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Abstract

Purpose:

Hypoglycemia is a frequent side effect induced by insulin treatment of type 1 (T1DM) and type 2 diabetes

(T2DM). Limited data exist on the associated healthcare resource use and patient impact of hypoglycemia,

particularly at a country-specific level. This study investigated the effects of self-reported non-severe

hypoglycemic events (NSHE) on use of healthcare resources and patient wellbeing.

Methods:

Patients with T1DM or insulin-treated T2DM diabetes from seven European countries were invited to

complete four weekly questionnaires. Data were collected on patient demographics, NSHE occurrence in

the last 7 days, hypoglycemia-related resource use, and patient impact. NSHE were defined as events with

hypoglycemia symptoms, with or without blood glucose measurement, or low blood glucose measurement

without symptoms, which the patient could manage without third-party assistance.

Results:

Three thousand, nine hundred and fifty-nine respondents completed at least one wave of the survey, with

57% completing all four questionnaires; 3827 respondents were used for data analyses. Overall, 2.3% and

8.9% of NSHE in patients with T1DM and T2DM, respectively, resulted in healthcare professional contact.

Across countries, there was a mean increase in blood glucose test use of 3.0 tests in the week following a

NSHE. Among respondents who were employed (48%), loss of work-time after the last hypoglycemic event

was reported for 9.7% of NSHE. Overall, 10.2% (daytime) and 8.0% (nocturnal) NSHE led to work-time loss,

with a mean loss of 84.3 (daytime) and 169.6 (nocturnal) minutes among patients reporting work-time loss.

Additionally, patients reported feeling tired, irritable, and having negative feelings following hypoglycemia.

Limitations:

Direct comparisons between studies must be interpreted with caution because of different definitions of

hypoglycemia severity, duration of the studies, and methods of data collection.

Conclusions:

NSHE were associated with use of extra healthcare resources and work-time loss in all countries studied,

suggesting that NSHE have considerable impact on patients/society.
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Background

The burden of diabetes is one of the greatest challenges of
the 21st century, accounting for 11% of total healthcare
expenditure worldwide in adults in 2011 ($465 billion)1,
largely due to the cost of diabetes-related complications.
Whilst the long-term benefits of tight glycemic control are
well recognized, intensive treatment of diabetes increases
the frequency of hypoglycaemia2–5. Frequent experience
of hypoglycemia may lead to hypoglycemia unawareness
which in turn may further increase the risk of hypogly-
cemia, in particular severe episodes6,7. Therefore, many
physicians and patients are reluctant to initiate insulin
therapy, due to the fear and perceived burden of hypogly-
cemia8, which may lead to sub-optimal glycemic control;
hence, reducing the risk of hypoglycemia may enable
patients to achieve better glycemic control safely7.
Hypoglycemia occurs most frequently in patients with
type 1 diabetes mellitus (T1DM) due to the intensive insu-
lin therapy regimen and the impaired counter-regulatory
defense mechanisms, but is also common in patients with
insulin-treated type 2 diabetes mellitus (T2DM)7,9–11.
Severe hypoglycemia is the most commonly studied form
of hypoglycemia and has a considerable economic impact;
for example, glucose-lowering therapies account for
94.6% of all endocrine-related emergency hospitalizations
in older patients12.

Non-severe hypoglycemia may be symptomatic (usually
characterized by a pounding heart, trembling, hunger, and/
or sweating) or asymptomatic. A study by Brod et al.13

investigated the economic consequences of non-severe
hypoglycemia for patients and their employers in the
US, UK, Germany, and France. Non-severe hypoglycemia
was associated with a substantial economic burden, due to
its high frequency and the associated lost productivity and
increased healthcare resource costs13. Similarly, a recent
study showed the considerable impact of nocturnal non-
severe hypoglycemic events (NSHE) on patients across
nine countries14. Moreover, hypoglycemia reduces patient
wellbeing where both severity and frequency of hypogly-
cemia are associated with reduced quality-of-life13,15–19.
Hypoglycemia can also trigger patient fear and anxiety,
disrupting sleep, domestic, and social life, and leading to
patients maintaining a higher-than-optimal glucose
level13,19,20. The frequency of hypoglycemic events may
be under-reported because many patients do not inform
their healthcare professional about their hypoglycaemia21,
and also because clinical trials often exclude patients who
experience recurrent severe hypoglycemia or experience
hypoglycemia unawareness, which are both predictors of
risk of hypoglycemia9.

