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Purpose: Hemoglobin A1c (HbA1c) is the accepted measure of effectiveness for type 1 
diabetes therapies. We investigated preferences for measures of diabetes control in addition 
to HbA1c among adults with type 1 diabetes and caregivers of children with type 1 diabetes.
Methods: Using discrete-choice experiment methodology, surveys for adults with type 1 
diabetes and caregivers presented choices between hypothetical treatments described by six 
attributes with varying levels: HbA1c, time in optimal glucose range, weekly number and 
severity of hypoglycemic and hyperglycemic events, additional disease management time, 
and additional treatment cost. Choice data were analyzed using random-parameters logit.
Results: A total of 300 adults with type 1 diabetes and 400 caregivers completed the survey. 
Adults and caregivers placed the most importance on reducing hypoglycemic and hypergly-
cemic events. For adults, avoiding 1–5 mild-to-moderate hypoglycemic events (glucose 54– 
69 mg/dL)/week was five times more important than being a half-point above target HbA1c. 
Avoiding 1–5 hyperglycemic events (glucose >180 mg/dL)/week was seven times more 
important than being a half-point above target HbA1c. Additional time in optimal glucose 
range was as important as a reduction greater than a half-point in HbA1c. Avoiding 
hyperglycemic and hypoglycemic events was more important than all other outcomes for 
caregivers of younger children. Caregivers of children >12 years placed relatively more 
weight on avoiding hypoglycemic events <54 mg/dL than those with younger children and 
preferred avoiding additional costs.
Conclusion: Adults with type 1 diabetes and caregivers prioritize controlling hypoglycemic 
and hyperglycemic events, including mild-to-moderate events. These preferences should be 
considered in drug development and regulatory decisions.
Keywords: type 1 diabetes, discrete choice, adults, caregivers, stated preferences

Introduction
While frequent and consistent monitoring of blood glucose and dosing of insulin 
are required for disease management to prevent hypoglycemia, hyperglycemia, and 
the severe complications associated with them, they are time-consuming and 
burdensome for people living with type 1 diabetes and their caregivers.1 Despite 
diligent monitoring, many people with type 1 diabetes do not achieve recommended 
hemoglobin A1c (HbA1c) levels and experience frequent hyperglycemic and hypo-
glycemic events.2 In the United States (US), it is estimated that only 17% of 
children and adolescents and 21% of adults with type 1 diabetes meet HbA1c 
targets.3
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HbA1c is a well-accepted measure of the efficacy of 
diabetes therapies and technologies and a surrogate for the 
risk of complications in diabetes. Nevertheless, HbA1c has 
limitations. Specifically, HbA1c does not capture short- 
term blood glucose variations or hypoglycemic or hyper-
glycemic events, which have a negative impact on disease 
management and functioning and increase health care uti-
lization for individuals with type 1 diabetes.4–6

With recent advances in technologies for type 1 dia-
betes, it is possible to assess the benefits of its treatment 
with outcomes that are relevant to people with type 1 
diabetes, such as hypoglycemia, hyperglycemia, and time 
in optimal blood glucose range. The leading diabetes clin-
ician organizations, type 1 diabetes researchers, and fund-
ing organizations recently identified and standardized the 
definitions of clinically meaningful outcomes beyond 
HbA1c.1 Similarly, consensus statements issued by other 
diabetes research organizations have emphasized the 
importance of a broader range of measures than HbA1c 
alone when considering clinical outcomes that are relevant 
to people with type 1 diabetes.7–9

In recent years, there has been a growing recognition of 
the importance of incorporating patient preferences in 
health care decision-making. Many public and private 
sector organizations have developed formal processes for 
consulting with the patient community. Concurrently, the 
methodologies of measuring patient preferences quantita-
tively have become more widely accepted, and authorities 
such as the US Food and Drug Administration have 
encouraged the incorporation of such patient preference 
data in regulatory submissions and decisions. The objec-
tive of this study was to use discrete-choice experiment 
(DCE) methodology to quantify preferences among adults 
with type 1 diabetes and caregivers of children with type 1 
diabetes for a set of treatment outcomes for type 1 diabetes 
beyond HbA1c.

Materials and Methods
The DCE, designed and conducted according to good 
research practices,10 was used to evaluate preferences for 
treatment outcomes of type 1 diabetes among adults with 
type 1 diabetes and caregivers of children with type 1 
diabetes. DCEs provide quantitative measures of the rela-
tive importance of the features of multiattribute products 
(in this case, type 1 diabetes treatments). The study was 
reviewed and, because it was survey research and the 
survey procedures did not put respondents at risk of 
being identifiable, granted an exemption from full review 

by the RTI International Institutional Review Board and 
complied with the Declaration of Helsinki. The DCE was 
administered online to adults with type 1 diabetes and 
caregivers of children with type 1 diabetes in two separate 
survey instruments. Data collection occurred in two 
waves. For the adult survey, data collection occurred 
from 13 February 2018 to 23 March 2018 and from 27 
August to 31 August 2018. For the caregiver survey, data 
collection occurred from 13 February 2018 to 4 April 2018 
and from 27 August to 20 September 2018.

