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Background: For individuals managing diabetes, the administration of glucagon for severe hypoglycemia can be lifesaving, yet, until 
recently, there were no easy-to-use devices for these stressful emergencies. New products have emerged to meet this need, including 
nasal glucagon (NG) and auto-injector glucagon (AI). This study evaluated the psychometric properties of a new measure, the 
Glucagon Device Attitudes Questionnaire (GDAQ), in assessing attitudes toward NG and AI from the perspectives of persons with 
diabetes on insulin (PWDs), caregivers, and acquaintances.
Methods: Developed based on qualitative research, the GDAQ consists of 38 rating items for each device and 16 direct-elicitation of 
attitudes of device relative to each other. It was administered to participants via a cross-sectional online survey. Twenty-six rating items 
were included in principal component analysis and confirmatory factor analysis. Items comprising each factor were averaged to form 
scales. Additionally, 12 direct elicitation items were averaged to form an overall “Attitudes” scale. Reliability and validity analyses 
were conducted. Descriptive statistics were provided for the rating items not included in the factor analysis.
Results: A total of 405 PWDs, 313 caregivers, and 305 acquaintances participated. Three factors were identified: “Prepared and 
Protected” (7 items), “Hesitation” (12 items), and “Device Perceptions by Others” (7 items); factor loadings ranged from 0.13 to 0.92, 
0.50 to 0.89, and 0.16 to 0.92, respectively. Cronbach’s alpha for the four scales ranged from 0.76 to 0.96. Correlations of the scales 
with their global item ranged from 0.30 to 0.90. The items outside of the factor analysis showed good distribution in responses and 
differentiation between the two devices.
Discussion: This study supports the validity and reliability of the GDAQ, which successfully conceptualizes attitudes towards devices 
for administering glucagon among different respondent groups. Use of the GDAQ can help guide the development and testing of new 
glucagon drug/device combinations.
Keywords: diabetes, severe hypoglycemic events, glucagon delivery device, patient attitudes

Introduction
Devices that deliver rescue medications play an important life-saving role in a wide range of conditions, including 
asthma, hemophilia, chronic obstructive pulmonary disease, and allergy. For those individuals managing diabetes, this 
includes the administration of glucagon in the context of severe hypoglycemic events. Severe hypoglycemia, defined as 
a severe event characterized by altered mental and/or physical status requiring external assistance for recovery,1–3 is 
a serious and potentially life-threatening event and has been reported as affecting 30–40% of adults with Type 1 diabetes 
and 7–25% of adults with Type 2 diabetes yearly.4–6 Severe hypoglycemia is responsible for 4–10% of all deaths among 
those with Type 1 disease,2 and is associated with significant treatment costs, loss of productivity and burden.5,7–10
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Individuals experiencing a severe hypoglycemia episode may be unconscious, seizing, or in an altered mental state 
and hence require the assistance of another person to actively administer carbohydrates, glucagon, or take other 
corrective actions.10 The unstable nature of glucagon resulted in conventional emergency glucagon kits being complex 
to use, and in the stress of a severe hypoglycemia emergency, can constitute a significant obstacle for those trying to help 
a person with diabetes.11–17

New products to deliver glucagon were approved by the US Food and Drug Administration (FDA) over the last two 
years to address a need for more practical and easy-to-use methods of glucagon delivery during severe hypoglycemia 
episodes. These products include: nasal glucagon (NG; Lilly), which is a dry powder ready-to-use synthetic glucagon,18 

an autoinjector glucagon (AI; Xeris) that delivers a strict room-temperature (storing between 20° and 25°C [68° to 77°F]) 
stable liquid glucagon19 and a premixed dasiglucagon injection (Zegalogue; Zealand) that provides a peptide analog of 
human glucagon. Such delivery methods would likely improve the confidence, efficacy, accuracy, and likelihood of such 
treatments being administered in these stressful emergency situations. Specific device attributes, such as being easy to use 
and carry around, having minimal steps for delivery, and being compact and discreet, have been shown to translate into 
greater treatment satisfaction and across multiple disease contexts.20,21 Indeed, optimizing existing therapy delivery, or 
switching to a suitable alternative, can help avoid unnecessary escalation of treatment and health-care resources.22

Although measures have been developed to assess attitudes for medication delivery devices in diabetes,23–25 none 
focus on devices for delivering a rescue medication like glucagon. Moreover, none evaluate such devices from the 
perspective of caregivers and acquaintances, as well as persons with diabetes. Given the recent regulatory approval of 
three novel glucagon delivery devices designed to be easy-to-use, along with previous study findings that persons with 
diabetes, caregivers, and acquaintances value alternatives, it is important to be able to quantify attitudes towards NG 
versus AI delivery among persons with diabetes, caregivers, and acquaintances.

Previous work by the authorship group utilized qualitative interviews among 45 persons with diabetes on insulin, 
caregivers, and acquaintances to gain insight into the hypothetical features of a new glucagon device that are important to 
these groups.26 Features that participants indicated they would like to see in a new device included easy to use, 
uncomplicated, pre-mixed/ready-to-use, small/easy to carry, easy instructions, and not having a needle or long needles. 
If they had such a device, participants reported that they would feel more prepared and protected, in terms of being ready 
and having something on hand that is quick and easy to use, feeling more secure, as well as not being nervous or stressed. 
Individuals would also be more confident that others could assist in case of an emergency. Regarding their attitudes 
towards the device(s), participants indicated there could potentially be less hesitation in using a NG device over AI 
because others would feel more confident with a device without a needle, as well as not needing to locate and determine 
an injection site.