Limited data exist on the use of healthcare resources
due to hypoglycemia induced by glucose-lowering treat-
ment in many countries. This study was undertaken to
collect country-specific data on the rate of NSHE among

patients with insulin-treated diabetes, and to assess the
health-economic and patient-impact consequences of
non-severe hypoglycemia in seven European countries.
Results from the first part of the study have been
published elsewhere21. The aim of the second part of
the study, reported here, was to investigate the
impact on healthcare resource use and patient outcomes
of self-reported NSHE in patients with T1DM and
insulin-treated T2DM.

Methods/design

Study design

Patients with insulin-treated diabetes were invited to com-
plete on-line questionnaires to investigate the frequency
and impact of hypoglycemia in real-life settings in seven
European countries (Austria, Denmark, Finland, the
Netherlands, Norway, Sweden, and Switzerland).
Patients were invited to participate if they met the screen-
ing criteria of a confirmed diagnosis of diabetes, were415
years of age, and were currently being treated with any
insulin regimen. Inclusion criteria were kept to a minimum
in order to obtain data that were representative for a broad
patient population.

Patients completed the questionnaire on four occasions
at weekly intervals, to obtain data on frequency of NSHE
in the previous 7 days and hypoglycemia-related resource
use following patients’ last NSHE. The first questionnaire
was also used to collect data on patient demographics
and patient experience and knowledge of hypoglycemia.
All respondents completed the questionnaires anonym-
ously, in line with the industry regulations (European
Pharmaceutical Marketing Research Association
[EphMRA] and European Society for Opinion and
Marketing Research [ESOMAR]). A minimum incentive
was offered (E5–25) for the time taken to complete the
entire survey (35 min in total for the four questionnaires),
to ensure that respondents participated for non-monetary
reasons.

A NSHE was defined as an event with symptoms of
hypoglycemia, with or without blood glucose measure-
ment, or asymptomatic with a low blood glucose measure-
ment (53.1 mmol/L), which the patient could manage
without assistance. Patients were categorized according
to whether they had been diagnosed with T1DM or
T2DM, and patients with T2DM were further grouped
according to the type of insulin therapy they received:
BOT—basal-only therapy, BB—basal–bolus therapy, or
O—patients on ‘other’ insulin regimens; this included
those on pre-mixed insulin, using an insulin pump or on
bolus-only insulin21.
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Recruitment methodologies

Patients were primarily recruited via existing large online
panels deemed to reflect a representative sample of local
populations based on age, gender, and other demographic
characteristics. This accounted for 82% of respondents
and was the only method of recruitment used in the
Netherlands. Where an insufficient number of respond-
ents could be identified via online panels, other methods
of recruitment were initiated, including the use of adver-
tisements on diabetes-related websites and patient
association websites, face-to-face recruitment, telephone
recruitment, and subsequent referrals from friends and
family. Additionally, some patients were directly
recruited by nurses at general practitioner (GP) clinics
who had been asked to identify patients and seek consent
for participation before providing contact details for
those that were eligible to take part in the survey. A
target of 600 patients per country was set with an expect-
ation that the probability of a hypoglycemic event occur-
ring in the last 7 days would have a 95% confidence
interval of �4%.

Outcomes

The questionnaires were used to collect data on the
frequency of daytime and nocturnal NSHE during the pre-
ceding 7 days (as reported by Östenson et al.21). Data were
also collected on healthcare resource use following a
NSHE, e.g., contact made with healthcare professionals
and the number of extra blood glucose strips used. Loss
of work-time following a NSHE was assessed by asking
patients to report time off work and lost productivity,
i.e., where patients were at work but were not as effective
as usual (e.g., rescheduling work, postponing appoint-
ments, struggling to focus). Patient wellbeing was exam-
ined using questions relating to negative feelings following
a NSHE, duration of negative feelings following hypogly-
cemia, and how hypoglycemia affected a patient’s day.
Patients were only asked to provide information relating
to their last NSHE, in order to reduce the burden to
respondents. It was assumed that the behavior following
the last NSHE was representative of the average across
all the reported NSHEs.

Data cleaning was performed to remove unrealistic or
extreme outliers, as described in more detail in Östenson
et al.21. Where applicable, the questions requiring values as
entries had pre-programmed minimum and maximum
values. In order to exclude non-serious responders, patients
were omitted if they provided erroneous answers to simple
demographic questions or inconsistent answers, such as a
disease duration greater than their age. Patients who did
not know whether they had T1DM or T2DM were also
excluded.

