
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

Descriptions of health states associated with increasing severity and frequency of
hypoglycemia: a patient-level perspective

Harris, Stewart B.; Khunti, Kamlesh; Landin-Olsson, Mona; Galbo-Jorgensen, Claus B.;
Bogelund, Mette; Chubb, Barrie; Gundgaard, Jens; Evans, Marc
Published in:
Patient Preference and Adherence

DOI:
10.2147/PPA.S46805

2013

Link to publication

Citation for published version (APA):
Harris, S. B., Khunti, K., Landin-Olsson, M., Galbo-Jorgensen, C. B., Bogelund, M., Chubb, B., Gundgaard, J., &
Evans, M. (2013). Descriptions of health states associated with increasing severity and frequency of
hypoglycemia: a patient-level perspective. Patient Preference and Adherence, 7, 925-936.
https://doi.org/10.2147/PPA.S46805

Total number of authors:
8

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

https://doi.org/10.2147/PPA.S46805
https://portal.research.lu.se/en/publications/7291f1cf-d6a7-4844-98b2-86d8fa8df53e
https://doi.org/10.2147/PPA.S46805


© 2013 Harris et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article  
which permits unrestricted noncommercial use, provided the original work is properly cited.

Patient Preference and Adherence 2013:7 925–936

Patient Preference and Adherence

Descriptions of health states associated with 
increasing severity and frequency of hypoglycemia: 
a patient-level perspective

Stewart B Harris1

Kamlesh Khunti2

Mona Landin-Olsson3

Claus B Galbo-Jørgensen4

Mette Bøgelund4

Barrie Chubb5

Jens Gundgaard6

Marc Evans7

1Schulich School of Medicine and 
Dentistry, Western University, 
London, ON, Canada; 2Diabetes 
Research Unit, University of Leicester, 
Leicester, UK; 3Department of 
Medicine, Helsingborg Hospital, Lund 
University, Lund, Sweden; 4Incentive, 
Holte Stationsvej, Holte, Denmark; 
5EU Health Economics and Outcomes 
Research, Novo Nordisk Ltd, Crawley, 
UK; 6Health Economics and HTA, 
Novo Nordisk A/S, Søborg, Denmark; 
7Department of Diabetes, University 
Hospital Llandough, Cardiff, UK

Correspondence: Stewart B Harris 
Schulich School of Medicine and 
Dentistry, Western University, 245-100 
Collip Circle, UWO Research Park, 
London, ON, N6G 4X8, Canada 
Tel +1 519 858 5028 
Fax +1 519 858 5029 
Email sharris1@uwo.ca

Aims: We sought to develop descriptions of health states associated with daytime and nocturnal 

hypoglycemia in a structured fashion from the patient’s perspective under different combina-

tions of severity and frequency of hypoglycemic events.

Methods: An expert meeting followed by two patient focus groups was used to develop com-

prehensive descriptions of acute consequences of severe and non-severe, daytime and nocturnal 

hypoglycemia. Patients with diabetes (type 1 = 85, type 2 = 162) from a survey panel then 

validated these descriptions and assessed how often they worried and took different actions to 

prevent hypoglycemia. Severity and frequency of hypoglycemia were compared with respect 

to how often people worried and took actions to prevent an event. The effect of hypoglycemia 

on 35 different life activities was quantitatively compared for patients who had and had not 

experienced a severe hypoglycemic event.

Results: At least 95% of respondents agreed that the detailed patient-level descriptions of health 

states accurately reflected their experience of severe and non-severe, daytime and nocturnal 

hypoglycemia, thereby validating these descriptions. Respondents who had experienced a severe 

hypoglycemic event were generally more adversely affected in their worries and actions and life 

events than those who experienced only non-severe events; those who experienced nocturnal 

events were more affected than those who experienced only daytime events.

Conclusion: The negative psychosocial consequences and undesirable compensatory behaviors 

arising from hypoglycemia underscore the importance of preventing severe episodes, particularly 

severe nocturnal episodes. These validated descriptions for hypoglycemia from the patient’s 

perspective may also help inform future qualitative and quantitative research.