These qualitative results were used to guide the development of a new measure, the Glucagon Device Attitudes 
Questionnaire (GDAQ). The current study sought to evaluate the measurement properties of this new measure in 
assessing attitudes toward NG and AI from the perspective of persons with diabetes on insulin, caregivers, and 
acquaintances.

Materials and Methods
In a cross-sectional online survey, the GDAQ was administered to persons with diabetes on insulin, caregivers, and 
acquaintances. All participants were 18 years of age or older. Persons with diabetes had self-reported type 1 or type 2 
diabetes and were currently on insulin (type 1 – basal-bolus, mix/premix, or continuous insulin and must have started 
within 1 year of being diagnosed; type 2 – basal, bolus, basal-bolus, mix/premix, or continuous insulin). Caregivers were 
individuals who live with or help a person who has type 1 or type 2 diabetes who was currently on insulin (if type 1, must 
have started within 1 year of diagnoses) and provide care on a regular basis for diabetes. Acquaintances were individuals 
who knew a person with diabetes (type 1, type 2, or unaware of the type), but do not provide care on a regular basis for 
their diabetes. Participants who selected having 10 or more conditions and professionally licensed health-care providers 
also were excluded.

Persons with diabetes, caregivers, and acquaintances were recruited in the US through ailment and general population 
panels maintained by Cerner Enviza Profiles and partners. Panel members received an e-mail with a general introduction 
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to the availability of a new study and those interested completed an online screener, which was custom developed for the 
purposes of this study. The screener included a question asking potential participants to select which condition(s) they 
have from a list; those who did not select diabetes were asked if they are a caregiver of/or know someone who has any of 
the conditions from the list. If an interested individual qualified for the study, the screener provided a brief text-based 
introduction that explained the purpose and scope of the study. All participants completed an Informed Consent Form.

Exemption status from review by an ethics committee was received from the Sterling IRB on March 1, 2019. This 
research met the terms of the US Department of Health and Human Service’s Policy for Protection of Human Research 
Subjects at 45 C.F.R. §46.101 (b) category 2 which refers to research involving the use of educational tests (cognitive, 
diagnostic, aptitude, achievement), survey procedures, interview procedures or observation of public behavior, unless 
information obtained is recorded in such a manner that human subjects can be identified, directly or through identifiers 
linked to the subjects; and any disclosure of the human subjects’ responses outside the research could reasonably place 
the subjects at risk of criminal or civil liability, or be damaging to the subjects’ financial standing, employability, or 
reputation.

Glucagon Device Attitudes Questionnaire (GDAQ)
The GDAQ was developed based on findings from concept elicitation interviews with 45 persons with diabetes, caregivers, and 
acquaintances. The detailed results from this qualitative research are reported elsewhere.26 The measure includes rating items for 
each device, as well as direct elicitation items. Prior to rating items, respondents were provided a description of severe 
hypoglycemia, which stated that individuals with severe hypoglycemia may be in an altered mental state, having seizures or 
unconscious, cannot take care of themselves during a severe hypoglycemia event and require the help of another person. It also 
stated that glucagon must be administered by another person. Respondents were also provided descriptions of NG and AI devices, 
in a randomized order. The NG description provided the instructions of use including the following 1. Prepare (eg, “Remove the 
shrink wrap by pulling on red stripe. Open the lid and remove the device from the tube”), 2. Spray (eg, “Hold the device between 
fingers and thumb. Do not test before use. Insert the tip gently in one of the nostrils until finger(s) touch the outside of the nose. 
Push the plunger all the way in. The dose is complete when the green line is no longer showing”), and 3. Assist (“Turn patient on 
side. Call for medical help.”). The AI description included the following instructions of use: 1. Prepare (eg, “Tear open pouch and 
remove device. Tear at notch. Pull of red cap”), 2. Inject (eg, “Choose injection site and expose skin. Push down on skin to start. 
Hold down for 5 seconds. Wait for window to turn red”), and 3. Assist (eg, “Turn patient on side. Call doctor.”).

Rating Items for Each Device
The GDAQ was developed specifically to compare attitudes toward NG versus AI. It is comprised of 38 rating items asked of 
each device (7-point rating scales, ranging from “very unlikely” to “very likely” or “not at all” to extremely’). For each of these 
items, participants rated each of the two devices, which were randomized with respect to which was shown first. Of the 38 
rating items, 33 were answered by all respondent groups, of which seven represented global assessments of the device (eg, 
“overall ease of use”, “overall like or dislike”), while two items were answered by caregivers and acquaintances only, two by 
persons with diabetes and caregivers only, and one by persons with diabetes only.

Direct Elicitation Items
In addition, the GDAQ includes 16 direct elicitation questions asking which device they would prefer, with a 7-point 
scale ranging from “Very strongly prefer NG” to “Very strongly prefer AI”. Again, the two devices were randomized in 
being the left anchor versus right anchor for these items. Four of these compared NG versus AI globally on: “overall 
preference for device”, “feeling prepared and protected with device”, “being less likely to hesitate in using device”, and 
“overall [perceived] ease of using device”. The remaining 12 items assessed the following attributes: “size of the device”, 
“being less complicated”, “feeling comfortable”, “method of delivering glucagon”, “causing less worry”, “overall 
convenience of the device”, “ability of children to use the device”, “administering glucagon to child”, “ease of preparing 
the device and medication for use”, “overall confidence in using the device correctly”, “carrying around the device” and 
“being easy to learn to use”.
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Cognitive Debriefing Pre-Test Interviews
In an initial pre-testing phase, two rounds of cognitive debriefing interviews were conducted among persons with 
diabetes on insulin, caregivers, and acquaintances of persons with diabetes (n = 15 in each group) to obtain feedback 
on the GDAQ. Three trained interviewers followed a think aloud approach to obtain participant feedback on the GDAQ 
to ensure that the instructions and items were relevant and understandable and that they were being interpreted 
consistently by participants. Interviewer prompts included “What does this item mean to you?” and “How did you 
arrive at your answer?”. The interviews were conducted via telephone with a secure web sharing application so that 
respondents could view the questionnaire during the interview.

