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ABSTRACT
Aims/Introduction: The present study investigated the impact of non-severe hypo-
glycemic events (NSHE) on patients’ diabetes management, daily functioning and well-
being.
Materials and Methods: A survey assessing the impact of NSHEs was completed by
insulin-treated Japanese people with diabetes, aged ≥20 years with self-reported diabetes,
who had experienced at least one NSHE in the past 3 months. Survey questions captured
reasons for and the length of the event, and impacts on diabetes management, daily
functioning, sleep and well-being.
Results: A total of 3,145 people with type 1 diabetes mellitus and type 2 diabetes melli-
tus were screened, of which 411 respondents were eligible. Increased glucose monitoring
was reported by 57 and 54% of respondents after daytime and night-time NSHE, respec-
tively. The average number of additional glucose monitoring tests was 2.4 and 3.0 for day-
time and night-time NSHE. Among all respondents, 19% (daytime) and 16% (night-time)
changed their insulin dose after an NSHE. After a daytime NSHE, 25% of respondents
reported a negative impact on their daily activities or work. After a night-time NSHE, 34
and 23% of respondents reported a negative impact on sleep and next day emotional
state, respectively.
Conclusions: NSHEs have a negative impact on the diabetes management, daily
functioning, sleep and well-being of Japanese patients.

INTRODUCTION
Non-severe hypoglycemic episodes (NSHEs), defined as self-
treated hypoglycemia, are a common side-effect of insulin ther-
apy, affecting patients with type 1 and type 2 diabetes1. Esti-
mates for the incidence of NSHE range between 31.2 and 83.2
episodes per year in type 1 diabetes, and 4.16 and 15.6 episodes
per year for insulin-treated type 2 diabetes2–4.
Beyond the acute phase of hypoglycemia, NSHEs have pro-

longed negative effects on patients’ psychosocial health (fear of
hypoglycemia), diabetes management (skipping/reducing insulin
doses), and wider economic consequences for both the individ-
ual and society through absenteeism, reduced productivity and
excess treatment costs5–7. Despite a growing body of evidence
highlighting the negative clinical and psychosocial impact of

NSHEs and their economic importance, they remain underrec-
ognized by the wider medical community and underreported
by patients themselves6,8,9.
Through an improved understanding of the effects of

NSHEs, it might be possible to optimize diabetes management,
and thereby reduce the frequency of hypoglycemia and its bur-
den on patients. The aim of this survey was to assess the
impact of daytime and night-time NSHEs on patients’ daily
lives, functioning and well-being, adherence to medications,
productivity, and resource utilization in a quantitative manner
in a Japanese population.

METHODS
Survey development and administration
To assess the impact of NSHE, a survey was developed based
on the literature, expert input and interviews with 78 persons
with either type 1 diabetes or type 2 diabetes who had recentlyReceived 16 September 2016; revised 16 January 2017; accepted 23 January 2017
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experienced an NSHE, in nine focus groups across four coun-
tries (USA, UK, Germany and France)10. Survey items were
developed based on a qualitative analysis of the expert input
and the persons’ with diabetes interviews, and cognitively
debriefed and pilot tested in English in nine persons who met
the same eligibility criteria as the focus groups. These steps
were carried out to ensure content validity (relevant questions),
and to ensure that the questions had face-validity with the
respondents (e.g., no unfamiliar/strange words or concepts).
The final survey was translated into Japanese using a forward
and backward translation process in conjunction with separate
patient and physician focus groups. The survey was adminis-
tered through a secure Internet server in Japan. The survey
took approximately 20 min for respondents to complete.
NSHEs were defined as episodes that were either symp-

tomatic or confirmed by a blood glucose measurement
≤70 mg/dL (≤3.9 mmol/L) with or without symptoms, that did
not require medical attention (such as needing to call an ambu-
lance, or a visit to the emergency room/hospital) or require
help from anyone else to help manage the hypoglycemic event
(such as needing help with getting something to eat or drink
because they were not able to do it themselves). Night-time
NSHEs were defined as occurring while the patient was asleep
(after they had gone to bed until they became active the next
day). Daytime NSHEs were defined as occurring while the
patient was awake. After entering their demographic informa-
tion, respondents were asked questions on the frequency, cause,
duration and impact of NSHEs. The survey included validation
controls; for example, minimum–maximum plausible values for
each question and skip-pattern analysis based on responses to
previous questions. Respondents were remunerated for their
time if the questionnaire was completed.