Results

Baseline characteristics and demographics

In total, 3959 respondents completed at least one wave
of the survey, with 76%, 66%, and 57% completing
waves two, three, or four, respectively. Following data
cleaning, 132 (3.3%) responses were excluded. From the
remaining 3827 respondents, 11,440 patient-week records
were collected and used for the analyses.

The demographic characteristics of the overall patient
population, and by country and diabetes type, are summar-
ized in Table 1. Patients with T1DM and T2DM had
mean glycosylated hemoglobin (HbA1c) values of 7.7%
(61 mmol/mol) and 7.6% (60 mmol/mol), respectively.
The overall employment rate was 48%, which was similar
between the countries investigated, ranging from �40%
in the Netherlands and Austria to 60% in Switzerland.
The mean duration of insulin treatment was 19.9, 5.3,
8.9, and 7.1 years for patients with T1DM, T2DM-BOT,
T2DM-BB, and T2DM-O, respectively.

Mean frequencies of NSHE/patient-week for all
patients were 1.8 (T1DM), 0.4 (T2DM-BOT), 0.7
(T2DM-BB), and 0.5 (T2DM-O), corresponding to
annual event rates of 91.0, 20.3, 35.4, and 27.0 NSHE,
respectively21. The proportion of NSHE occurring at
night was 28% for the overall population and 22%, 32%,
22%, and 27% in patients with T1DM, T2DM-BOT,
T2DM-BB, and T2DM-O, respectively.

Healthcare resource use

Following a NSHE, contact with a healthcare professional
was reported by 2.3%, 8.9%, 7.0%, and 9.7% of patients
with T1DM, T2DM-BOT, T2DM-BB, and T2DM-O,
respectively (Table 2). Across countries, there was a
mean increase in blood glucose test use in the week fol-
lowing a NSHE of 3.0 overall and 2.9, 2.7, 3.1, and 3.8
in patients with T1DM, T2DM-BOT, T2DM-BB, and
T2DM-O, respectively (Table 2). Across all seven coun-
tries, 13.6% [95% confidence interval (CI): 12.2; 14.9]
of NSHE led to patients reducing their insulin dose
(Table 2). This was similar across countries, except for
Norway, where only 4.0% [95% CI: 1.7; 6.4] of NSHE
led to a reduction in insulin dose (Table 2).

Work-time loss

Among those who were employed, loss of work-time was
reported following 9.7% of NSHE (Table 2). Overall,
10.2% and 8.1% of NSHE led to work-time loss after a
daytime or a nocturnal NSHE, respectively. Across coun-
tries the mean (SD) work-time lost among patients who
reported work-time loss (n¼ 282) was 84.3 (144.5) for a
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daytime and 169.6 (241.0) min for a nocturnal event
(Table 2).

Overall, 10% of NSHE led to patients rescheduling
their working day, 3% to postponing appointments, 27%
to reporting that they had difficulty in focusing at work,
and 12% feeling that their colleagues noticed that they
were experiencing the effects of a hypoglycemic event.
The time spent doing something about a NSHE (for exam-
ple monitoring your blood sugar, going to get something to
eat or drink and then eating or drinking it) was similar
following a daytime and a nocturnal event and did not
vary greatly between countries (Table 2). The overall
mean (SD) time taken to return to normal functioning
was 50.4 (357.6) min following a daytime NSHE and
80.5 (267.6) min following a nocturnal NSHE. The time
taken to return to normal functioning was higher follow-
ing a nocturnal NSHE compared with a daytime NSHE
(Table 2).

Patient wellbeing

NSHE impacted on patient wellbeing, with the most fre-
quent complaints being tiredness/fatigue (58%), feeling
less alert (40%), and feeling irritable (24%) (Figure 1).
On average the negative feelings following hypoglycemia
lasted for a mean of 5.4 h following a daytime event and
12.2 h following a nocturnal event. Experiencing a noctur-
nal NSHE had a substantial impact on patient behavior
the following day: 52% of NSHE led to patients reporting
less energy than usual, 32% needed to rest during the day,
and 27% found it difficult to concentrate (Figure 2).
Similar effects were reported following a daytime NSHE
(Figure 2). Following 51% of NSHE, patients felt that they
were not able to complete their work tasks in a timely
manner (Table 2).