To confirm the content validity of the questionnaire, a content analysis was performed of the cognitive interview data, 
in which all responses were organized and evaluated by item. The moderators met intermittently to discuss the findings 
and potential revisions that should be made to the questionnaire. The revisions were then tested in the second round of 
cognitive debriefing interviews to confirm whether further changes were needed. Based on the findings, revisions were 
made to 11 of the questions initially included in the measure, and the GDAQ was then finalized; Table 1 details the 
revisions.

Table 1 Revisions to GDAQ

Item Original Wording Revision

A1 How complicated would it be to follow the instructions IF PWD SHOW: How complicated would it be for your family member or 

friend to follow the instructions for

A3 How intimidating is it to use IF PWD SHOW: How intimidating is it for your family member/friend to 

use IF CG/AQ SHOW: How intimidating is it for you to use

A6 How likely [IF PWD SHOW “is your family member/friend” 

IF CG OR AC SHOW “are you”] to feel panicky using

IF PWD SHOW: How likely is your family member/friend to feel panicky 

because of using IF CG/AQ SHOW: How likely are you to feel panicky 

because of using

A11 How concerned are you about the time it takes to deliver 

glucagon with

How concerned are you about the time it takes to prepare the device for 

administration with

A15 [PWD AND CG ONLY] How confident would you be in 

asking others for help if you had

How comfortable would you be in asking others for help to administer 

glucagon in an emergency if you had

A16 How secure would you feel having with you How reassured would you feel having with you

A20 How convenient do you think it would be to use IF PWD SHOW: How convenient do you think it would be for your family 

member/friend to use

A30 Overall, how easy is it for children to use 30. Overall, how easy is it for children under 12 years old to use
30a. Overall, how easy is it for teenagers to use

A34 Assuming the 2 devices are the same price and are not too 

expensive, how likely are you to purchase

Assuming the 2 devices are both available, are the same price and are not 

too expensive, how likely are you to purchase

A35 SHOW TO PWDs ONLY If it were available, how likely are 

you to carry around

SHOW TO PWDs ONLY If both were available, how likely are you to carry 

around

B1 Which do you prefer when it comes to Which do you prefer when it comes to
b. Less complicated, b. Being less complicated,
f. Causes less worry, f. Causing less worry,

m. Carry around device, m. Carrying around device,

n. Easier to learn to use, n. Being easier to learn to use,
o. Less likely to hesitate in using device, o. Being less likely to hesitate in using device

Abbreviations: AQ, acquaintance; CG, caregiver; PWD, person with diabetes.
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Analysis
Rating Items for Each Device
This analysis focused on the 33 rating items that were answered by all respondent groups. First, attribute ratings were 
reverse coded as needed such that higher ratings indicate more favorable responses. A principal component analysis 
(PCA) was first performed to identify potential scales within the GDAQ that were answered by all groups. The PCA 
included rating items answered by all respondent groups, with the exception of the seven global assessment items. 
Separate PCAs were run for all respondents in aggregate and by respondent group, as well as by device, for a total of 
eight PCAs. All PCAs were run using the SAS PRINCOMP procedure. The number of factors were determined by 
examining the scree plot and the percent variance explained for all respondent groups. Attribute groupings were 
determined, for the most part, by the factor loadings.

Once the number of factors and attribute groupings were identified, the attributes were assigned to their corresponding 
factors and confirmatory factor analyses (CFA) were conducted using a structural equation model with the SAS CALIS 
procedure. Comparative fit index (CFI), root mean square error of approximation (RMSEA), and standardized root mean 
square residual (SRMR) were assessed. In order to be able to compare factors by device and across respondent groups, 
the same attributes were assigned to the same factors for each device and each respondent group. Items comprising each 
factor were then averaged to create scales. Separate scales were computed for NG and AI. Separate CFAs were run for all 
respondents in aggregate and by each respondent group, as well as by device, for a total of eight CFAs.

Cronbach’s alpha was computed to assess the internal consistency of each scale. A Cronbach’s alpha of 0.70 is 
recognized as an acceptable threshold for assessing the internal consistency reliability of a scale of items.27,28 In addition, 
Cronbach’s alpha was computed after removing each rating item from its scale. Inter-item correlations were also 
computed to assess how well the items comprising a scale hung together. Optimal mean inter-item correlation values 
range from 0.2 to 0.4.29 Items were further evaluated and considered for movement to another scale if they had the 
Cronbach’s alpha increased when the item was removed from the scale for both NG and AI groups.

To assess predictive validity of the scale, each scale was correlated with its global rating item (with that item removed 
from the scale, if applicable). In addition, means, standard deviations, minimums, maximums, and the proportion of 
respondents choosing the lowest and highest response categories were computed for the 12 rating items not included in 
the factor analyses; this included the 7 global assessment rating items rated by all respondent groups as well as the 5 
rating items that were not answered by all respondent groups.

Direct Elicitation Items
Direct elicitation items were recoded so that scores above four were in favor of NG, then the 12 non-global items were 
averaged to create a “Attitude” scale. Cronbach’s alpha was computed to assess the internal consistency of the “Attitude” 
scale, and inter-item correlations were also computed to assess how well the items comprising the “Attitude” scale hung 
together. Finally, the “Attitude” scale was correlated with its global rating item, “overall preference for device”.