Survey sample
Survey respondents were required to have a diagnosis of dia-
betes and to be aware of their diabetes type. All respondents
had to be currently treated with insulin, were aged ≥20 years
and were able to read Japanese. To reduce the effects of recall
bias, respondents were required to have had at least one NSHE
in the past 3 months. Recruitment of respondents was carried
out through multiple online channels, such as website advertis-
ing, permission emailing and affiliate networks, to improve the
generalizability of the results by avoiding the potential for bias
from single-source recruitment. Several hundred websites were
used as part of the recruitment drive. Respondents were not
exposed to third-party advertising or direct marketing cam-
paigns, nor were their data sold to third parties. Data obtained
from the survey was used solely for research purposes. The
panel was frequently refreshed to ensure that any changes in
the online population that might be occurring were captured.
Remuneration for participation in the survey was kept low to
reduce the risk of incentivization bias. The selection process
used a sampling frame in a pre-existing panel of persons with
self-reported type 1 diabetes or type 2 diabetes. A convenience

sample was used – there were no quotas for age, sex or type of
diabetes. All respondents went through a healthcare profiler
(screening questions) to ensure that their diabetes had been
diagnosed by a physician, and that a relevant treatment was
initiated. A stratified sampling procedure was employed using
invitation selection criteria to account for disproportional
response rates between stratification categories. Stratification
variables were age (20–29, 30–39, 40–49, 50–59 and ≥60 years),
diabetes type (type 1 diabetes and type 2 diabetes), sex and
working status (working and non-working). The survey took
place from 29 September to 3 October 2014.

Analysis strategy
Results are presented as frequencies or descriptive statistics
(means and standard deviations). For questions on the impact
of NSHEs on diabetes management, next day functioning and
well-being, a response scale from 1 (e.g., ‘Did not impact my
ability to perform daily activities at all’) to 7 (e.g., ‘Prevented
me from performing my daily activities’) was used. A score of
4 corresponded with the answer ‘Cannot say’. Responses rated
5–7 were summarized as ‘yes,’ indicating a negative impact
resulting from the NSHEs.
All respondents provided informed consent to participate in

the survey. Personally identifiable information was stored in a
separate database from the respondents’ answers and deleted
once they were no longer required.

RESULTS
Respondent characteristics
A total of 411 (3,145 screened) respondents with self-reported
diabetes who met the inclusion criteria (according to screening
questions) completed the survey. The proportion of respon-
dents working for pay was 64%. The mean (standard deviation)
recall duration was 16.2 days (18.8 days) for daytime NSHEs
and 18.9 days (17.7 days) for night-time NSHEs. The majority
of the respondents were men (72%), with a mean age of
51 years (range 22–84 years). Diabetes type was split 44/56%
for type 1 diabetes and type 2 diabetes, respectively. Mean body
mass index was 25 kg/m2 (5.0 kg/m2; Table 1). Insulin alone
or insulin in combination with diet and exercise was the regi-
men for 55% of respondents; all other respondents were treated
with insulin in combination with other oral or injectable agents.
The mean duration of diabetes was 15 years (9.6 years; range
0.3–50 years; Table 1). The proportion of all respondents expe-
riencing a daytime NSHEs in the past 3 months was 92%. The
proportion of all respondents reporting night-time NSHEs over
the same period was lower at 44% (Table 1).