Discussion

The results of this large-scale survey of patients with
T1DM and insulin-treated T2DM show that non-severe
hypoglycemia leads to an increase in healthcare resource
use and to a loss of productivity. Furthermore, a substantial
proportion (28%) of patient-reported non-severe hypogly-
cemia occurred nocturnally; in general this had a greater
effect on productivity and patient wellbeing than daytime
hypoglycemia.

In terms of direct healthcare resource use, patients
increased the number of blood glucose tests used by 3.0
in the week following the NSHE. This compares with an
overall increase of 5.6 per week and 3.6 per week for noc-
turnal NSHE reported by Brod et al.13,14 in two different
studies. Even greater increases in blood glucose test use of
71% and 80% following a NSHE in T1DM and T2DM,
respectively, have been reported19.

A number of patients contacted a healthcare profes-
sional following a NSHE in the current study. The propor-
tion was highest in Switzerland (9.4%) and lowest in
Denmark and Sweden (both 2.9%). Furthermore, across
countries, patients with T2DM-BOT were the most
likely to contact their healthcare professional, whereas
those with T1DM were least likely. This may be because
patients with T1DM frequently had a longer disease dur-
ation and a higher frequency of NSHE, and were therefore
more familiar with hypoglycemia or more confident at
managing it themselves. In contrast, patients on BOT
were likely to have been using insulin therapy for a shorter
period of time. Overall the proportion of patients contact-
ing their healthcare professional (4.8%) was lower than
the 25% reported by Brod et al.13 for the UK, Germany,
France, and the US, and the 14.8% reported across nine
countries following a nocturnal NSHE14. The proportion
contacting a healthcare professional in the Netherlands
(5.6% vs 9.5%) and Sweden (2.9% vs 6.2%) were similar

Ill and/or
general discomfort

Tired and/or fatigued

Less alert

Irritable

Moody

Nervous and/or
anxious

Other negative
feelings

Nauseous

Patients (%)

6050403020100

Emotionally down
or low

Figure 1. Patient feelings following a non-severe hypoglycemic event. Data
reported are for the last non-severe hypoglycemic event reported in the
7-day period.

6050403020100

Find it difficult to
concentrate

Less energy than
usual

Have a headache

Go to bed earlier than
usual

Get up later than usual

Drink more caffeinated
drinks than usual

Patients (%)

Daytime NSHE

Night-time NSHE

Need to nap/rest to
catch up on sleep

Figure 2. Patients’ experience on the day following a daytime or nocturnal
NSHE. NSHE, non-severe hypoglycemic event. Data reported are for the last
NSHE reported in the 7-day period.
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between this study and Brod et al.14. Differences between
studies may reflect inter-country differences; for example
there may be cultural differences in how frequently
patients contact their doctors, and/or differences in the
quality of patient education that could be influential,
especially considering the high proportion of patients
on complex insulin regimens. The latter usually receive
more detailed instructions on insulin use and are more
experienced in self-management of hypoglycemic events.
It has also been shown that many patients do not commu-
nicate effectively with their healthcare professionals
regarding their NHSE, with the lowest level of communi-
cation reported during routine appointments in the
Netherlands, with 86% of T1DM, 64% of T2DM-BOT,
77% of T2DM-BB, and 79% of T2DM-O rarely or never
informing their healthcare professionals about hypogly-
cemic events21.

The frequency of NSHE also impacts indirectly on the
economy due to lost productivity, e.g., due to lost work-
time and missed appointments. In the current study, 10.2%
and 8.0% of NSHE led to respondents missing work-time
following a daytime or a nocturnal event, compared with
18.3% and 22.7% missing work if their NSHE occurred
during or outside working hours (including nocturnal)
found by Brod et al.13. The estimated mean loss in working
time in this study was 84.3 min (1.4 h) after a daytime
NSHE and 169.6 min (2.8 h) after a nocturnal event
among patients reporting work-time loss, with consider-
able differences between countries. This is considerably
lower than the values observed in the study by Brod
et al.13, where the mean work-time loss after a nocturnal
NSHE was 14.7 h among patients reporting work-time loss.
A smaller UK-based study, evaluating mostly patients with
T1DM who experienced a low rate of NSHE compared to
the current study, showed that a mean of only 12.8 min
work-time was lost following non-severe hypoglycemia
occurring at any time of day22.