Keywords: hypoglycemia, health states, diabetes, quality of life

Introduction
Hypoglycemia is a common, unwanted adverse effect of glucose-lowering treatment in 

patients with type 1 or type 2 diabetes.1–8 Hypoglycemia occurs when the plasma glucose 

becomes too low. Hypoglycemia can be divided into non-severe (minor) and severe 

(major) events, as well as according to daytime or nocturnal (during sleeping hours) 

occurrence. In non-severe events, the individual is able to take remedial action, whereas, 

in severe events, assistance by a third party is required. Traditionally, hypoglycemia has 

tended to be viewed as a more serious issue for patients with type 1 diabetes due to the 

greater frequency of events, and of severe events in particular.4,9 There is, however, grow-

ing appreciation of the burden of hypoglycemia in people with type 2 diabetes.4,7,10–12

The scope of the acute symptoms of hypoglycemia, as well as the negative psy-

chosocial consequences and compensatory health-related behaviors arising from fear 
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of these symptoms, are well documented.1,10,13–21 These result 

in reduced therapy adherence, poorer treatment satisfaction 

and reluctance to escalate blood glucose-lowering therapy.13 

As a result, hypoglycemia remains the critical treatment-

limiting factor in diabetes management,10,14,22,23 and represents 

a significant barrier to the achievement of optimal blood 

glucose control.24

Qualitative and quantitative research has charac-

terized how hypoglycemia and fear of hypoglycemia 

adversely affect a patient’s health-related quality of life 

(HRQoL),15–17,19,21,25,26 although there is no complete under-

standing of how different aspects of hypoglycemia affect 

particular aspects of patients’ lives when describing health 

states.27 Indeed, there is a dearth of information in the lit-

erature about the differentiation of health states between 

severe and non-severe hypoglycemia from the patient’s 

 perspective. Therefore, this study was conducted to gener-

ate and validate comprehensive descriptions of health states 

associated with non-severe and severe, daytime and noctur-

nal hypoglycemia, occurring from once yearly to three times 

weekly. Basing these descriptions on a patient’s perspective 

was a prelude to incorporating them as health-state descrip-

tions in a multinational time trade-off study.28

Patients and methods
Since the goal of this study was to develop descriptions of 

health states associated with various severities and frequen-

cies of hypoglycemia, the patients’ experiences of acute 

symptoms of non-severe and severe, daytime and nocturnal 

hypoglycemia, as well as the effect of those symptoms on 

daily life, needed to be understood. A series of prospective, 

qualitative efforts, including an expert meeting, patient focus 

groups, and a self-administered questionnaire distributed to 

an internet survey panel, were conducted and administered 

sequentially. When combined, these were used to generate 

comprehensive descriptions of health states associated with 

hypoglycemia, from a patient’s perspective. A flow chart 

explaining the sequence of activities in the study is shown 

in Figure 1.

Expert meeting
An expert panel summarized preliminary symptomatic 

descriptions of daytime and nocturnal, severe and non-severe 

hypoglycemic events, and identified elements in the daily life 

of patients likely to be affected by experiencing these events. 

The results of this meeting were used to prepare an interview 

guide for subsequent patient focus groups.

Patient focus groups
Ten patients with type 2 diabetes and two patients with 

type 1 diabetes were recruited to participate in focus groups, 

the purpose being to further develop detailed descriptions 

of the experience (acute symptoms) of hypoglycemic events, 

and to explain how hypoglycemia influenced aspects of daily 

living such as working, driving, exercising, and socializing. 

The focus groups were administered by a subcontractor and 

participants were recruited from the subcontractor’s existing 

panel (see Acknowledgments).

Two separate focus groups, each consisting of six patients 

who were gender-matched to support building commonalities 

between respondents, were conducted. All participants were 

using oral and/or injectable therapy and reported having hypo-

glycemic events at least once every 3 months. Five patients 

experienced nocturnal hypoglycemia and three had required 

medical assistance as a result of hypoglycemia. No definition 

of hypoglycemia was provided to patients at recruitment so 

as not to bias discussions. To ensure that all relevant aspects 

Expert meeting
8 physicians and health economists

1.  Preliminary descriptions of
     hypoglycemic events
2.  Elements in daily life affected by
     these events

Interview guide

Patient focus groups:
All used oral and/or injectable therapy

All reported hypoglycemia at least once every
3 months

Group 1:
5 T2D, 1 T1D

Pilot questionnaire (n = 50)

Final questionnaire (n = 451)
1. Demographics
2. Actions and worries
3. Lifestyle questions

Screened out n = 183
No hypos n = 118
Infrequent hypos n = 65
Withdrew n = 21

Final sample
(n = 247; 162 T2D; 85 T1D)
1. Validation of descriptions
    of health states
2. Survey results

Group 2:
5 T2D, 1 T1D

Internet
survey
panel

Focus
group

interviews

Expert
meeting

Figure 1 Study design.
Abbreviations: hypos, hypoglycemic events; n, number; T1D, type 1 diabetes; 
T2D, type 2 diabetes.
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of hypoglycemia were covered during the focus groups, the 

interview guide described on the previous page was used to 

shape the discussion.

