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Abstract

Aim Many countries require individuals with diabetes to adhere to standards regarding blood glucose testing in order to

be granted or retain a driving licence. Currently, interstitial glucose results may not be used. The aim of this study was to

determine whether interstitial glucose measurements using flash glucose-sensing technology can provide additional

information to augment safe driving.

Methods Sensor data from two European studies (NCT02232698 and NCT02082184) of the FreeStyle Libre Glucose

Monitoring System™ in insulin-treated Type 1 and Type 2 diabetes, 241 and 224 participants respectively, were used to

determine the frequency of a low interstitial sensor glucose result (< 3.9 mmol/l) up to 4 h subsequent to a daytime

(07:00–21:00 h) capillary blood glucose result ≥ 5 mmol/l.

Results Within 4 h of a capillary blood glucose result ≥ 5 mmol/l a sensor glucose result of < 3.9 mmol/l occurred on

22.0% of occasions (2573 of 11 706 blood glucose readings) for those with Type 1 diabetes, and 8.4% of occasions

(699/8352) for those with Type 2 diabetes; 13.8% (1610/11 628) and 4.4% (365/8203) within 2 h, and 10.0% (1160/

11 601) and 3.1% (254/8152) within 1.5 h. Analysis of sensor glucose results 5–7 mmol/l demonstrated the glucose

trend arrow descending on 14.7% (1163/7894, Type 1 diabetes) and 9.4% (305/3233, Type 2 diabetes) of occasions.

Conclusions Sensor-based glucose information with directional arrows has the potential to support assessment of safe

glucose levels associated with driving and offers distinct advantages over blood glucose testing for individuals with Type

1 and Type 2 diabetes to concord with driving safety standards.
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Introduction

In the UK, the Driver and Vehicle Licensing Agency (DVLA)

issues driving licences to comply with both European Union

and UK legislation. Drivers with diabetes are subject to

restrictions on their licences and for many individuals with

diabetes there are additional standards to be met in order to

obtain or retain their licence including: demonstrating safe

glucose management, awareness of hypoglycaemia, no more

than one severe hypoglycaemic event per year, and

blood glucose testing relevant to driving [1]. The relatively

recent European legislative requirement to report severe

hypoglycaemia has prompted much discussion [2–4], whereas

the obligation to test glucose levels prior to/during driving,

which has been present in some countries for more than a

decade, has received scant attention [5,6]. Diabetes special-

ists generally recommend glucose levels of ≥ 5 mmol/l as a

‘safe’ glucose threshold for driving [7]. Blood glucose testing

is both a legal requirement [1] and considered crucial for safe

driving with diabetes [8], particularly in those treated with

insulin [4]. UK drivers with insulin-treated diabetes should

test their blood glucose level within 2 h of the start of their

journey and at least every 2 h into their journey [1]. Thus,

according to this regulation up to 4 h could elapse after blood

glucose testing before another test is required to continue

driving. Our aim was to evaluate data from participants

performing capillary blood glucose testing and sensor-based

flash glucose monitoring to determine the likelihood of

hypoglycaemia occurring within this time period and whether

interstitial sensor glucose results could provide additional

information to inform driving decisions.
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Methods

The FreeStyle Libre™ Glucose Monitoring System is

described in detail elsewhere [9]. Briefly, after sensor

scanning, the reader displays 8 h of historic glucose data

and current sensor glucose result with a glucose trend arrow

indicating the direction and rate of change.

Arrows are defined as: ↑, increasing > 0.1 mmol/l/min; ↗ ,

increasing 0.06–0.1 mmol/l/min; ?, changing < 0.06 mmol/

l/min; ↘ , decreasing 0.06–0.1 mmol/l/min; and ↓, decreas-
ing > 0.1 mmol/l/min.