The overall annual direct medical costs of patients with
T2DM in eight European countries were estimated as
E2834 in 200223, indicating a substantial economic
burden of diabetes. The present study estimates the
resource use, but not the direct costs, associated with a
NSHE. Studies that have included costs related to hypo-
glycemia include one performed in patients with T2DM in
Sweden, which estimated the direct and indirect costs of
all severe and non-severe hypoglycemia to be US$12.9 and
$14.1 per patient per month, respectively24. The annual
cost of productivity loss following non-severe hypogly-
cemia per patient has been estimated at �$2300 across
the US, UK, Germany, and France13. However, it should
be noted that this was based on an average of more than
14 h work-time loss among patients in employment report-
ing work-time loss. It is also recognized that the costs aris-
ing due to severe hypoglycemia are higher than those for
non-severe hypoglycemia. Furthermore, asymptomatic

non-severe hypoglycemia is likely to be common and
may result in lost productivity, but by its nature is difficult
to quantify.

Respondents reported tiredness/fatigue and negative
feelings following a NSHE, indicating that non-severe
hypoglycemia significantly impacts on patient wellbeing.
This study and the study by Brod et al.14 show that the time
needed to return to normal functioning or recovery phase
after a nocturnal NSHE lasted considerably longer than
the acute symptoms of hypoglycemia. The results of this
survey are in line with previous studies showing that hypo-
glycemia negatively affects patient quality of life13,15.
Hypoglycemia may lead to anxiety/worry about future epi-
sodes, or to patients maintaining a higher than optimal
blood glucose level, by reducing insulin dose or through
deliberate over-eating, to avoid hypoglycemia.

To date, studies of hypoglycemia have focused on
T1DM more than T2DM and often on severe hypogly-
cemia rather than non-severe hypoglycemia. Whilst the
frequency of hypoglycemia is greater in T1DM than
T2DM, the lower occurrence in T2DM is not inconse-
quential, becoming more frequent with disease duration9

and more stringent treatment goals. Furthermore, due to
the high frequency of non-severe hypoglycemia and the
proportion of patients with diabetes that it affects, the
impact and economic consequences may be substantial.
This is the first study, to our knowledge, to examine
healthcare resource use specifically following NSHEs in
all of these seven European countries and supports the
data reported on nocturnal NSHE for the Netherlands
and Sweden by Brod et al.14. It provides a valuable insight
into the impact of non-severe hypoglycemia, and high-
lights the fact that reducing NSHEs could have economic
benefits and improve patient wellbeing. As hypoglycemia
is a major barrier to achieving good glycemic control in
patients with T1DM and insulin-treated T2DM7, measures
to reduce the incidence of severe and non-severe hypogly-
cemia could help lessen the burden on patients and the
economic burden on society. Furthermore, data from a
large observational study showed that patients who experi-
ence NSHE are significantly more likely to experience
severe hypoglycemia, further supporting the rationale for
reducing the occurrence of NSHE25.

The study also has some limitations. As the survey was
completed via the internet, this made it only available to
those who were literate and had computer access, introdu-
cing an element of selection bias. However, the rate of
literacy and access to the internet is very high in all of
the seven European countries included in this study26.
Direct comparisons between studies must be interpreted
with caution because of the differing definitions of hypo-
glycemia severity, different duration of the studies, and
different methods of including and/or recruiting patients
to studies. The current data are based on patient reports,
and the anonymity of the patients completing the
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questionnaire does not allow for cross-validation of the
accuracy of the information. The data are based on patient
recall, so there may be an element of recall bias or report-
ing inaccuracy. Respondents were asked about NSHE
experienced in the previous 7 days, so they were not
required to recall information over long periods.
However, the fact that the results in the different countries
were generally consistent strengthens the validity of the
data. Overall, the mean HbA1c values of patients included
in this study are relatively low; this could suggest a bias in
selection of patients with near-normal glycemia, thus
being more prone to develop NSHE. Additionally,
patients in good control may be keener to participate in
studies such as this one or they may be more aware of their
HbA1c level, which could also lead to a reporting bias.
However, recent data from a randomized disease manage-
ment study in patients with T2DM treated by GPs in
Austria showed a mean HbA1c of 7.4%, suggesting that
this average glycemia level may be representative for the
typical insulin-treated diabetes population27.

Conclusions

NSHEs were associated with increased use of healthcare
resources and work-time loss in all the countries studied
and had a negative impact on wellbeing. It therefore seems
that, both from an economic and a patient wellbeing per-
spective, more attention to prevention of non-severe
hypoglycemia is needed.
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