Survey Development
In the DCEs respondents were asked to choose between 
pairs of hypothetical treatments for type 1 diabetes (an 
example is in Figure 1). Each hypothetical treatment was 
defined by a set of six attributes with varying levels that 
represented different treatment outcomes that were of 
interest (Table 1). The attributes were a subset of the 
outcomes identified and defined by Agiostratidou et al.1 

Treatment outcome measures were selected to focus on the 
day-to-day management of type 1 diabetes, whereas man-
agement time and personal cost were included to provide 
equivalence measures for the relative value of treatment 
outcomes. The attributes were presented in respondent- 
friendly language. The pattern of respondents’ choices 
among the hypothetical treatment profiles revealed their 
preferences among the treatment attributes.

The combinations of attribute levels for the two 
hypothetical treatments presented in each DCE question 
were created by an experimental design, which was cre-
ated in Sawtooth using a D-efficient algorithm to construct 
a fractional factorial experimental design.11–15 The design 
was evaluated for level balance and correlation. The 
design contained 36 DCE questions, split into four blocks 
of nine questions each, and respondents were randomly 
assigned to one of the four blocks. For each DCE question 
in the series, respondents were asked to assume the treat-
ment levels described the outcome they or their child 
would experience over the next 3 months. Before the 
surveys were administered to the study samples, draft 
versions were cognitively pretested with adults with type 
1 diabetes and with caregivers to ensure that respondents 
were willing to accept that outcomes would vary indepen-
dently and were able to make tradeoffs between attribute 
levels in the treatment profile choice questions. In addi-
tion, the draft survey instruments were reviewed by clin-
ical experts for clarity and effectiveness.
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A. Patient Survey

Which treatment option would you choose?

Treatment Feature Treatment A Treatment B

A1C test result at next appointment More than a ½ point above your 
target A1C ½ point above your target A1C

Time in optimal range More than half of the day Almost all of the day

Low blood sugar events in an average 
week

2 to 4 mild-to-moderate events 
each week

5 to 7 mild-to-moderate events 
each week

High blood sugar events in an average 
week 2 to 4 high events each week 5 to 7 high events each week

Additional monthly personal treatment 
cost $80 extra $30 extra

Additional time spent managing type 1
diabetes

30 extra minutes spread out over 
each day

60 extra minutes spread out over 
each day

Which would you choose?

B. Caregiver Survey

Which treatment option would you choose for your child?

Treatment Feature Treatment A Treatment B

A1C test result at next appointment More than a ½ point above their 
target A1C ½ point above their target A1C

Time in optimal range More than half of the day Almost all of the day

Low blood sugar events in an average 
week

2 to 4 mild-to-moderate events 
each week

5 to 7 mild-to-moderate events 
each week

High blood sugar events in an average 
week 2 to 4 high events each week 5 to 7 high events each week

Additional monthly personal treatment 
cost $80 extra $30 extra

Additional time spent managing type 1
diabetes

30 extra minutes spread out over 
each day

60 extra minutes spread out over 
each day

Which would you choose for your 
child?

Figure 1 Example Choice Questions. (A) Patient Survey, Which treatment option would you choose? (B) Caregiver Survey, Which treatment option would you choose for 
your child? 
Note: The choice tasks shown in these questions represent examples of DCE choices in questions from the survey. An experimental design determined the combination of 
attributes and levels for each hypothetical treatment and the pairs of hypothetical treatments shown in each question. The experimental design included a total of 36 DCE 
questions, which were used to create four blocks of nine DCE questions each. Table 1 presents the full range of levels for each attribute. 
Abbreviations: A1C, hemoglobin A1c; DCE, discrete-choice experiment.
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Study Populations
Survey Sampling International (SSI), a market research com-
pany with a specialty in health care, invited potential respon-
dents from SSI’s opt-in panels and partner panels through a 
variety of channels to complete the survey. Eligible adults 
(aged ≥18 years) had a self-reported diagnosis of type 1 
diabetes, were US residents, and had either used an insulin 
pump in the past or were currently injecting themselves with 
insulin ≥3 times/day. Eligible caregivers were aged ≥18 
years; were the parent, guardian, or primary caregiver for a 
child aged <18 years with type 1 diabetes who lived with the 
respondent 7 days/week; and were US residents.