Characterization of the last NSHE
Daytime NSHEs
The mean number of daytime NSHEs in the past 3 months
was 7.1 episodes (11.0 episodes). In patients with type 1 dia-
betes, 62% reported having experienced at least five daytime
NSHEs in the past 3 months, and 45% reported at least 10
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episodes over the same period. Patients with type 1 diabetes
were also twice as likely to have had a daytime NSHE in the
past week (50%) compared with type 2 diabetes (26%; Table 2).
The mean duration of the most recent daytime NSHE was
43 min (55.8 min). Respondents took an average of 15 min
(31.8 min) to realize that they were having a daytime NSHE. It
took a further 12 min (67.2 min) for respondents to take
action in relation to the daytime NSHE, and 1.7 h (6.4 h) for

respondents to feel that they were functioning at their usual
level again. Overall, more than half of the NSHEs were recog-
nized within 9 min, acted on within 9 min and were resolved
within 39 min.

Night-time NSHEs
The mean number of night-time NSHEs in the past 3 months
was 1.9 episodes (5.0 episodes). In patients with type 1

Table 1 | Respondent demographics and characteristics

All Type 1 diabetes
mellitus

Type 2 diabetes
mellitus

Sample size, n (%) 411 (100) 181 (44) 230 (56)
Mean age, years (SD) 51 (11.4) 41 (11.9) 55 (9.9)

Range (years) 22–84 22–84 28–80
Male, n (%) 297 (72) 111 (61) 186 (81)
BMI, kg/m2 (SD) 25 (5.0) 23 (3.9) 26 (5.2)
Mean diabetes duration, years (SD) 15 (9.6) 15 (10.6) 15 (8.7)

Range 0.3–50 0.3–50 0.5–49
Mean no. medical complications (SD) 2 (0.9) 2 (0.9) 2 (0.9)

Range 1–5 1–4 1–5
Diabetes treatment, n (%)

Insulin – diet and exercise 91 (22) 59 (33) 32 (14)
Insulin + other oral/injectable agent 185 (45) 38 (21) 147 (64)
Insulin alone 135 (33) 84 (46) 51 (22)

Work for pay (yes), n (%) 261 (64) 113 (62) 148 (64)
Mean no. hours worked per week (SD) 34.2 (17.7) 33.9 (16.0) 34.4 (18.9)
Proportion of patients experiencing a daytime NSHE in the past 3 months, n (%) 377 (92) 171 (95) 206 (90)
Proportion of patients experiencing a night-time NSHE in the past 3 months, n (%) 181 (44) 104 (58) 77 (34)
Mean frequency of daytime NSHEs in past 3 months (SD) 7.1 (11.0) 11.1 (14.9) 3.9 (4.5)
Mean frequency of night-time NSHEs in past 3 months (SD) 1.9 (5.0) 3.2 (6.8) 1.0 (2.6)

BMI, body mass index; NSHE, non-severe hypoglycemic event; SD, standard deviation.

Table 2 | Diabetes management after last daytime non-severe hypoglycemic event

All Type 1 diabetes
mellitus

Type 2 diabetes
mellitus

Sample size with daytime NSHE in the past 3 months (n) 377 171 206
How long ago did last daytime NSHE occur?, n (%)

<1 week ago 139 (37) 86 (50) 53 (26)
<2 weeks ago 53 (14) 21 (12) 32 (16)
<3 weeks ago 61 (16) 27 (16) 34 (17)
<4 weeks ago 48 (13) 15 (9) 33 (16)
4+ weeks ago 76 (20) 22 (13) 54 (26)

How was the last daytime NSHE recognized?, n (%)
Symptomatic and confirmed by blood glucose testing 161 (43) 74 (43) 87 (42)
Symptomatic, but not confirmed by blood glucose testing 187 (50) 84 (49) 103 (50)
No symptoms, but confirmed by blood glucose on routine testing 29 (8) 13 (8) 16 (8)