We retrospectively analysed blood glucose results and

interstitial sensor readings from two European randomized

controlled trials (NCT02232698 and NCT02082184) to

determine the frequency with which a low sensor glucose

result (< 3.9 mmol/l) occurred after a capillary blood glucose

result ≥ 5 mmol/l, the level considered safe for driving. In

both studies the analysis was confined to waking hours

(07:00–21:00 h) for a 14-day masked sensor wear (sensor

glucose results were not visible to participants). Study one

was in 241 adults with well-controlled Type 1 diabetes

(HbA1c < 58 mmol/mol; < 7.5%) [10] and study two in 224

adults with Type 2 diabetes treated with intensive insulin

therapy (HbA1c 58–108 mmol/mol; 7.5–12%) [11]. Analysis

of 15-min historic interstiti glucose sensor results was

performed for the 4-h period subsequent to a capillary

blood glucose results of ≥ 5 mmol/l. The frequency of each

of the downward direction arrows was calculated for all

current interstitial glucose sensor results obtained in 07:00–

21:00 h between 5 and 7 mmol/l. The frequency with which a

low sensor glucose result (< 3.9 mmol/l) occurred after a

sensor glucose result 5-7 mmol/l, separately for downward

or upward trend arrows, was calculated. For individuals

with Type 1 diabetes responses to the hypoglycaemia status

questionnaire were compared to the control group using the

Wilcoxon Rank Sum Test.

Results

The analysis showed that subsequent to a finger stick blood

glucose result ≥ 5 mmol/l, a sensor glucose result

< 3.9 mmol/l occurred within 1.5 h on 10.0% of occasions

for adults with Type 1 diabetes (1160 of 11 601 blood

glucose readings ≥ 5 mmol/l) and 3.1% of occasions for

adults with Type 2 diabetes (254 of 8152), increasing to

13.8% (1610 of 11628) and 4.4% (365 of 8203), respec-

tively, after 2 hours and to 22% (2573 of 11 706) and 8.4%

(699 of 8352), respectively, after 4 h. A sensor glucose result

of < 3.0 mmol/l occurred on 3.1%, 5.0% and 9.2% of

occasions within 1.5, 2 and 4 h respectively for Type 1

diabetes, and on 1.0%, 1.5% and 3.1% of occasions for

Type 2 diabetes.

Analysis of the same masked sensor wear period of sensor

results between 5 and 7 mmol/l showed the trend arrow

descending (↘ decreasing 0.06–0.1 mmol/l/min or ↓
decreasing > 0.1 mmol/l/min) on 14.7% of occasions for

participants with Type 1 diabetes (1163 of 7894 sensor

glucose readings) and 9.4% of occasions for those with

Type 2 diabetes (305 of 3233). Analysis of a higher glucose

range (8–12 mmol/l) showed the trend arrow descending on

13.4% and 9.6% of occasions, respectively. Further analysis

of sensor glucose results 5–7 mmol/l showed that, for

individuals with Type 1 diabetes, a sensor glucose level

< 3.9 mmol/l occurred within 2 h on 38.8% of occasions

with a downward glucose trend arrow and on 10.3% of

occasions with an upward arrow, demonstrating the predic-

tive value of the trend arrow.

Prior to randomization, participants in study one (in

Type 1 diabetes) completed a hypoglycaemia status ques-

tionnaire which included asking: ‘Do you check your blood

glucose before driving?’ The optional answers were: yes

always, yes sometimes, or no. By the end of the study, the

likelihood of sensor glucose being checked before driving

was significantly increased for intervention participants using

FreeStyle Libre compared with controls using blood glucose

testing (P = 0.0262) [10].

Discussion

Driving performance and safety are undoubtedly affected by

hypoglycaemia, which is recognized as a cause for road

traffic accidents [4]. Modern glucose monitoring technology

is a significant component of diabetes care; to date, the

DVLA does not recognize the use of interstitial glucose

measurements when assessing ability to drive with diabetes.

An isolated blood glucose result > 5 mmol/l is perceived as

an acceptable level for driving and, theoretically, following

the ‘5 to drive’ principle and DVLA guidance, there could be

4 h between the blood glucose test performed prior to a

journey and a blood glucose test taken after 2 h spent

driving. Our analysis of masked daytime sensor data for

What’s new?

• This study shows new information on the potential risk

of developing hypoglycaemia while driving at a ‘safe’

glucose level despite complying with blood glucose

testing requirements associated with driving.

• Analysis of masked daytime flash sensor-based glucose

data and capillary blood glucose results for individuals

with insulin-treated Type 1 or Type 2 diabetes suggests

that there is a significant risk of hypoglycaemia within

the 4 h driving ‘window’ of blood glucose testing 2 h

before/after starting to drive.

• Risk may be higher for individuals with Type 1 diabetes

than those with Type 2 diabetes treated with multiple

daily injection therapy.
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individuals with insulin-treated Type 1 or Type 2 diabetes

suggests that there is a significant risk of hypoglycaemia

within the 4-h driving ‘window’ even when blood glucose

testing is concordant with DVLA requirements. Any addi-

tional information to support thorough assessment of the

current, prospective or retrospective risk of hypoglycaemia

would be advantageous and is generally unavailable with

finger stick blood glucose testing. Furthermore, our findings

highlight that an elevated blood glucose level is not neces-

sarily protective against falling glucose levels within a few

hours.