Results
A total of 1030 respondents met the inclusion criteria and completed the study; 405 respondents qualified as persons with 
diabetes on insulin, 320 qualified as caregivers, and 305 qualified as acquaintances. Quality checks led to the removal of 
7 caregivers who indicated a lack of attention; n = 3 completed the survey in less than half the median time, and n = 4 
used the same rating for each item in three or more of the GDAQ item rating sections that had both positively worded 
and negatively worded attributes (note that scores of 4, indicating neutrality, were allowed). Therefore, the final analysis 
sample included 405 persons with diabetes on insulin, 313 caregivers, and 305 acquaintances.

Device Rating Items
Principal Component Analysis & Confirmatory Factor Analysis results
The results for the PCA analyses were similar for the total sample and three respondent groups; persons with diabetes on 
insulin, caregivers, and acquaintances. They were similar by device as well. The 3-factor solution was chosen based on 
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the scree plot and the percent variance explained for all respondent groups (60.0% for NG, Figure 1; 60.7% for AI, 
Figure 2). Within the 3-factor solution, we looked at the loadings of the attribute on the factor, especially which loading 
was the largest. In general, the majority of items gathered on one of two factors for every respondent group; in cases 
where they did not, they still loaded reasonably well within the same factor. A third group of items had low loadings and 
changed the factor they loaded on between respondent groups, so the decision was made to cordon these attributes into 
their own factor. Therefore, we assigned the attributes to three factors, 1) “Prepared and Protected” (7 items), 2) 
“Hesitation” (12 items), and 3) “Device Perceptions by Others” (7 items) (Table 2) and ran CFA goodness-of-fit metrics.

The final assignment of attributes to factors as well as the factor loadings for the final scales are shown in Table 2, and 
fit metrics for the CFA are shown in Table 3. Table 4 provides descriptive statistics for device rating items not included in 
factor analyses by respondent group. Factor loadings ranged from 0.13 to 0.92 for 0.13 to 0.92 for “Prepared and 
Protected”, from 0.50 to 0.89 for “Hesitation”, and from 0.16 to 0.92 for “Device Perceptions by Others”. SRMR is 
below 0.1 for the AI model among caregivers and for both devices among acquaintances, indicating adequate fit.

Figure 1 Principal component analysis results for total sample: Scree plot and variance explained for NG rating items. 
Abbreviation: NG, nasal glucagon.

Figure 2 Principal component analysis results for total sample: Scree plot and variance explained for AI rating items. 
Abbreviation: AI, autoinjector glucagon.
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Internal Consistency
Cronbach’s alpha for each scale by respondent group is shown in Table 5.

Prepared and Protected
Cronbach’s alpha for “Prepared and Protected” ranged from 0.76 to 0.82 for NG and from 0.82 to 0.86 for AI, 
indicating that this scale has good internal consistency. Examination of Cronbach’s alpha if item is deleted showed that 

Table 2 Final Factor Loadings for Scales by Respondent Group

Scale Respondent Group

Persons With 
Diabetes

Caregivers Acquaintances

(n=405) (n=313) (n=305)

NG AI NG AI NG AI

Factor 
Loading

Factor 
Loading

Factor 
Loading

Factor 
Loading

Factor 
Loading

Factor 
Loading

Prepared and 

Protected

Likely to use the device correctly 0.28 0.28 0.25 0.39 0.13 0.28
Confident get/gave full dose 0.34 0.35 0.35 0.45 0.21 0.24

Feel reassured 0.55 0.61 0.62 0.63 0.56 0.61

Comfortable to use 0.47 0.57 0.60 0.72 0.64 0.73
Convenient to use 0.60 0.70 0.65 0.76 0.62 0.77

Feel prepared and protected 0.92 0.88 0.88 0.92 0.86 0.88

Feel safe 0.91 0.86 0.89 0.90 0.84 0.86

Hesitation Complicated to follow 

instructions*

0.81 0.78 0.77 0.74 0.55 0.72

Difficulty in finding location* 0.85 0.81 0.79 0.74 0.56 0.76

Intimidating to use* 0.87 0.81 0.85 0.89 0.72 0.87

Fearful getting hurt/hurting 
someone*

0.87 0.78 0.78 0.81 0.72 0.85

Hesitate in using* 0.79 0.81 0.73 0.77 0.78 0.82

Feel panicky* 0.79 0.78 0.75 0.82 0.78 0.81
Likelihood making mistake* 0.85 0.86 0.75 0.82 0.83 0.85

Mix up with another diabetes 

device*

0.76 0.72 0.71 0.60 0.70 0.61

Concerned about the time it may 

take to prepare*

0.84 0.77 0.68 0.73 0.66 0.70

Nervous or anxious about use* 0.88 0.88 0.77 0.84 0.77 0.85
Embarrassed* 0.68 0.58 0.69 0.62 0.51 0.56

Stressed* 0.85 0.77 0.77 0.80 0.50 0.66

Device Perceptions 

by Others

Feel panicky (other people)* 0.88 0.90 0.82 0.86 0.89 0.86

Hesitate in using (other people)* 0.92 0.89 0.88 0.88 0.88 0.86
Likelihood making mistake (other 

people)*

0.81 0.72 0.79 0.82 0.74 0.76

Likely to use device correctly 
(other people)