A quota-sampling approach was used to identify eligi-
ble respondents, such that data collection was discontinued 
once 300 adults with type 1 diabetes and 400 caregivers of 
children with type 1 diabetes had completed the survey. In 
addition, soft quotas were set for particular characteristics 
(eg, age <40 years, income <$50,000, race and ethnicity, 

health care provider type, and experience with an insulin 
pump and/or continuous glucose monitor [CGM]) to sup-
port analyses by subgroup.

Statistical Analyses
Responses to all survey questions were summarized using 
descriptive statistics. A random-parameters logit (RPL) 
model was used to analyze the DCE data, which relates 
the choices respondents make to the differences in the 
attribute levels across the alternatives in each choice 
question.16 The RPL model avoids the potential for esti-
mation bias from respondents’ unobserved preference het-
erogeneity by estimating a distribution of preferences for 
each preference parameter.17,18 The cost variable was mul-
tiplied by the natural log of the respondent’s estimated 
income to account for differences in the marginal value 
of an additional dollar of income across income levels. 
Log-odds parameter estimates resulting from the RPL 

Table 1 Attributes and Levels

Attribute Description (Description Presented to Adults with 
Type 1 Diabetes)

Patient Attribute Level Descriptions (Caregiver Description, 
If Different)

HbA1c 

(“A1c test result at next appointment”)

Achieve your target A1c 

(Achieve their target A1c) 

½ point above your target A1c 
(½ point above their target A1c) 

More than a ½ point above your target A1c 

(More than a ½ point above their target A1c)
Time in optimal glucose range 

(“Time in optimal range”)*

Almost all of the day 

More than half of the day 

Half of the day
Hypoglycemic events 

(“Low blood sugar events in an average week”)†

2 to 4 mild-to-moderate low events each week 

5 to 7 mild-to-moderate low events each week 

A serious low event each week and 5 to7 mild-to-moderate low 
events each week

Hyperglycemic events 

(“High blood sugar events in an average week”)‡
2 to 4 high events each week 

5 to 7 high events each week 
A very high event each week and 5 to 7 high events each week

Out-of-pocket cost 
(“Additional monthly personal treatment cost”)

$30 extra 
$50 extra 

$80 extra

Additional time spent managing type 1 diabetes 
(“Additional time spent managing type 1 diabetes”)

No additional time 
30 extra minutes spread out over each day 

60 extra minutes spread out over each day

Notes: * Almost all the day was defined as about 22 hours, more than half the day was defined as about 18 hours, and half the day was defined as 12 hours. † Mild-to- 
moderate low blood sugar event was defined as blood sugar levels between 54 and 69 mg/dL and experiencing one or more early symptom(s) of low blood sugar, including 
shaking, heart palpitations, anxiety, sweating, and hunger. A serious low blood sugar event was defined as blood sugar levels < 54 mg/dL, but not so low that the respondent 
might pass out, and experiencing one or more later symptoms of low blood sugar, including confusion, dizziness, headaches, blurred vision, tremors, muscle weakness, 
numbness, tingling, and cognition problems. ‡ A high blood sugar event was defined as blood sugar levels between 181 and 250 mg/dL and not necessarily accompanied by 
any noticeable symptoms. A very high blood sugar event was defined as blood sugar levels > 250 mg/dL and possibly experiencing one or more symptoms of very high blood 
sugar, including extreme thirst, hunger, frequent urination, dry skin, blurred vision, drowsiness/fatigue, nausea, or trouble concentrating. 
Abbreviation: A1c, hemoglobin A1c.
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model are interpreted as relative preference weights, which 
indicate the relative strength of preferences for each attri-
bute level, such that more preferred levels within a specific 
attribute have higher preference weights. The difference 
between the preference weights for the most- and least- 
preferred levels of each attribute is a measure of the 
attribute’s importance relative to the other attributes in 
the study given the range of levels of that attribute (ie, 
conditional relative importance).

Treatment choices for respondent subgroups also were 
analyzed using the same RPL model specification. For 
each mutually exclusive pair of subgroups, we created a 
variable that was equal to one if the respondent belonged 
to one of the two groups and interacted the variable with 
each of the explanatory variables in the equation. The 
parameter on each of these interaction terms can be inter-
preted as the difference between the two subgroups for the 
preference weights for the corresponding attribute level. 
Differences in preferences were tested through a log-like-
lihood χ2 test of the joint statistical significance of all the 
interaction terms (P <0.05). For the adult survey, we tested 
for differences between respondents who currently use a 
CGM and those who do not, respondents who see an 
endocrinologist and those who do not, and those diagnosed 
more than 20 years ago compared to those diagnosed more 
recently. For caregivers, we tested for differences between 
respondents with children who currently use a CGM and 
those who do not, children who see an endocrinologist and 
those who do not, and children aged 11 years of age or less 
compared to children aged 12 to 17 years.