Performed additional SMBG testing after last NSHE (yes), n (%) 215 (57) 89 (52) 128 (62)
Mean no. extra blood glucose tests in the 7 days after last NSHE (SD) 2.40 (3.5) 2.55 (3.7) 2.31 (3.3)

Contacted a healthcare professional after event (yes), n (%) 103 (29.7) 43 (26.9) 60 (32.1)
Did your last NSHE cause you to change your insulin dose?, n (%) 73 (19) 42 (25) 31 (15)

Mean duration of using changed insulin dose, days (SD) 2.7 (7.9) 1.4 (0.9) 5.1 (13.0)
Skipped/delayed next insulin dose after last NSHE (yes), n (%) 46 (12) 18 (11) 28 (14)

NSHE, non-severe hypoglycemic events; SD, standard deviation; SMBG, self-measured blood glucose.

778 J Diabetes Investig Vol. 8 No. 6 November 2017 ª 2017 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Ohashi et al. http://onlinelibrary.wiley.com/journal/jdi



diabetes, 20% of patients experienced at least 10 night-time
NSHEs in the past 3 months. A large proportion (38%) of
night-time NSHEs occurred between 12.00 and 02.00 hours,
and a further 29% occurred between 02.00 and 04.00 hours.
In 85% of cases, respondents were woken by the symptoms
of hypoglycemia (Table 3). The mean duration of the last
night-time NSHE was 51 min (56.6 min). Respondents took
an average of 17 min (54.1 min) to realize they were having
an NSHE after waking. It took 10 min (23.7 min) for respon-
dents to take action, and 3.5 h (13.2 h) to feel as though they
were functioning at their usual level again. Overall, as in day-
time, more than half of night-time NSHEs were recognized
within 9 min, acted on within 9 min and resolved within
39 min.

Impact of last NSHE on diabetes management
Daytime NSHE
In the 7 days after the last daytime NSHE, among those
patients who reported increased blood glucose monitoring
(57%), respondents carried out 2.40 (3.5) extra tests. Insulin
dose was changed by 19% of respondents after their last day-
time NSHE. The change in dose was maintained for an
average of 2.7 days (7.9 days; Table 2). Subsequent to the
daytime NSHE, 29.7% of respondents contacted a healthcare
professional.

Night-time NSHE
In the week after the last night-time NSHE, among those
patients who reported increased blood glucose monitoring
(54%), the mean number of additional blood glucose tests car-
ried out was 2.97 (4.3; Table 3). Insulin dose was changed by
16% of respondents. One-third (33.4%) of participants con-
tacted a healthcare professional or doctor after their last night-
time NSHE.

Impact of last NSHE on next day functioning and well-being
Daytime NSHE
The last daytime NSHE had a negative impact on 25% of
respondents’ ability to carry out their daily activities the follow-
ing day (Table 4). The same proportion of respondents
reported a negative impact on their work. A smaller proportion
(6%) of respondents reported that their last daytime NSHE had
caused them to be late for work/leave early or miss a full day.
After their last daytime NSHE, 45% of respondents reported a
fear of future hypoglycemic events (Table 4).

Night-time NSHE
The last night-time NSHE had a negative impact on sleep for
34% of respondents (Table 4). Specifically, returning to sleep
was difficult for 22% of respondents. A similar proportion
(23%) of respondents felt that their last NSHE had a negative
effect on their next-day emotional state. Ability to carry our
daily activities was adversely affected for 19% of respondents;
however, fewer respondents reported a negative impact from

their last night-time NSHE on work activities (10%). A small
proportion of respondents (4%) were late for work, left early or
missed a full day as a result of their last night-time NSHE. Sub-
sequent to their last night-time NSHE, 55% of respondents
expressed fear over further hypoglycemic episodes (Table 4).