Internet-based survey panel
The questionnaire used for this survey was derived from 

the outcomes of the expert meeting and the patient focus 

groups, which also provided descriptions of the acute 

symptoms of health states. In order to investigate how 

hypoglycemia affected daily lives of patients with dif-

ferent degrees of hypoglycemic experience, 35 lifestyle 

questions were formulated about how and how frequently 

hypoglycemia affected activities such as traveling, driv-

ing, exercising, socializing, and study/work. Examples of 

these questions include: “How often do you plan your life 

around food and medicine?” and “How often do you worry 

about the risk of having a hypo [hypoglycemic event] when 

traveling?” Finally, the questionnaire also contained various 

items regarding the respondents’ backgrounds and diabetes 

characteristics.

The main data were obtained from randomly selected 

people with diabetes aged 18 and older who had previously 

agreed to be part of an internet survey panel in the UK. The 

panel comprised a representative sample of people with 

 diabetes. Participants for this particular survey were recruited 

by an alert sent out to members requesting participation. 

However, for inclusion in the sample, the respondents must 

have experienced non-severe daytime (based on a descrip-

tion of a minor daytime hypo and answers to the questions: 

“Have you ever experienced a minor daytime hypo?” and 

“How often do you usually have a minor daytime hypo?”) 

or nocturnal hypoglycemic events (based on a description of 

a nocturnal hypo and answers to the questions: “Have you 

ever experienced a night-time [nocturnal] hypo?” and “How 

often do you usually have a night-time [nocturnal] hypo?)” 

more often than once every 3 months, or have experienced 

at least one severe hypoglycemic event (based on a descrip-

tion of a major hypo and answers to the questions: “Have 

you ever experienced a major hypo?” and “How many major 

hypos have you had within the past year?”). Therefore, this 

sample should be viewed as representative of a population 

of people with diabetes who experience hypoglycemia, and 

not the general population of diabetes patients. Patients 

responded anonymously via an online self-administered 

questionnaire, an approach that has been successfully used 

by other groups.29–31 As part of their response, patients 

also indicated whether or not (Yes/No) they agreed with 

the descriptions of minor daytime, minor nocturnal, and 

major hypoglycemic events. Background information on 

the participants, including the generic HRQoL Instrument, 

EQ-5D,32–34 and diabetes characteristics was also collected. 

EQ-5D is a standardized instrument for measuring health 

outcomes on a scale of 0–1, with a lower value indicating 

poor health (see www.euroqol.org).

Before the main data collection was initiated, a pilot 

survey was carried out with an additional 50 respondents 

not included in the final analysis, to assess whether they 

understood the questions. When necessary, the questionnaire 

was modified to improve understanding.

Statistical analysis
Basic descriptive statistics were calculated for patients 

overall, and for subgroups of patients with greater or lesser 

experience of hypoglycemia, using a statistical software 

package, SAS version 9.2 (SAS Institute Inc, Cary, NC, 

USA).

Spearman’s correlation coefficient was used to deter-

mine if the frequency of co-occurrence of different types of 

hypoglycemic events was statistically significant. In order 

to obtain health-state descriptions of a manageable num-

ber, length, and complexity, the results were grouped and 

frequencies averaged, and the most remarkable changes in 

actions and worries with changed frequencies and severity 

of hypoglycemia were identified. The scheme for describing 

patient actions and worries in response to various frequencies 

and severity of hypoglycemia is shown in supplementary 

material, Table S1.

Validation of health-state descriptions refined during the 

previously conducted patient focus groups was determined by 

assessing agreement with the proposed descriptions among 

members of the survey panel. The responses to each of the 

35 questions about lifestyle consequences of hypoglycemia 

were given on a text-based Likert scale (Never, Rarely, 

Sometimes, Often, Always) and converted to numbers (1, 2, 

3, 4, 5) for analysis. For each of the 35 questions, the chi-

squared test was used to determine if actions and worries for 

respondents who had experienced severe hypoglycemia were 

significantly different from those who had only experienced 

non-severe events.

Results
Description of hypoglycemic events
Descriptions of acute symptoms for non-severe daytime, 

non-severe nocturnal and severe hypoglycemia, derived 

from expert panel and patient focus groups, are shown in 

Table 1.
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Response from internet survey panel
A total of 451 patients from the internet survey panel 

responded to the recruitment alert. Most of the respon-

dents (n = 346/451, 77%) had type 2 diabetes, while 

23% (n = 105/451) had type 1 diabetes. Based upon their 

hypoglycemia experience, n = 118/451, 26% (n = 5/105, 5% 

type 1 diabetes and n = 113/346, 33% type 2 diabetes) were 

screened out because they had not experienced any kind of 

hypoglycemia, and n = 65/451, 14% (n = 10, type 1 diabetes 

and n = 55, type 2 diabetes) were screened out because they 

had experienced only infrequent hypoglycemia. Twenty-one 

of these eligible participants dropped out after screening, 

leaving a final sample of 247 patients (n = 85, 34.4% type 1 

diabetes and n = 162, 65.6% type 2 diabetes).