Monetary equivalents, also known as willingness to 
pay (WTP), were calculated using the RPL parameter 
estimates. WTP is the value the individuals in the sample 
place on an improvement in a medicine feature, expressed 
in monetary terms. WTP was calculated as the difference 
between the preference weights for two levels of an attri-
bute divided by the preference weight for cost, multiplied 
by the natural log of median income.

The DCE results also were used to calculate prefer-
ence shares, or the probability that the average respon-
dent would select treatments with specific combinations 
of attribute levels.17 Preference shares were calculated 
for three pairs of treatment profiles. In the first profile 
pair, all attributes were held constant except HbA1c and 
time in optimal range. In the second and third profile 
pairs, hypoglycemic and hyperglycemic events were 
introduced.

Results
The target sample size of 300 adults with type 1 diabetes 
and 400 caregivers of children with type 1 diabetes who 
met the eligibility criteria, provided consent, and com-
pleted the survey were recruited for the survey through 
SSI’s opt-in panels and partner panels.

Respondent Characteristics
Tables S-1 and S-2 (Supplemental Appendix A), respec-
tively, present the demographic characteristics and dia-
betes experience for adults with type 1 diabetes and 
caregivers of children with type 1 diabetes who completed 
the surveys.

The 300 adults with type 1 diabetes who completed the 
survey had a mean age of 47 years; 60% of the sample was 
female. Sixty percent were currently seeing an endocrinol-
ogist, 61.0% were currently using an insulin pump and/or 
a CGM, and 42.0% were currently using a CGM at the 
time of the survey. More than half (51.7%) had been 
diagnosed >20 years ago, whereas 33.7% had been diag-
nosed 6–20 years ago and 14.6% had been diagnosed ≤5 
years ago. A majority had a most recent HbA1c result <7.0 
(29.7%) or between 7.0 and 7.5 (27.7%); 15.3% were 
between 7.6 and 7.9, 13.0% were between 8.0 and 8.5, 
and 13.7% were >8.5. Most adults reported experiencing 
mild-to-moderate hypoglycemic events (54–69 mg/dL) at 
least once/week (48.0%) or at least once/day (14.7%) and 
reported experiencing serious hypoglycemic events (<54 
mg/dL) at least once/month (34.7%) or at least once/week 
(20.3%). Most adults reported experiencing hyperglycemic 
events (181–250 mg/dL) at least once/week (39.7%) or at 
least once/day (36.3%) and reported experiencing hyper-
glycemic events with very elevated glucose (>250 mg/dL) 
at least once/month (28.7%) or at least once/ 
week (36.0%).

The 400 caregivers who completed the survey had a mean 
age of 39 years; 59.3% of the sample were female. 
Caregivers’ children had a mean age of 10.7 years and 
received a type 1 diabetes diagnosis at a mean age of 6.7 
years. Approximately half of the caregivers had children who 
were currently seeing an endocrinologist, 73.3% had children 
who were currently using an insulin pump and/or a CGM, and 
59.3% had children who were currently using a CGM at the 
time of the survey. A minority of children had a most recent 
HbA1c result <7.0 (14.0%) or between 7.0 and 7.5 (27.3%); 
27.0% were between 7.6 and 7.9, 12.0% were between 8.0 
and 8.5, and 12.5% were >8.5. Most caregivers reported that 
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their child experienced mild-to-moderate hypoglycemic 
events (54–69 mg/dL) at least once/month (32.0%), at least 
once/week (38.3%), or at least once/day (8.5%); nearly half 
reported that their children experienced serious hypoglycemic 
events (<54 mg/dL) at least once/month (28.3%) or at least 
once/week (19.8%). A majority of caregivers reported 
that their child experienced hyperglycemic events (181–-
250 mg/dL) at least once/month (22.8%), at least once/week 
(29.3%), or at least once/day (22.5%). A majority of care-
givers reported that their child experienced hyperglycemic 
events with very elevated glucose (>250 mg/dL) at least 
once/month (23.8%) or at least once/week (27.5%).

Preference Weights and Attribute 
Relative Importance
Figure 2A and B present the normalized mean preference 
weight estimates for each attribute level among adults with 
type 1 diabetes and caregivers of children with type 1 
diabetes. The preference weights indicate the ranking of 
levels within each attribute (ie, a higher preference weight 
indicates that a level is more preferred).