DISCUSSION
The results of this survey confirm that NSHEs are not uncom-
mon in people treated with insulin in Japan; occurring with a
frequency of 7.1 and 1.9 events over a 3-month period for day-
time and night-time NSHEs, respectively. The frequency of
NSHEs was approximately threefold higher in patients with
type 1 diabetes compared with type 2 diabetes, concurring with
the findings of the United Kingdom Hypoglycemia Study
Group4.
Despite the common perception that NSHEs are of limited

clinical importance, both daytime and night-time NSHEs had a
significant impact on diabetes management and daily function-
ing. This observation is in agreement with previously published
international surveys, suggesting that the burden of NSHEs is
an artefact of hypoglycemia and not culturally determined11. In
particular, NSHEs have a detrimental effect on patients’ quality
of life, hindering their ability to carry out usual activities. There
are also strong emotional repercussions from NSHE, with
patients reporting fear of future hypoglycemia. Additionally,
night-time NSHEs directly compromise patients’ quality of
sleep. This is a concern, because disruption to sleep has been
associated with metabolic abnormalities that can increase the
risk of future hypoglycemic episodes, creating a vicious
cycle12,13.
The recovery phase of an NSHE prolongs the impact for sev-

eral days. In total, 19% of respondents in the present study
modified their insulin dose during the 7 days after an NSHE –
a value slightly higher than has been reported in other coun-
tries using a similar survey (15.8%)11. Altering, and in particular
decreasing, insulin dose might have negative consequences for
glycemic control. It warrants mentioning that changes in insu-
lin dose that are made according to discussions with healthcare
professionals, and those made through a patient’s own judge-
ment, cannot be assumed to be equivalent in their effects on
glycemic control and the risk of hypoglycemia. The effect of
NSHE-related insulin dose alterations on glycated hemoglobin
is beyond the scope of the present study, but should be the
subject of further study given the potential clinical impact.
The results of this survey suggest that NSHEs lead to

increased direct healthcare expenditure as a consequence of
additional self-measured blood glucose test strip usage and
unplanned visits to see healthcare professionals/physicians.
However, respondents in this Japanese survey undertook
slightly fewer additional self-measured blood glucose tests (2.95)
in the 7 days after a night-time NSHE compared with respon-
dents in other countries (3.6)11.
Both daytime and night-time NSHEs reduced patients’

capacity to carry out work activities, but this was more
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pronounced after a daytime NSHE, where 25% of patients
reported a negative impact. A total of 10% of patients stated
that their last night-time NSHE had at least some negative
impact on their ability to carry out work activities, and 4%
indicated that they ‘Went to work late, left early or missed a
full day’ as a result.
In contrast to surveys carried out in other countries, NSHEs

have a comparatively lower impact on work productivity and
absenteeism in Japan11. We speculate that cultural differences
in the acceptability of absenteeism might contribute to this
observation. Conversely, 29.7% of Japanese patients visited a
healthcare professional after a hypoglycemic episode compared
with ~15% in other countries11. The decision to visit a health-
care professional instead of choosing self-management after an
NSHE could also be due to cultural factors; however, the

increased number of interactions with healthcare professionals
in Japan is likely to have significant cost implications that could
exceed the potential savings made through reduced workplace
absenteeism.
This survey was subject to several limitations. Foremost, the

accuracy of reporting/influence of recall bias on the frequency
of hypoglycemia is unknown, and could be significant given
that the recall period was relatively long (up to 3 months).
Although extensive efforts were made to ensure that a represen-
tative population was surveyed, selection bias might have been
introduced through the use of internet administration of the
survey (only patients who were computer-literate and had
access to the internet could participate). Similarly, although
remuneration for completing the questionnaire was low and
unlikely to have influenced patients’ decision to participate in

Table 3 | Diabetes management after last night-time non-severe hypoglycemic event

All (Type 1 diabetes
mellitus and Type 2
diabetes mellitus)

Type 1 diabetes
mellitus

Type 2 diabetes
mellitus

Sample size with NSHE in the past 3 months (n) 181 104 77
How long ago did last NSHE occur, n (%)