Demographic characteristics of the participants, by sever-

ity of hypoglycemia, are shown in Table 2. People with more 

severe hypoglycemic experience tended to have a longer 

duration of diabetes (P = 0.0223) and be using insulin or 

other injectable therapy (P , 0.0001).

Severity and frequency of hypoglycemic 
events
As a result of the screening process, there was considerable 

experience with all types of hypoglycemia among the survey 

respondents. Nearly all (n = 243/247, 98%) experienced a 

non-severe daytime hypoglycemic event, and three-quarters 

(n = 185/247, 75%) experienced a non-severe nocturnal hypo-

glycemic event, including n = 71/85, 84% of those with type 1 

diabetes and n = 113/162, 70% of those with type 2 diabetes. 

The frequency of non-severe events is further broken down 

by type of diabetes in Table 3. Severe events were less com-

mon than non-severe events. Nevertheless, within this pre-

screened sample, over half (n = 133/247, 54%) experienced 

a severe hypoglycemic event (including 74% of respondents 

with type 1 diabetes and 43% of respondents with type 2 dia-

betes), the majority of which (n = 122/133, 91.7%) occurred 

Table 1 Patient-level descriptions of acute symptoms in type 1 
and type 2 diabetes for non-severe daytime, nocturnal, and severe 
hypoglycemia

Minor daytime hypoglycemic event – “A minor daytime hypo 
happens suddenly because of low blood sugar. You might feel shaky, 
dizzy, sweaty or irritable. You might also feel confused or sick, get 
a headache, or feel your heart pounding (have palpitations). These 
symptoms usually do not last long and will go away when you eat or 
drink something that contains sugar. After a minor daytime hypo, you 
might feel tired and not even remember what happened.”
Minor night-time (nocturnal) hypoglycemic event – “A night-time 
(nocturnal) hypo happens without warning during the night because 
of low blood sugar. You might wake up, feel shaky, hungry, irritable, 
extremely sweaty, confused, sick and feel your heart pounding (have 
palpitations). This can be treated by eating or drinking something that 
contains sugar. You may have difficulty in getting back to sleep. You might 
have nightmares and when you wake up in the morning you might have a 
headache or be unusually tired for the whole of the following day.”
Major hypoglycemic event – “A major hypo happens suddenly 
because of very low blood sugar. You will not be able to treat it 
yourself; you will need help from another person, possibly medical 
assistance. A major hypo may occur after a brief period of feeling shaky, 
dizzy, sweaty, irritable or confused. You may experience seizures, 
convulsions, further confusion, fainting or fall into a coma. In very rare 
cases it can be life-threatening.”

Notes: The abbreviation “hypo” was used in the questions to simplify reading 
instead of hypoglycemic event. These descriptions of how it feels (acute symptoms) 
to have a hypo were developed by an expert panel and two patient focus groups, 
and validated by a survey of 247 patients in a diabetes panel. The terms “minor” and 
“major” were the terms used in the actual patient survey. Complete descriptions 
of the health states, including impact on patients’ lives, can be found in the 
Supplementary material (Table S2).

Table 2 Demographic and diabetes characteristics of 247 patients from a diabetes panel, according to severity of hypoglycemic 
experience

Severity of hypoglycemic experiencea

1 2 3 4 5 Total Test for trendb

N (%) in group 44 (18) 70 (28) 40 (16) 62 (25) 31 (13) 247 (100) n/a
Mean age (years) 51 48 41 35 35 42 ,0.0001c

Female (%) 50 54 45 42 52 49 0.4690
Mean duration of diabetes (years) 5.3 6.0 6.4 7.0 7.6 6.4 0.0223c

EQ-5D index32–34 0.64 0.59 0.63 0.59 0.53 0.59 0.2104
Diabetes therapy
 Tablets (%) 73 69 63 77 81 72 0.2575
 Insulin (%) 16 33 50 66 68 45 ,0.0001
 Other injectable (%) 2 1 15 32 39 16 ,0.0001