Among adults with type 1 diabetes, preferences for 
attribute levels were ordered as expected, with better 
levels within each attribute being preferred to worse 
levels. Respondents preferred experiencing fewer 

A B

C D

Figure 2 Preference Weights for (A) Adults With Type 1 Diabetes (N = 300) (B) Caregivers of Children With Type 1 Diabetes (N = 400); Attribute Relative Importance, 
From Most-Preferred Level to Least-Preferred Level, for (C) Adults With Type 1 Diabetes (N = 300) (D) Caregivers of Children With Type 1 Diabetes (N = 400). 
Note: The vertical bars surrounding each mean preference weight and each relative importance weight denote the 95% confidence interval. A mild-to-moderate low blood 
sugar event was defined as blood sugar levels between 54 and 69 mg/dL and experiencing one or more early symptom(s) of low blood sugar, including shaking, heart 
palpitations, anxiety, sweating, and hunger. A serious low blood sugar event was defined as blood sugar levels <54 mg/dL, but not so low that a person might pass out, and 
experiencing one or more later symptoms of low blood sugar, including confusion, dizziness, headaches, blurred vision, tremors, muscle weakness, numbness, tingling, and 
cognition problems. A high blood sugar event was defined as blood sugar levels between 181 and 250 mg/dL and not necessarily accompanied by any noticeable symptoms. A 
very high blood sugar event was defined as blood sugar levels >250 mg/dL and possibly experiencing one or more symptoms of very high blood sugar, including extreme 
thirst, hunger, frequent urination, dry skin, blurred vison, drowsiness/fatigue, nausea, or trouble concentrating. 
Abbreviation: A1C, hemoglobin A1c.
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hypoglycemic events (glucose <69 mg/dL) and hypergly-
cemic events (glucose >180 mg/dL), having lower perso-
nal monthly treatment costs, achieving their HbA1c target 
at their next appointment compared with being more than 
a half-point above their target HbA1c, spending less time 
each day managing type 1 diabetes, and spending more 
time in optimal blood glucose range. Avoiding 1–5 mild- 
to-moderate hypoglycemic events (glucose 54–69 mg/dL) 
per week was five times more important to adults than 
being a half-point above their target HbA1c. Avoiding 1–5 
hyperglycemic events (glucose >180 mg/dL) per week was 
seven times more important than being a half-point above 
their target HbA1c.

Among caregivers of children with type 1 diabetes, 
preferences for hypoglycemic events, hyperglycemic 
events, and cost were ordered as expected. Respondents 
preferred that their child experience fewer hyperglycemic 
and hypoglycemic events and preferred having lower per-
sonal monthly treatment costs. Attribute levels for addi-
tional time spent managing type 1 diabetes were not 
statistically significantly different, so respondents did not 
have a preference between spending any additional time, 30 
extra minutes, or 60 extra minutes managing their child’s 
type 1 diabetes. Respondents preferred that their child 
spends more time in optimal blood glucose range, but 
their choices did not demonstrate a statistically significant 
difference in preferences between being in range almost all 
of the day (about 22 hours) and being in range more than 
half of the day (about 18 hours). The differences between all 
other attribute levels were statistically different from one 
another at the 5% level. For caregivers, avoiding 1–5 mild- 
to-moderate hypoglycemic events/week was three times 
more important than being more than a half-point above 
their target HbA1c. Avoiding 1–5 hyperglycemic events/ 
week was six times more important than being more than a 
half-point above their target HbA1c.

For a single attribute, the vertical distance between the 
most-preferred level to the least-preferred level indicates the 
overall importance of that attribute for each sample. Figure 
2A and B show the conditional relative importance weight 
estimates for each attribute. The most important change 
among adults with type 1 diabetes and among caregivers 
was a reduction in hypoglycemic events from a serious 
event and 5–7 mild-to-moderate events each week to 2–4 
mild-to-moderate events each week, followed by a reduction 
in hyperglycemic events from a very high event and 5–7 high 
events each week to 2–4 high events each week, and a change 
in additional monthly treatment cost from $80 to $30.

Subgroup analyses revealed some differences in prefer-
ences across the samples (Figures S-1–S-6, Supplemental 
Appendix B). Specifically, adults with type 1 diabetes not 
currently using a CGM placed a higher relative importance 
on avoiding hypoglycemic events than those using a CGM. 
Adults with type 1 diabetes who were diagnosed >20 years 
ago also placed a higher relative importance on avoiding 
hypoglycemic events than those diagnosed more recently. 
Respondents whose children were not currently using a 
CGM placed higher relative importance on being in range 
almost all of the day (about 22 hours) compared with more 
than half of the day (about 18 hours) or half of the day 
(about 12 hours), whereas respondents whose children were 
currently using a CGM only placed higher relative impor-
tance on being in range more than half of the day compared 
with half of the day. While both groups indicated a strong 
relative preference for avoiding serious hypoglycemic 
events <54 mg/dL, respondents whose children were cur-
rently using a CGM placed statistically significantly more 
weight on reducing the number of hypoglycemic events 
from 5 to 7 mild-to-moderate events to 2 to 4 mild-to- 
moderate events (glucose 54–69 mg/dL) each week com-
pared with those whose children do not use a CGM. 
Respondents who had a child who was currently seeing an 
endocrinologist placed higher relative importance on avoid-
ing a serious hypoglycemic event (<54 mg/dL) compared 
with those who did not see an endocrinologist. For care-
givers of younger children, avoiding hyperglycemic and 
hypoglycemic events was relatively more important than 
all other outcomes; however, caregivers of children older 
than 12 years placed relatively more weight than those with 
younger children on avoiding serious hypoglycemic events 
<54 mg/dL and indicated a relatively stronger preference 
for avoiding additional monthly personal treatment costs. 
There was no statistically significant difference in the pre-
ferences of adults who see an endocrinologist compared to 
those who do not using the test of joint significance.