<1 week ago 32 (18) 21 (20) 11 (14)
<2 weeks ago 45 (25) 28 (27) 17 (22)
<3 weeks ago 38 (21) 21 (20) 17 (22)
<4 weeks ago 18 (10) 10 (10) 8 (10)
4+ weeks ago 48 (27) 24 (23) 24 (31)

What time did the NSHE occur?, n (%)
Before midnight 26 (16) 12 (12) 14 (20)
Midnight to before 2 AM 64 (38) 37 (38) 27 (39)
2 AM to before 4 AM 49 (29) 27 (28) 22 (32)
4 AM to before 6 AM 23 (14) 18 (18) 5 (7)
After 6 AM 5 (3) 4 (4) 1 (1)

Situation when last night-time NSHE occurred, n (%)
My hypoglycemia symptoms woke me up 154 (85) 91 (88) 63 (82)
I had no symptoms and did not wake up during the hypo, but I
thought I had a hypo during the nights because of the way I felt
when I woke up

14 (8) 6 (6) 8 (10)

I had hypoglycemic symptoms and my bed partner or someone
else in my household woke me up

10 (6) 7 (7) 3 (4)

I regularly wake up to check my blood glucose during the night
(even when not having hypoglycemic symptoms), and the
reading was low

3 (2) 0 (0) 3 (4)

How was the last night-time NSHE recognized?, n (%)
Symptomatic and confirmed by blood glucose testing 91 (50) 52 (50) 39 (51)
Symptomatic, but not confirmed by blood glucose testing 83 (46) 47 (45) 36 (47)
No symptoms, but confirmed by blood glucose on routine testing 7 (4) 5 (5) 2 (3)

Performed additional SMBG testing after last NSHE (yes), n (%) 98 (54) 54 (52) 44 (57)
Mean no. extra blood glucose tests in the 7 days after last NSHE (SD) 2.97 (4.3) 3.22 (4.4) 2.66 (4.2)

Contacted a healthcare professional after event (yes), n (%) 57 (33.4) 27 (27.9) 30 (41.6)
Did your last NSHE cause you to change your insulin dose? (yes), n (%) 28 (16) 19 (18) 9 (12)

Mean duration of using changed insulin dose, days (SD) 2.44 (3.3) 1.58 (1.2) 5.00 (6.1)
Skipped/delayed next insulin dose after last NSHE (yes), n (%) 13 (7) 7 (7) 6 (8)

NSHE, non-severe hypoglycemic events; SD, standard deviation; SMBG, self-measured blood glucose.
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the survey, the potential for incentivization bias exists. It is also
possible that some respondents misrepresented their diagnosis
at screening. Only those who checked ‘diabetes’ continued
through to the full survey, but we do not have reason to believe
that the number of respondents misrepresenting their diagnosis
would have been large enough to have had a significant impact
on the findings. Self-reporting of diabetes type might not
always be accurate, because a small number of patients with
type 2 diabetes who start insulin immediately after diagnosis
could mistakenly believe they have type 1 diabetes.
Prospective studies are required to explore the impact of

reducing NSHEs on patients’ treatment satisfaction and quality
of life, including mental stress. Randomized controlled trials
with a concurrent control would be preferable, but more
flexible designs, such as delayed start trials, could also be
acceptable. Future studies should also investigate the effect of
diabetes duration on the impact of NSHEs on patients’ diabetes
management and daily functioning, particularly given the
association between diabetes duration and hypoglycemia
unawareness14.
This survey is one of the first to show that, in a Japanese

population, NSHEs have a strong, negative impact on patients’
daily lives and their diabetes management, with wider economic

consequences for patients and society. These findings are in
concordance with previous international surveys, which suggests
that the negative impact of NSHEs is consistent across cultures.
The present study also confirms the need to move away from
considering these events as minor or non-severe and to elevate
their importance in the treatment of diabetes at all levels of
healthcare provision.
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