Notes: a(1) Only experienced non-severe daytime hypoglycemic events; (2) also experienced non-severe nocturnal hypoglycemic events; (3) have experienced severe 
daytime hypoglycemic events; (4) have experienced severe nocturnal hypoglycemic events; (5) have experienced .12 severe hypoglycemic events during the previous year. 
bTest for trend shows the P-value from a two-sided Cochran–Armitage trend test in the case of categorical variables and an ANOVA test for linear trend in the case of 
continuous variables (age, duration of diabetes, and EQ-5D). cIndicates that the result is driven by people with type 2 diabetes. A test run on the sub-sample of people with 
type 1 diabetes yields P-values of 0.8434 and 0.3472 respectively. The P-value for the test run on the sub-sample of people with type 2 diabetes is ,0.0001 and =0.0184 
respectively.
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in the daytime. Furthermore, over a third (n = 89/247, 36%) 

of the respondents had experienced a severe nocturnal event 

(n = 48/85, 56% among type 1 diabetes, n = 42/162, 26% 

among type 2 diabetes).

As would be expected in a sample of patients with docu-

mented experience of diabetes treatment-related hypoglyce-

mia, the frequency of occurrence for the different types of 

hypoglycemic events was significantly correlated (r = 0.44 

[P , 0.0001] for non-severe daytime and nocturnal events; 

r = 0.66 [P , 0.0001] for severe daytime and nocturnal 

events; r = 0.18 [P = 0.004] for non-severe and severe day-

time events; and r = 0.47 [P , 0.0001] for non-severe and 

severe nocturnal events).

Validation of descriptions of acute 
symptoms
Between 95% and 98% of all respondents agreed, using a “Yes/

No” dichotomous response, that the descriptions of acute symp-

toms from the expert panel and patient focus groups (Table 2) 

accurately described their experience with a particular type of 

hypoglycemic event (n = 232/243, 95%, for non-severe daytime 

hypoglycemia; n = 179/185, 97%, for nocturnal hypoglycemia; 

and n = 130/133, 98%, for severe hypoglycemia). Complete 

validated descriptions of health states are presented in the 

Appendix (available as supplementary material, Table S2).

Differential impact of hypoglycemia  
on patients
In order to keep the descriptions of health states manage-

able, five respondent groups were constructed based upon 

having incrementally more serious hypoglycemic experi-

ence (Group 1: Only experienced daytime non-severe 

 hypoglycemia; Group 2: Also experienced non-severe 

 nocturnal hypoglycemia; Group 3: Experienced severe 

daytime hypoglycemia; Group 4: Experienced severe 

nocturnal hypoglycemia; Group 5: Cumulative experience 

of .12 severe hypoglycemic events during the previous 

year). The demographic and diabetes characteristics of 

these groups are shown in Table 3. Using the five group-

ings described above, the frequency of patient actions and 

worries associated with descriptions of incrementally worse 

health states due to hypoglycemia was evaluated. Categories 

of actions and worries included taking action to prevent 

the risk, considering the risk, worrying about the risk, and 

limiting activities due to the risk (Figure 2A). In general, 

the most frequent action was to prevent a hypoglycemic 

event.

These actions and worries showed a consistent pattern in 

that they tended to occur more frequently (eg, “often” versus 

“rarely” or “never”) for patients having more clinically seri-

ous hypoglycemic experience. For example, it appears that 

patients having experienced severe hypoglycemic events 

were affected more often in their daily lives than the groups 

having experienced only non-severe hypoglycemic events. 

With respect to specific parts of daily life, activities such 

as traveling and driving tended to be more affected than 

study/work for people with mostly non-severe hypoglyce-

mic experience, but for people with severe hypoglycemia, 

all of the listed activities were impacted to a similar degree 

(Figure 2B).

Table 3 Frequency of non-severe and severe daytime and nocturnal hypoglycemic events among 247 respondents from a diabetes 
panel, according to type of diabetes

Daytime events Nocturnal events

T1D T2D T1D T2D

N = 85 (%) N = 162 (%) N = 85 (%) N = 162 (%)

Non-severe events
Have not experienced 1 (1) 3 (2) 14 (16) 49 (30)
Less frequent than once every 3 months 5 (6) 13 (8) 12 (14) 24 (15)
Once every 3 months 5 (6) 29 (18) 12 (14) 19 (12)
Once a month 26 (31) 44 (27) 16 (19) 23 (14)
Once a week 30 (35) 49 (30) 16 (19) 28 (17)
Three times a week 18 (21) 24 (15) 15 (18) 19 (12)
Severe events
Have not experienced in the past year 32 (38) 100 (62) 38 (45) 122 (75)
Average per year in the past year (for patients  
having experienced in the past year)