Recent population-based data indicate that day-to-day

blood glucose testing frequency is low, with a mean number

of test strips dispensed per day of 1.5 for insulin-treated

Type 2 diabetes and 2.6 for Type 1 diabetes, with around

one-third of individuals with Type 1 diabetes probably not

testing at all [12]. These results support findings that up to

60% of drivers with diabetes never test their glucose level

before driving and this low testing frequency has changed

little in the last decade [5,6,13,14]. Reasons for not regularly

performing blood glucose testing before driving include

inconvenience and not having access to a blood glucose

meter or strips [13]. As recently as 2010, a UK study reported

only 65% of insulin using drivers would ‘consider’ blood

glucose testing before driving and the mean length of time

they would drive before re-checking their glucose level was

2.8 h [15]. Adequate hypoglycaemic awareness is a pre-

requisite for driving and the expected response on experi-

encing hypoglycaemic symptoms is to stop, however, many

drivers continue to drive [4]. Use of continuous monitoring

with alarms may be advantageous for those with reduced,

but not absent awareness of hypoglycaemic symptoms.

Despite the increased focus on hypoglycaemia reporting

for licence holders, little else seems to have changed and

many drivers continue to neglect the requirement for blood

glucose testing associated with driving. With flash glucose

technology, a quick sensor scan may be performed as often as

every minute to display the current glucose level with a

glucose trend arrow, in addition to a graph of 8 h of historic

data (Fig. 1). The questionnaire responses indicate that

scanning may be performed more regularly than blood

glucose testing and there were no significant differences in

treatment effects between age groups. Consistent, frequent

use of FreeStyle Libre sensor glucose results exceeding self-

reported daily rates for blood glucose testing by up to five

times in adults of all ages with insulin-treated diabetes has

been reported, indicating good acceptance of and confidence

in this technology. Furthermore, flash technology is associ-

ated with significant, clinically meaningful reductions in both

daytime and nocturnal hypoglycaemia [10,11]. Speculatively,

if licence holders were able to utilize flash technology they

are likely to access their glucose levels more frequently than

has been reported for blood glucose testing, potentially

enhancing general awareness of their sensor glucose level and

trend before driving. It may also enable prospective hypo-

glycaemia avoidance management for driving.

Because the sensor glucose data were masked, participants

were unable to respond to them. On-going glucose manage-

ment was based solely on finger stick blood glucose levels,

which may have triggered behaviour modifications such as

increased food intake. This is one limitation of our analysis;

furthermore, the glucose trend arrow findings in particular,

should be interpreted with caution because of this. As we did

not set out to evaluate glucose levels associated with driving,

further limitations of the analysis are that the licence status

of the participants and any periods of driving undertaken

during the 14-day wear are unknown. However, this is also

potentially an advantage as participants and investigators in

both the studies were unaware of this analysis and were not

prompted to discuss or review blood glucose testing and

driving requirements. Therefore, bias or influence is limited,

enabling our results to be more reflective of real world

conditions.

In conclusion, we believe that use of FreeStyle Libre sensor

glucose results has the potential to offer licence holders with

diabetes treated with insulin or at risk of hypoglycaemia

FIGURE 1 Example of daytime masked sensor glucose data and blood glucose (BG) results. Green shading signifies no sensor glucose results

< 3.9 mmol/l in the 2 h after the BG reading ≥ 5 mmol/l. Red shading signifies at least one sensor glucose result < 3.9 mmol/l in the 2 h after the BG

reading ≥ 5 mmol/l.
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distinct advantages over isolated blood glucose tests. This

comprehensive glucose information could be invaluable to

support decisions regarding safe glucose levels and ability

to drive, hypoglycaemic risk assessment prior to driving to

reduce the likelihood of an event whilst driving, and when to

re-test on longer journeys. Finally, although we did not set

out to directly assess the impact of unmasked Freestyle Libre

use on hypoglycaemia during driving, given that daytime

hypoglycaemia was reduced in both Type 1 and Type 2

diabetes study groups in the two European randomized

controlled trials described, it would be reasonable to expect

that this would also be associated with a reduced frequency

of hypoglycaemia during driving.
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