0.16 0.16 0.22 0.32 0.30 0.53

Anxious or worried about use 

(other people)*

0.81 0.84 0.80 0.80 0.81 0.78

Difficulty in finding location (other 

people)*

0.48 0.58 0.37 0.60 0.27 0.60

Comfortable to use (other people) 0.21 0.22 0.45 0.53 0.39 0.54

Notes: All items rated twice, one for each device, on a scale from 1 to 7. Items with an * were reverse scored such that higher ratings indicate more favorable responses. 
Since the loading for factors that the attribute was not assigned to was zero, we reported all the loadings in one column. 
Abbreviations: AI, autoinjector glucagon; NG, nasal glucagon.
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Table 3 Fit Metrics for Confirmatory Factor Analysis

Metric Respondent Group

Persons With Diabetes Caregivers Acquaintances
(n=405) (n=313) (n=305)

NG AI NG AI NG AI

CFI 0.782 0.783 0.803 0.840 0.781 0.825

RMSEA 0.124 0.116 0.104 0.101 0.101 0.103

RMSEA 90% CI 0.119–0.129 0.111–0.121 0.098–0.109 0.095–0.106 0.095–0.107 0.097–0.109
SRMR 0.137 0.119 0.101 0.089 0.097 0.084

Abbreviations: AI, autoinjector glucagon; CFI, Comparative Fit Index; CI, confidence interval; NG, nasal glucagon; RMSEA, Root Mean Square 
Error of Approximation; SRMSE, Standardized Root Mean Square Residual.

Table 4 Descriptive Statistics for Device Rating Items Not Included in Factor Analyses by Respondent Group

Global Device Rating Item Respondent Group

Persons With Diabetes Caregivers Acquaintances
(n=405) (n=313) (n=305)

NG AI NG AI NG AI

Mean SD Mean SD Mean SD

Likely to prefer (other people) Mean ± SD 5.49 ± 1.52 4.01 ± 1.69 5.67 ± 1.41 4.21 ± 1.68 5.75 ± 1.34 3.90 ± 1.63
Min, Max 1, 7 1, 7 1, 7 1, 7 1, 7 1, 7

1 - very unlikely, n (%) 10 (2.5) 31 (7.7) 6 (1.9) 26 (8.3) 7 (2.3) 29 (9.5)
7 - very likely, n (%) 136 (33.6) 36 (8.9) 114 (36.4) 24 (7.7) 115 (37.7) 18 (5.9)

Likely to tell other people about Mean, SD 5.60 ± 1.57 5.30 ± 1.60 6.08 ± 1.24 5.56 ± 1.59 5.10 ± 1.76 4.79 ± 1.82
Min, Max 1, 7 1, 7 1, 7 1, 7 1, 7 1, 7

1 - very unlikely, n (%) 15 (3.7) 15 (3.7) 2 (0.6) 7 (2.2) 20 (6.6) 27 (8.9)

7 - very likely, n (%) 156 (38.5) 118 (29.1) 168 (53.7) 124 (39.6) 93 (30.5) 75 (24.6)

Overall perceived ease of use for 

children

Mean, SD 4.68 ± 1.77 3.29 ± 1.75 4.95 ± 1.69 3.30 ± 1.77 4.50 ± 1.67 3.00 ± 1.58
Min, Max 1, 7 1, 7 1, 7 1, 7 1, 7 1, 7

1 - very difficult, n (%) 19 (4.7) 67 (16.5) 9 (2.9) 61 (19.5) 14 (4.6) 65 (21.3)

7 - very easy, n (%) 76 (18.8) 28 (6.9) 66 (21.1) 14 (4.5) 41 (13.4) 8 (2.6)

Overall perceived ease of use for 

teenagers

Mean, SD 5.74 ± 1.30 4.82 ± 1.50 6.03 ± 1.20 4.89 ± 1.69 5.78 ± 1.31 4.71 ± 1.53
Min, Max 1, 7 1, 7 1, 7 1, 7 1, 7 1, 7

1 - very difficult, n (%) 4 (1.0) 7 (1.7) 1 (0.3) 13 (4.2) 4 (1.3) 7 (2.3)

7 - very easy, n (%) 143 (35.3) 60 (14.8) 146 (46.7) 58 (18.5) 111 (36.4) 38 (12.5)

Overall perceived ease of use Mean, SD 5.90 ± 1.37 5.16 ± 1.57 6.19 ± 1.14 5.19 ± 1.64 5.83 ± 1.33 4.75 ± 1.67
Min, Max 1, 7 1, 7 2, 7 1, 7 2, 7 1, 7
1 - not at all, n (%) 8 (2.0) 7 (1.7) 0 (0.0) 7 (2.2) 0 (0.0) 13 (4.3)

7 - extremely, n (%) 177 (43.7) 102 (25.2) 168 (53.7) 78 (24.9) 123 (40.3) 46 (15.1)

Likelihood to purchase Mean, SD 5.72 ± 1.62 5.18 ± 1.70 6.07 ± 1.30 5.27 ± 1.72 5.43 ± 1.81 4.40 ± 1.97
Min, Max 1, 7 1, 7 1, 7 1, 7 1, 7 1, 7
1 - very unlikely, n (%) 15 (3.7) 22 (5.4) 3 (1.0) 14 (4.5) 20 (6.6) 40 (13.1)

7 - very likely, n (%) 181 (44.7) 104 (25.7) 168 (53.7) 93 (29.7) 119 (39.0) 53 (17.4)

Overall like or dislike Mean, SD 5.53 ± 1.64 5.22 ± 1.50 5.91 ± 1.47 5.18 ± 1.74 5.73 ± 1.40 4.69 ± 1.67
Min, Max 1, 7 1, 7 1, 7 1, 7 1, 7 1, 7

1 - dislike a lot, n (%) 4 (1.0) 5 (1.2) 1 (0.3) 16 (5.1) 1 (0.3) 14 (4.6)
7 - like a lot, n (%) 156 (38.5) 85 (21.0) 153 (48.9) 84 (26.8) 120 (39.3) 47 (15.4)

(Continued)
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Table 4 (Continued). 

