants reported never measuring BG before driving in the
HD group compared with the NHD group and in the HR group
compared with all insulin-treated drivers. This observation also
applied to the proportion of patients who reported always carrying
a source of carbohydrates with them. The better attitudes of at-risk
patients have been mentioned in the literature by Graveling et al,'”
who showed that diabetic drivers presenting impaired awareness
of hypoglycemia reported no monitoring of their BG level less fre-
quently than other patients. This observation can be partly explained
by the greater concerns and worries about the consequences of hypo-
glycemia that at-risk patients may feel in their daily life.

Some limitations of our study should be noted. This was a
monocentric study that enrolled a modest number of participants,
although this number was sufficient to detect significant differ-
ences. In addition, the transversal design did not enable us to ana-
lyze the temporality of data. We focused on declarative data using
a questionnaire, which implies inherent limitations like missing
values and question interpretation issues. Moreover, we must ac-
knowledge some of the limitations of the questionnaire itself, as it
did not collect data on why some patients do not drive, on patients
driving behavior, how long have they been driving, or on motor ve-
hicle incidents. Further study with greater detail on the timing and
content of the educational information provided by healthcare pro-
fessionals about hypoglycemia risk would also undoubtedly reveal
interesting data. Last, our study recruited hospitalized patients with
insulin treatment. This suggests that these patients may have had
more complicated diabetes or greater difficulty in managing their
diabetes. Therefore, we cannot extrapolate our results to all diabetic
patients.

CONCLUSIONS

With a questionnaire that can be used by a variety of profes-
sionals in a wide range of institutions, we found that 19% of our
sample of insulin-treated drivers declared experiencing hypoglyce-
mia while driving and identified 2 risk factors of this occurrence:
type 1 diabetes and asymptomatic hypoglycemia. It is important
to be aware that not all subjects with diabetes do present the same
risk regarding driving, which is supported by our results. This tool
can help individually assess diabetic patients to detect more effi-
ciently those who are most at risk and better target patient education,
in our case notably by reinforcing messages about monitoring the
BG level.
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