52 6.0 57 8.4 47 6.7 38 9.1

Average per year in the past year (for all patients) 84 3.7 157 3.0 85 3.7 160 2.2

Note: Respondents to this survey were screened for having a minimal level of hypoglycemic experience, therefore frequencies should not be taken as reflecting the 
experience of the entire population of patients with diabetes.
Abbreviations: T1D, type 1 diabetes; T2D, type 2 diabetes.
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Results for the 35 questions pertaining to impact of 

hypoglycemia on lifestyle are shown in Figure 3. To sim-

plify reporting, the five groups of hypoglycemia experience 

were aggregated into two groups: “Non-severe: Have not 

experienced severe hypoglycemic events” (n = 114/247, 

46%), and “Severe: Have experienced severe hypoglycemic 

events” (n = 133/247, 54%). The aggregate data indicate 

that respondents having experienced severe events were 

in general more affected in all aspects of their daily lives, 

compared with respondents having experienced only non-

severe events. This difference between the two groups was 

statistically significant (P , 0.05) for all actions and worries 

except for “closely follow a special diet in order to avoid a 

hypoglycemic event,” which is done equally frequently for 

both groups.

Discussion
This study provides, for the first time, validated patient-

level descriptions of health states arising from different 

frequencies of occurrence of non-severe, severe, and 

nocturnal  hypoglycemia. Using such descriptions, the 

perceived health impact of experiencing a severe hypogly-

cemic event is clearly demonstrated, highlighting the value 

of preventing severe events. These data also reaffirm that 

severe  hypoglycemia has a greater detrimental impact on 

perceived health status compared with non-severe events. 

Increasing frequency of events and events occurring during 

the nocturnal period were also identified as having a greater 

negative impact on health-related behavior. These results 

reinforce the detrimental effect of non-severe hypoglycemia 

on perceived health, which is an important consideration 

in routine clinical practice, since the frequency of non-

severe hypoglycemia is many-fold greater than severe 

hypoglycemia.9

Based upon responses from 247 patients with type 1 

and type 2 diabetes, this study has resulted in descriptions 

of health states associated with hypoglycemia from the 

patient’s perspective, including acute symptoms and the effect 

on their daily lives, for 12 combinations of severity (non-

severe, severe, nocturnal, daytime) and frequency of events. 

The broad range of hypoglycemic experience among the 

respondents indicated ample familiarity with the symptoms of 

various forms of hypoglycemia, which speaks to the content 

validity of the descriptions. The low drop-out rate among the 

patients recruited for the internet survey is one indication that 

patients found the questionnaire understandable and relevant 

to their experience of hypoglycemia. These descriptions 

should prove helpful when a nuanced understanding of the 

experience of hypoglycemia and its effect on quality of life is 

needed. This could occur, for example, in time trade-off stud-

ies, in which it is important that participants fully understand 

the consequences of a health problem when communicating 

preferences for treatment.

The relationship demonstrated between increasing sever-

ity of hypoglycemia and decreased perceived health status 

was consistent with what has been reported in other health 

utility studies.26,35 Having had a severe hypoglycemic event 

was associated with greater worry and performing compensa-

tory behaviors more frequently, thereby decreasing perceived 

health status. Activities such as traveling, which inherently 

contain more uncertainty, were affected more than study/work 

for all frequencies of severity. There were not enough patients 

with type 1 diabetes to present those results separately for 

different subgroups.

Limitations
It should be noted that due to the intentional selection bias 

to obtain a sample of patients with sufficient experience with 
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Figure 2 Frequency of actions and worries in response to hypoglycemia (A) and 
effect on daily life for 247 patients from a diabetes panel, (B) according to severity 
of hypoglycemic events.
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hypoglycemic events, the number of hypoglycemic events 

reported for these respondents does not reflect the prevalence 

in the general population of people with diabetes. It does, 

however, ensure a truly validated description of the conse-

quences of hypoglycemia.

One limitation of this study is a potential selection 

bias in relation to the patients in the survey panel. To 

be included in the survey panel, people needed to be 

comfortable with computers and online surveys, which 

may have excluded less literate individuals, for example. 

Therefore, we do not know what proportion of patients 

this sample represents, compared with the general 

population. This criterion, in addition to the required 

experience with hypoglycemia, may have resulted in a 

sample that was not truly representative of all patients 

with diabetes. There were also about twice as many partici-

pants with type 2 diabetes. It was unknown which oral 

antihyperglycemic agents or insulin regimens respondents 

were using, or what their level of glycemic control may 

have been. It would be interesting to know whether these 

differences could bias patients’ reporting of their experi-

ences of  hypoglycemia. We did not obtain information on 

other aspects of hypoglycemia, such as emotional trauma 

or physical injury arising from an event, which can affect 

subsequent behavior and emotional status.