Global Device Rating Item Respondent Group

Persons With Diabetes Caregivers Acquaintances
(n=405) (n=313) (n=305)

NG AI NG AI NG AI

Mean SD Mean SD Mean SD

Likely to call 911 before use* 
(CGs and AQs only)

Mean ± SD na 4.35 ± 2.19 4.19 ± 2.17 4.09 ± 2.23 3.85 ± 2.19
Min, Max 1, 7 1, 7 1, 7 1, 7

1 - very unlikely, n (%) 46 (14.7) 49 (15.7) 65 (21.3) 69 (22.6)

7 - very likely, n (%) 79 (25.2) 70 (22.4) 67 (22.0) 54 (17.7)

Likely to call 911 after use* (CGs 

and AQs only)

Mean ± SD na 2.58 ± 1.83 2.50 ± 1.81 2.03 ± 1.63 1.99 ± 1.59
Min, Max 1, 7 1, 7 1, 7 1, 7

1 - very unlikely, n (%) 136 (43.5) 144 (46.0) 182 (59.7) 184 (60.3)

7 - very likely, n (%) 12 (3.8) 133 (32.8) 13 (4.3) 11 (3.5)

Comfortable asking others to 

administer in an emergency 
(PWDs & CGs only)

Mean ± SD 4.09 ± 2.16 3.99 ± 2.09 4.20 ± 2.17 3.94 ± 2.11 na
Min, Max 1, 7 1, 7 1, 7 1, 7
1 - very unlikely, n (%) 72 (17.8) 70 (17.3) 57 (18.2) 62 (19.8)

7 - very likely, n (%) 73 (18.0) 59 (14.6) 57 (18.2) 47 (15.0)

Easy to carry around (PWDs & 

CGs only)

Mean ± SD 5.70 ± 1.69 5.25 ± 1.75 6.25 ± 1.29 5.75 ± 1.60 na
Min, Max 1, 7 1, 7 1, 7 1, 7
1 - very unlikely, n (%) 17 (4.2) 12 (3.0) 5 (1.6) 8 (2.6)

7 - very likely, n (%) 193 (47.7) 133 (32.8) 197 (62.9) 150 (47.9)

Likelihood to carry around 

(PWDs only)

Mean ± SD 5.79 ± 1.62 5.23 ± 1.73 na na
Min, Max 1, 7 1, 7
1 - very unlikely, n (%) 16 (4.0) 20 (4.9)

7 - very likely, n (%) 193 (47.7) 118 (29.1)

Notes: All items rated twice, one for each device, on a scale from 1 to 7. Ratings above 4 indicate more favorable responses. Items with an *Were reverse scored such that 
higher ratings indicate more favorable responses. 
Abbreviations: AQs, acquaintances; CGs, caregivers; max, maximum; min, minimum; na, not asked; PWDs, persons with diabetes; SD, standard deviation.

Table 5 Cronbach’s Alpha for Final Scales by Respondent Group

Scale Respondent Group

Persons With Diabetes Caregivers Acquaintances
(n=405) (n=313) (n=305)

α α α

Prepared and Protected - NG 0.82 0.79 0.76

Prepared and Protected - AI 0.82 0.86 0.82

Hesitation – NG 0.96 0.94 0.91

Hesitation – AI 0.95 0.94 0.94

Device Perceptions by Others – NG 0.81 0.81 0.81

Device Perceptions by Others – AI 0.81 0.86 0.87

Attitudes 0.96 0.96 0.96

Abbreviations: AI, autoinjector glucagon; NG, nasal glucagon.
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removal of “Likely to use device correctly” would only marginally improve alpha if deleted across respondent groups 
(largest improvement in alpha = 0.02 from 0.76 to 0.78 for acquaintances for NG only). In addition, among 
acquaintances, removal of “Confident get/gave full dose” would minimally improve alpha (both devices; largest 
improvement = 0.017, from 0.82 to 0.83). These improvements were small enough not to warrant removing these 
items from the scale.

Hesitation
Cronbach’s alpha for “Hesitation” ranged from 0.91 to 0.96 for NG and from 0.94 to 0.95 for AI, indicating that this 
scale has excellent internal consistency. Examination of Cronbach’s alpha if item is deleted showed that removal of 
“Embarrassed” would only very minimally improve alpha if deleted for respondent groups (both devices) and acquain-
tances (AI only) (largest improvement in alpha = 0.002; alpha remains 0.95). As this finding was not consistent across 
respondent groups and devices, Cronbach’s alpha is already high, and there was minimal improvement, this item was 
kept in the scale.

Device Perceptions by Others
Cronbach’s alpha for “Device Perceptions by Others” was 0.81 for NG across all respondent groups and ranged from 
0.81 to 0.87 for AI, indicating this scale has good internal consistency. Examination of Cronbach’s alpha if item is 
deleted showed no items that would improve alpha if deleted across all respondent groups. Deleting “Likely to use device 
correctly (other people)” would improve alpha marginally by 0.01–0.02 for persons with diabetes and caregivers for both 
devices and by 0.01 for acquaintances for NG only. In addition, deleting “Comfortable to use (other people)” would 
improve alpha by 0.00–0.03 for persons with diabetes and acquaintances, but would not improve alpha for caregivers. 
Finally, deletion of “Difficulty in finding location (other people)” would improve alpha by 0.02 for caregivers and would 
improve alpha 0.00–0.02 for persons with diabetes and acquaintances for NG only. Thus, we retained all items in this 
scale.