Willingness to Pay Additional Out-of- 
Pocket Cost
Table 2 presents the WTP values/month for the different 
measures of improvement in type 1 diabetes control among 
adults with type 1 diabetes and caregivers of children with 
type 1 diabetes. The largest WTP values were for the most 
important changes, which were avoiding hypoglycemic and 
hyperglycemic events among both samples.
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Preference Shares
To calculate preference shares, we started with an initial 
pair of treatment profiles where all attributes were held 
constant except HbA1c test result at the next appointment 
and time in optimal range. In the first profile, time in 

optimal range was set to the most-preferred level and 
HbA1c test result at the next appointment was set to the 
least-preferred level. In the second profile, time in optimal 
range was set to the least-preferred level and HbA1c test 
result at next appointment was set to the most-preferred 

Table 2 Willingness to Pay for Improvements in Treatment Outcomes

Improvement From To WTP ($ 
per Month)

95% CI ($) 
*

Adults with type 1 diabetes (N = 300)

A1c test result at next 
appointment

½ point above your target A1c Achieve your target A1c 5 −3 to 12
More than a ½ point above your target A1c ½ point above your target 

A1c

12 4 to 21

More than a ½ point above your target A1c Achieve your target A1c 17 7 to 26
Time in optimal range More than half of the day Almost all of the day 7 −1 to 15

Half of the day More than half of the day 7 −2 to 15
Half of the day Almost all of the day 13 4 to 22

Low blood sugar events in 

an average week

5 to 7 mild-to-moderate low events each week 2 to 4 mild-to-moderate low 

events each week

22 12 to 31

A serious low event each week and 5 to 7 mild-to- 

moderate low events each week

5 to 7 mild-to-moderate low 

events each week

52 37 to 66

A serious low event each week and 5 to 7 mild-to- 
moderate low events each week

2 to 4 mild-to-moderate low 
events each week

73 55 to 92

High blood sugar events in 

an average week

5 to 7 high events each week 2 to 4 high events each week 34 23 to 44
A very high event each week and 5 to 7 high events 
each week

5 to 7 high events each week 21 12 to 30

A very high event each week and 5 to 7 high events 

each week

2 to 4 high events each week 55 40 to 70

Caregivers of children with type 1 diabetes (N = 400)

A1c test result at next 

appointment

½ point above their target A1c Achieve their target A1c <30 −15 to 15

More than a ½ point above their target A1c ½ point above their target 

A1c

<30 −7 to 27

More than a ½ point above their target A1c Achieve their target A1c <30 −7 to 26

Time in optimal range More than half of the day Almost all of the day <30 −5 to 29

Half of the day More than half of the day <30 −1 to 35
Half of the day Almost all of the day <30 7 to 50

Low blood sugar events in 

an average week

5 to 7 mild-to-moderate low events each week 2 to 4 mild-to-moderate low 

events each week

32 11 to 53

A serious low event each week and 5 to 7 mild-to- 

moderate low events each week

5 to 7 mild-to-moderate low 

events each week

71 37 to 104

A serious low event each week and 5 to 7 mild-to- 
moderate low events each week

2 to 4 mild-to-moderate low 
events each week

>80 56 to 149

High blood sugar events in 

an average week

5 to 7 high events each week 2 to 4 high events each week 52 26 to 79
A very high event each week and 5 to 7 high events 

each week

5 to 7 high events each week 42 19 to 66

A very high event each week and 5 to 7 high events 
each week

2 to 4 high events each week >80 52 to 137

Notes: * The 95% CI is the estimated lower and upper bound for the WTP estimates. When this interval includes zero (the lower bound is negative and the upper bound is 
positive), the results are not statistically significantly different from zero, indicating that the average respondent is not willing to pay for that improvement. Estimates of WTP 
beyond the range presented in the survey (eg, estimates greater than $80) should be interpreted with caution. Estimates over $80 indicate a strong preference for the 
change, but the specific number may not be reliable. 
Abbreviations: A1c, hemoglobin A1c; CI, confidence interval; WTP, willingness to pay.
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level. We then introduced the number of hypoglycemic 
and hyperglycemic events in an average week in two 
additional profile pairs. In the second pair, having fewer 
mild-to-moderate hypoglycemic events and fewer hyper-
glycemic events each week was paired with the most- 
preferred level of time in optimal range. In the third profile 
pair, fewer hypoglycemic and hyperglycemic events each 
week were paired with the most preferred level of HbA1c 
test result at the next appointment. Figure 3 presents the 
profiles used in and the results of the preference share 
predictions for adults with type 1 diabetes and caregivers.