Conclusion
This study highlights the importance, from the quality-of-life 

perspective, of adopting treatment and educational strategies 

aimed at reducing the risk of hypoglycemia for people with 

diabetes, especially nocturnal or severe events. Furthermore, 

the novel use of validated descriptions of health states aris-

ing from different frequencies of occurrence of non-severe, 

severe, and nocturnal hypoglycemia from the patient’s 

perspective as used in this study may be useful in further 

qualitative and quantitative research.
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Figure 3 Effect of hypoglycemia on 35 aspects of daily life for 247 patients from a diabetes panel, according to severity of hypoglycemia. The figure shows the mean score 
on the aspects of daily life where “Never” = 1 and “Always” = 5, for two exclusive groups as well as the combined sample. The blue bar represents the mean for the group 
of patients having experienced only non-severe hypoglycemic events or “hypos”. The blue and yellow bars combined represent the mean of the entire sample, and the 
cumulative total of the bars (blue, yellow, and red) represents the mean of the sample of patients having experienced severe hypoglycemia. Differences between non-severe 
and severe groups were statistically significant (P , 0.05) for all questions except “Closely follow a special diet in order to avoid a hypo?”
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Table S1 Scheme for describing actions and worries associated with hypoglycemic events

Occurrence of hypoglycemiaa Patient actions and worries collected

Daytime infrequent 
actions and worries

Daytime frequent 
actions and worries

Night-time infrequent 
actions and worries

Night-time frequent 
actions and worries

 1. Daytime 1× quarterly X

 2. Daytime 1× monthly X

 3. Daytime 1× weekly X

 4. Daytime 3× weekly X

 5. Night-time 1× quarterly X

 6. Night-time 1× monthly X

 7. Night-time 1× weekly X

 8. Night-time 3× weekly X
 9. Daytime severe yearly X
10. Daytime severe quarterly X
11. Night-time severe yearly X
12. Night-time severe quarterly X

Notes: aDescription of actions and worries depends on the time of day. There are two descriptions for each time of day: one with infrequent and one with frequent actions 
and worries.

Supplementary tables
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Table S2 Detailed descriptions of health states, including acute symptoms and effect on patients’ lives, associated with various 
combinations of frequency and severity of hypoglycemia

1. Description of baseline diabetes health state
You have diabetes
• This means that your body cannot keep your blood sugar at a constant level.
• To control this, you often follow a special diet, are careful about eating regularly and take steps to have something sugary nearby.
• You take medication on a daily basis and sometimes need to plan your life around food and medicine.
• You need to check your blood sugar from time to time.
• You need to consider your diabetes when you are planning to exercise, travel, go out with friends, and drive.
• Your diabetes does not affect your work/study, and you don’t have any problems looking after yourself.
• You occasionally worry about the effects of your diabetes on your day-to-day life.
• [Patients with diabetes are shown the following] Your diabetes is well-controlled and you do not experience hypos (hypoglycemic events)
2. Description of non-severe daytime hypo health states, occurring 1× quarterly or 1× monthly
A minor daytime hypo happens suddenly because of low blood sugar. You might feel shaky, dizzy, sweaty or irritable. You might also feel confused or 
sick, get a headache, or feel your heart pounding (have palpitations). These symptoms usually do not last long and will go away when you eat or drink 
something that contains sugar. After a minor daytime hypo, you might feel tired and not even remember what happened.
Due to the fact that you are experiencing minor daytime hypos [once quarterly or once monthly]:
• You often plan your life around food and medication.
•  You occasionally divert from your normal routine (medication and/or food intake) in order to avoid a hypo. This may cause negative effects on 

your health in the long run.
•  You occasionally consider the risk of having a hypo when working, driving, exercising, traveling and going out with friends. Occasionally, you even 

limit these activities for fear of having a hypo.
• You rarely ask others to check in on you during the day and worry about having to ask others to do so.
• You occasionally worry about the effects of your diabetes on your day-to-day life.
3. Description of non-severe daytime hypo health states, occurring 1× weekly or 3× weekly
A minor daytime hypo happens suddenly because of low blood sugar. You might feel shaky, dizzy, sweaty or irritable. You might also feel confused or 
sick, get a headache, or feel your heart pounding (have palpitations). These symptoms usually do not last long and will go away when you eat or drink 
something that contains sugar. After a minor daytime hypo, you might feel tired and not even remember what happened.
Due to the fact that you are experiencing minor daytime hypos [once weekly or three times weekly]:
• You almost always plan your life around food and medication.
•  You fairly often divert from your normal routine (medication and/or food intake) in order to avoid a hypo. This may cause negative effects on your 