Inter-Item Reliability
Prepared and Protected
Inter-item reliabilities for the “Prepared and Protected” scale for NG ranged from 0.20 to 0.86 for persons with diabetes, 
0.15 to 0.83 for caregivers, and 0.05 to 0.79 for acquaintances. Most items had small to large positive correlations with 
each other and were significant at P<0.05. Inter-item reliabilities for the “Prepared and Protected” scale for AI ranged 
from 0.17 to 0.81 for persons with diabetes, 0.30 to 0.87 for caregivers, and 0.14 to 0.83 for acquaintances. All items had 
small to large positive correlations with each other and were significant at P<0.05 for all respondent groups.

Hesitation
Inter-item reliabilities for the “Hesitation” scale for NG ranged from 0.50 to 0.82 for persons with diabetes, 0.44 to 0.77 
for caregivers, and 0.28 to 0.74 for acquaintances. All inter-item correlations were moderate to large and were significant 
at P<0.001. Inter-item reliabilities for the “Hesitation” scale for AI ranged from 0.39 to 0.82 for persons with diabetes, 
0.39 to 0.81 for caregivers, and 0.38 to 0.88 for acquaintances. All inter-item correlations were moderate to large and 
significant at P<0.001.

Device Perceptions by Others
Inter-item reliabilities for the “Device Perceptions by Others” scale for NG ranged from −0.12 to 0.83 for persons with 
diabetes, −0.04 to 0.74 for caregivers, and 0.06 to 0.33 for acquaintances. Most inter-item correlations were significant at 
P<0.05 and were small to large positive correlations. Inter-item reliabilities for the “Device Perceptions by Others” scale 
for AI ranged from 0.00 to 0.81 for persons with diabetes, 0.16 to 0.79 for caregivers, and 0.27 to 0.76 for acquaintances. 
Most inter-item correlations were significant at P<0.05 and small to moderate positive correlations.

Correlations Between the Scales and Global Items
Correlations between the scales and their global items are shown in Table 6.
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Prepared and Protected
For NG, the correlation between the “Prepared and Protected” scale with its global item, “Feel prepared and protected”, 
was 0.60 for persons with diabetes and caregivers and 0.55 for acquaintances. For AI, the correlation between the 
“Prepared and Protected” scale with its global item, “Feel prepared and protected” was 0.63 for persons with diabetes, 
0.74 for caregivers, and 0.69 for acquaintances.

Hesitation
For NG, the correlation between the “Hesitation” scale with its global item, “Hesitate in using device”, was 0.79 for 
persons with diabetes and 0.72 for caregivers and acquaintances. For AI, the correlation between the “Hesitation” scale 
with its global item, “Hesitate in using device” was 0.78 for persons with diabetes, 0.76 for caregivers, and 0.80 for 
acquaintances.

Device Perceptions by Others
For NG, the correlation between the “Device Perceptions by Others” scale with its global item, “Likelihood to prefer 
(other people)” was 0.37 for persons with diabetes, 0.40 for caregivers, and 0.30 for acquaintances. For AI, the 
correlation between the “Device Perceptions by Others” scale with its global item, “Likelihood to prefer (other people)” 
was 0.45 for persons with diabetes, 0.53 for caregivers, and 0.58 for acquaintances.

Rating Items for Each Device Not Included in Factor Analyses
Descriptive statistics for the 12 ratings items not included in the factor analyses (the 7 global rating items asked by all 
respondent groups and the 5 rating items asked of only some respondent groups) are shown in Table 4 for each device 
by respondent group. Except for “Overall perceived ease of use of NG” among caregivers and acquaintances, where 
the minimum rating was 2, the full range of responses were used for these items for each device by all respondent 
groups. There is clear differentiation between the two devices on all global rating items. For NG, the proportion of 
respondents with scores at floor (minimum score) ranged from 0.0% to 59.7% and ceiling (maximum score) ranged 
from 3.8% to 62.9% across these rating items and respondent groups. For AI, the proportion of respondents with 
scores at floor (minimum score) ranged from 1.2% to 60.3% and ceiling (maximum score) ranged from 2.6% to 
47.9% across these rating items and respondent groups. “Comfortable asking others to administer device in an 

Table 6 Correlations of Scales with Global Item by Respondent Group

Scale Respondent Group

Persons With Diabetes Caregivers Acquaintances
(n=405) (n=313) (n=305)

R r r

Prepared and Protected - NG 0.60* 0.60* 0.55*

Prepared and Protected - AI 0.63* 0.74* 0.69*

Hesitation - NG 0.79* 0.72* 0.72*

Hesitation - AI 0.78* 0.76* 0.80*

Device Perceptions by Others - NG 0.37* 0.40* 0.30*

Device Perceptions by Others - AI 0.45* 0.53* 0.58*

Attitude 0.90* 0.86* 0.87*

Notes: “Prepared and Protected” and “Hesitation” scales were correlated with the global item comprising the scale: “Feel 
prepared and protected”, “Hesitate in using device” (reverse-scored). Device Perceptions by Others” scale was correlated with 
the item ‘Likelihood to prefer (other people)’. The ‘Attitude’ scale was correlated with the global item ‘Overall preference for 
device’. *P < 0.001. 
Abbreviations: AI, autoinjector glucagon; NG, nasal glucagon.
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emergency” was above the threshold of 15% for floor effects for both NG and AI among persons with diabetes and 
caregivers, and “Likelihood to call 911 before use” and “Likelihood to call 911 after use” were above the threshold of 
15% for floor effects for NG and AI among caregivers and acquaintances. In addition, “Overall ease of use for 
children” was above 15% for AI for all respondent groups. Few items were under the threshold of 15% for ceiling 
effects for both devices across respondent groups. However, all global items were able to differentiate perceptions 
between NG and AI.