Among adults with type 1 diabetes, in the first compar-
ison (profile pair number 1), the average respondent had 
approximately a 52% probability of choosing to achieve 
their target HbA1c and approximately a 48% likelihood of 
choosing to be in optimal blood glucose range almost all 
of the day (Figure 3). In the second comparison (profile 
pair number 2), when hypoglycemic and hyperglycemic 
events were no longer held constant, the average respon-
dent had approximately an 80% probability of choosing 
Treatment A, which would result in fewer hypoglycemic 
and hyperglycemic events, being in optimal range almost 
all of the day, and being more than a half-point above their 
target HbA1c, when all other attributes were held constant 
(Figure 3). In the third comparison (profile pair number 3), 
when the fewest hypoglycemic and hyperglycemic events 
were paired with Treatment B instead of Treatment A, the 
average respondent had approximately an 83% probability 
of choosing Treatment B, which would result in fewer 
hypoglycemic and hyperglycemic events, being in optimal 
range half of the day, and achieving their target HbA1c, 
when all else was held constant. In both cases, when 
hypoglycemic and hyperglycemic events were no longer 
held constant, the model predicted that approximately 80% 
of the respondents in the sample would choose the treat-
ment option resulting in fewer hypoglycemic and hyper-
glycemic events.

Among caregivers of children with type 1 diabetes, in 
the first comparison (profile pair number 1), when all else 
was held constant, the average respondent had approxi-
mately a 46% probability of choosing Treatment B, which 
would achieve their child’s target HbA1c, and a 54% 
probability of choosing Treatment A, which would keep 
their child in an optimal blood glucose range almost all of 
the day (Figure 3). In the second comparison (profile pair 
number 2), when hypoglycemic and hyperglycemic events 
were no longer held constant, the average respondent had 
approximately a 72% probability of choosing Treatment 

A, which would result in fewer hypoglycemic and hyper-
glycemic events, being in optimal range almost all of the 
day, and being more than a half-point above their target 
HbA1c, when all else was held constant. In the third 
comparison (profile pair number 3), when the fewest hypo-
glycemic and hyperglycemic events were paired with 
Treatment B instead of Treatment A, the average respon-
dent had approximately a 65% probability of choosing 
Treatment B, which would result in fewer hypoglycemic 
and hyperglycemic events, being in optimal range half of 
the day, and achieving their target HbA1c, when all else 
was held constant (Figure 3). In both cases, the average 
respondent had a greater probability of choosing a treat-
ment that would reduce the number of hypoglycemic and 
hyperglycemic events their child would experience each 
week.

Discussion
Recent research has sought to identify and standardize the 
definitions of clinically meaningful outcomes beyond 
HbA1c in type 1 diabetes.1,8,9 This study evaluated the 
preferences of people with type 1 diabetes and caregivers 
of children with type 1 diabetes over a set of these out-
come measures, including target HbA1c, time in optimal 
glucose range, and number and severity of hypoglycemic 
and hyperglycemic events.

For the changes in outcomes presented in this study, 
adults with type 1 diabetes and caregivers of children with 
type 1 diabetes placed the greatest importance on reducing 
the frequency and severity of weekly hypoglycemic and 
hyperglycemic events relative to achieving their HbA1c 
target and more time in optimal range. Achieving the 
changes in HbA1c presented in the survey was not as 
important to respondents in both samples as reducing 
mild-to-moderate and serious hypoglycemic events and 
mild-to-moderate and very high hyperglycemic events 
each week. Generally, adults with type 1 diabetes and 
caregivers in the sample were willing to accept being 
more than a half-point above their HbA1c target to achieve 
better hyperglycemic and hypoglycemic outcomes in an 
average week. Respondents also valued reductions in 
weekly hyperglycemic and hypoglycemic events over 
increases in time in optimal range, given the ranges pre-
sented in the survey. Further, caregivers’ preferences did 
not demonstrate statistically significant differences 
between being in range almost all of the day and being 
in range more than half of the day for their children, but 
both levels were preferred to being in range half the day. 
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Figure 3 Preference Share Predictions. 
Abbreviation: A1c, hemoglobin A1c.
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This suggests caregivers value even moderate improve-
ments in time in optimal range.