health in the long run.
•  You often consider the risk of having a hypo when driving, working, exercising, traveling and going out with friends. Sometimes, you even limit 

these activities for fear of having a hypo.
• You sometimes ask others to check in on you during the day and worry about having to ask others to do so.
• You often worry about the effects of your diabetes on your day-to-day life.
4. Description of non-severe nocturnal hypo health states, occurring 1× quarterly or 1× monthly
A night-time (nocturnal) hypo happens without warning during the night because of low blood sugar. You might wake up, feel shaky, hungry, irritable, 
extremely sweaty, confused, sick and feel your heart pounding (have palpitations). This can be treated by eating or drinking something that contains 
sugar. You may have difficulty in getting back to sleep. You might have nightmares and when you wake up in the morning you might have a headache 
or be unusually tired for the whole of the following day.
Due to the fact that you are experiencing night-time hypos [once quarterly or once monthly]:
• You often plan your life around food and medication.
•  You occasionally divert from your normal routine (medication and/or food intake) in order to avoid a hypo. This may cause negative effects on 

your health in the long run.
•  You occasionally consider the risk of having a hypo when working, driving, exercising, traveling and going out with friends. Occasionally, you even 

limit these activities for fear of having a hypo.
• You occasionally ask others to check in on you during the night and worry about having to ask others to do so.
• You sometimes worry about the effects of your diabetes on your day-to-day life.
5. Description of non-severe nocturnal hypo health states, occurring 1× weekly or 3× weekly
A night-time (nocturnal) hypo happens without warning during the night because of low blood sugar. You might wake up, feel shaky, hungry, irritable, 
extremely sweaty, confused, sick and feel your heart pounding (have palpitations). This can be treated by eating or drinking something that contains 
sugar. You may have difficulty in getting back to sleep. You might have nightmares and when you wake up in the morning you might have a headache 
or be unusually tired for the whole of the following day.
Due to the fact that you are experiencing night-time hypos [once weekly or three times weekly]:
• You almost always plan your life around food and medication.
•  You fairly often divert from your normal routine (medication and/or food intake) in order to avoid a hypo. This may cause negative effects on your 

health in the long run.

(Continued )
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Table S2 (Continued)

•  You often consider the risk of having a hypo when driving, working, exercising, traveling and going out with friends. Sometimes, you even limit 
these activities for fear of having a hypo.

• You fairly often ask others to check in on you during the night and worry about having to ask others to do so.
• You almost always worry about the effects of your diabetes on your day-to-day life.
6. Description of severe daytime hypo health states, occurring 1× annually or 1× quarterly
A major hypo happens suddenly because of very low blood sugar. You will not be able to treat it yourself; you will need help from another person, 
possibly medical assistance. A major hypo may occur after a brief period of feeling shaky, dizzy, sweaty, irritable or confused. You may experience 
seizures, convulsions, further confusion, fainting or fall into a coma. In very rare cases it can be life-threatening.
Due to the fact that you are experiencing a major daytime hypo [once annually or once quarterly]:
• You almost always plan your life around food and medication.
•  You fairly often divert from your normal routine (medication and/or food intake) in order to avoid a hypo. This may cause negative effects on your 

health in the long run.
•  You often consider the risk of having a hypo when driving, working, exercising, traveling and going out with friends. Sometimes, you even limit 

these activities for fear of having a hypo.
• You sometimes ask others to check in on you during the day and worry about having to ask others to do so.
• You often worry about the effects of your diabetes on your day-to-day life.
7. Description of severe nocturnal hypo health states, occurring 1× annually or 1× quarterly
A major hypo happens suddenly because of very low blood sugar. You will not be able to treat it yourself; you will need help from another person, 
possibly medical assistance. A major hypo may occur after a brief period of feeling shaky, dizzy, sweaty, irritable or confused. You may experience 
seizures, convulsions, further confusion, fainting or fall into a coma. In very rare cases it can be life-threatening.
Due to the fact that you are experiencing a major night-time hypo [once annually or once quarterly]:
• You almost always plan your life around food and medication.
•  You fairly often divert from your normal routine (medication and/or food intake) in order to avoid a hypo. This may cause negative effects on your 

health in the long run.
•  You often consider the risk of having a hypo when driving, working, exercising, traveling and going out with friends. Sometimes, you even limit 

these activities for fear of having a hypo.
• You fairly often ask others to check in on you during the night and worry about having to ask others to do so.
• You almost always worry about the effects of your diabetes on your day-to-day life.
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