Direct Elicitation Items
Internal Consistency
Cronbach’s alpha for the “Attitudes” scale was 0.96 for all respondent groups. Examination of Cronbach’s alpha if 
item is deleted showed no items that would improve alpha if deleted across all respondent groups. The only item 
showing improvement in alpha if deleted was “Administering glucagon to child” among persons with diabetes only. 
This item would only improve alpha by <0.001, and as alpha is already very high, all items were retained in this 
scale.

Inter-Item Reliability
Inter-item reliabilities for the “Attitudes” scale ranged from 0.46 to 0.84 for persons with diabetes, 0.49 to 0.76 for 
caregivers, and 0.52 to 0.78 for acquaintances. All inter-item correlations were large and were significant at P<0.001.

Correlations Between the Scales and Global Items
Correlation between the “Attitudes” scale with its global item, “Overall preference for device” was 0.90 for persons with 
diabetes, 0.86 for caregivers, and 0.87 for acquaintances (Table 6).

Discussion
The current study describes the development and validation of the GDAQ, a comprehensive measure of attitudes towards 
glucagon delivery device(s) that addresses an important unmet need in the literature. Drug and device developers have 
increasingly recognized the importance of integrating patient attitudes and patient-centered design strategies into the 
development of their products. Clinical treatment recommendations have also shifted towards a more patient-centered 
approach, with the American Diabetes Association noting the critical importance of integrating individuals’ values and 
attitudes in the development of treatment plans.3

This approach to device development, however, relies upon the ability to accurately and effectively assess patient 
attitudes and attitudes using validated measures. Despite this, there currently exist no validated measures that focus on 
attitudes toward new glucagon delivery devices. Further, those more general satisfaction measures that do exist tend to 
possess ceiling effects,30–32 lack specificity for distinguishing attitudes among different devices, and are not appropriate 
for assessing the attitudes of caregivers and acquaintances. The GDAQ addresses each of these limitations and this 
broader gap in the literature.

Importantly, the GDAQ was developed in line with the guidelines put forward by the FDA concerning patient 
reported outcomes33 and a review of previous scale development research, including the Medication Delivery Device 
Assessment Battery (MDDAB)23,25 and the Diabetes Injection Device-Preference Questionnaire (DID-PQ).24,34 The 
GDAQ was designed to align with these previous measures, as well as provide insight into attitudes towards specific 
glucagon devices. In addition to this solid empirical foundation, the qualitative concept elicitation phase also helped 
inform the development of question phrasing and scale domains.26

The study findings confirmed the measurement properties of the GDAQ and supported the results of the initial 
concept elicitation research.26 The GDAQ was able to effectively differentiate between attitudes concerning NG when 
compared to AI and represents an innovative approach in utilizing a reference when providing ratings to achieve better 
differentiation and address the ceiling effects inherent to similar patient-reported measures.

Ultimately, the ability to accurately assess attitudes towards devices for the administration of medications among persons 
with diabetes, caregivers and acquaintances can help guide drug and device development. In the context of severe 
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hypoglycemia emergencies, an easier-to-use delivery method would likely improve the confidence, efficacy, accuracy, and 
likelihood of use among caregivers and acquaintances. This in turn would serve to reduce the burden and stress on persons 
with diabetes and those assisting in a severe hypoglycemia emergency, as well as the possibility to reduce health-care costs at 
large through limiting severe hypoglycemia-related emergency responses and emergency department visits.

The GDAQ yielded three distinct scales. These included the 1) “Prepared and Protected” scale, which addressed 
issues concerning how safe and prepared people feel carrying the device, 2) “Hesitation” scale, which addressed levels of 
fear and panic associated with the use of the device, and finally, and 3) “Device Perceptions by Others” scale, which 
considers the perspective of “others”, who may be less familiar with severe hypoglycemia-related emergencies and 
glucagon devices. The reliability measurements from this robust sample of participants further supports the use of these 
three scales. The feedback from the cognitive interviews informed revisions to the GDAQ to ensure that items are 
understood and interpreted in a uniform way among respondents. Notable revisions included rewording that clarified the 
person using the device, the age of the person in question, and terminology that was more easily understood (eg, 
reassured versus secure).

Study Limitations
The current findings should be considered in light of the study limitations. The online administration of the survey can 
limit generalizability to populations less familiar with online technology. Further, those surveyed had not used NG and AI 
devices and thus provided feedback and responses based on hypothetical descriptions. It is also possible that AI devices 
received more favorable reviews based on social desirability and some participants’ unwillingness to disclose a fear of 
needles or a desire for easier-to-use devices given their acknowledged role as a person with diabetes, caregiver or 
acquaintance. Finally, we did not examine test-retest reliability of the GDAQ, or the sensitivity and specificity of the 
device, which should be a focus of future research.

Conclusions
The current study confirmed the content validity and reliability, including the internal consistency, of the GDAQ. The 
measure, with three distinct scales, successfully conceptualizes device attitudes among persons with diabetes, caregivers 
and acquaintances. The GDAQ represents an important tool in device assessment and one that can help guide the 
development and testing of new drugs and devices in the glucagon delivery space.

Abbreviations
AI, autoinjector; AQ, acquaintance; CFA, confirmatory factor analysis; CFI, comparative fit index; CG, caregiver; FDA, 
Food and Drug Administration; GDAQ, Glucagon Device Attitudes Questionnaire; NG, nasal glucagon; PCA, principal 
component analysis; PWD, person with diabetes on insulin; RMSEA, root mean square error of approximation 
(RMSEA); SRMR, standardized root mean square residual.
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