Taken together, this study’s results suggest that the 
survey respondents valued the benefit of reducing mild- 
to-moderate hyperglycemic and hypoglycemic events, as 
multiple daily insulin-dosing decisions are based in large 
part on blood glucose levels (and other factors). The 
respondents may well recognize that reductions in these 
events could lead to more time in range and, in the long 
run, to better HbA1c. However, given the choice between 
ranges presented in the survey, the respondents preferred 
reducing hyperglycemic and hypoglycemic events to 
achieving their HbA1c target.

Evidence suggests that people with type 1 diabetes— 
even those who receive quality care and have access to 
technology—struggle to achieve their HbA1c target and 
continue to experience burdensome hyperglycemic and 
hypoglycemic events. A need exists for more effective 
treatments to improve outcomes for patients with type 1 
diabetes. Given the importance of hypoglycemic and 
hyperglycemic events, we cannot conclude with certainty 
that time in optimal range is unimportant to respondents. 
Time spent in optimal blood glucose range is difficult to 
know without technology such as CGMs and is a relatively 
new concept, albeit one that people with type 1 diabetes 
report has a considerable impact on their daily lives.19 

Additionally, even if they do use technology, patients and 
caregivers may not be familiar with how to access this 
information or be comfortable with how to make broader 
dosing adjustments without input from their physicians.

Limitations
The results of the DCE survey should be interpreted in the 
context of limitations related to the survey instrument and 
sample. A limited number of outcomes can be included in 
a DCE. The outcome measures were selected from out-
comes in the consensus report,1 and other outcome mea-
sures that people with type 1 diabetes care about were not 
included to keep the survey cognitively manageable and 
limited in length. Creating a DCE survey instrument 
requires balancing a thorough description of the treatment 
against the limits of respondent comprehension and bur-
den. In the descriptions of the attributes and types of 
treatments, efforts were made to present neutral descrip-
tions that provided an accurate, concise description of the 
benefits and risks. The survey text was reviewed by clin-
ical experts and pretested with patients and caregivers of 
children with type 1 diabetes. The survey presents 

hypothetical scenarios to respondents, and a survey instru-
ment does not replicate the experience of talking with a 
doctor about treatment options. Decisions made in the 
survey may not fully predict decisions made in a clinical 
setting, where other considerations may come into play. 
Moreover, the importance of the attributes relative to the 
other attributes included in the survey is conditional on the 
range presented for each attribute.

An additional limitation is that the clinical character-
istics and experiences with type 1 diabetes collected in the 
survey were self-reported or reported by a parent or care-
giver and not clinically confirmed. The samples were 
quota samples recruited through opt-in panels of indivi-
duals who choose to participate in research. Although the 
sample recruitment included quotas for age, race, income, 
and type 1 diabetes treatment experience, the study sam-
ples may not be representative of the broader population of 
adult patients with type 1 diabetes or caregivers of chil-
dren with type 1 diabetes, potentially limiting the general-
izability of the results. In particular, diabetes control as 
reported by the adult respondents and children of caregiver 
respondents may not be reflective of glycemic outcomes 
observed for the general type 1 diabetes population.3 

Overall, there is the potential for the results to be biased 
toward individuals who are most interested in the manage-
ment of type 1 diabetes, either because their diabetes is 
well managed through careful glycemic control or because 
they are concerned about their suboptimal glycemic out-
comes. In addition, respondents’ experiences with hypo-
glycemic events may have influenced their preferences for 
avoiding hypoglycemia. Recent studies have shown that 
hypoglycemia, including severe and non-severe hypogly-
cemic episodes, is more common than previously thought,-
20,21 suggesting that understanding of hypoglycemic 
outcomes in this population is evolving.

Further, the final survey was administered online. 
Although research has shown that results from online 
stated-preference surveys are, in general, not statistically 
significantly different from those elicited through face-to- 
face interviews,22,23 the online setting of the survey may 
also have influenced the choices respondents made.

Four of the outcome features included in this study 
(HbA1c test result at next appointment, time in optimal 
range, and numbers of hypoglycemic and hyperglycemic 
events in an average week) are related. Pretests of the survey 
instruments confirmed that respondents could complete the 
DCE exercise despite the potential interconnection between 
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the outcome measures and accepted the hypothetical scenar-
ios where the outcome measures varied independently.

Conclusions
The primary measure of treatment effectiveness for type 
1 diabetes therapies and technologies is currently HbA1c. 
This preference study sought to understand the impor-
tance of HbA1c and additional outcomes to patients and 
caregivers who live with the daily burden of managing 
type 1 diabetes. Overall, patients and caregivers priori-
tized control of weekly hypoglycemic events including 
mild-to-moderate events (54–69 mg/dL), and hyperglyce-
mic events >180 mg/dL. These preference study results 
imply that outcomes used to measure the benefits of 
treatment in research, development, and reimbursement 
of therapies for type 1 diabetes should consider the 
importance that patients and caregivers place on reducing 
the frequency of hypoglycemic and hyperglycemic 
events.
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