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Introduction: Treatment-related attributes and process characteristics such as dosing frequency, timing flexibility, ease of use of
injection devices and unpleasant side-effects may have small but measurable effects on quality of life (QoL) in people with type 2
diabetes (T2D). A literature review was performed to identify recently published utility values quantifying the effect of treatment-
related attributes on QoL.
Methods: Literature search strategies were designed using high-level medical subject heading (MeSH) terms supplemented with free-text
terms and searches were run in March 2020 in the PubMed, Embase and Cochrane Library databases. For inclusion, studies were required
to be published in full-text form, in English, since 2010 and report utility values (elicited using either direct or indirect methods) for
treatment-related attributes or process characteristics including side effects, change in weight/body mass index (BMI), dosing frequency
and timing flexibility, device attributes (e.g. needle handling, requirement for reconstitution) and convenience (e.g. waiting time).
Results: A total of 30 studies were included in the review, of which all but three were conducted in people with T2D. The EQ-5D was
the most commonly used elicitation method (fourteen studies), followed by time tradeoff (TTO) methodology. Treatment-related
adverse events and inconveniences such as needle handling in administration devices and waiting time were consistently associated
with lower QoL, whereas lower dosing frequency and increased timing flexibility with dosing were consistently associated with utility
benefits. The relationship between change in BMI and QoL was non-linear and influenced by baseline BMI.
Conclusion: Treatment-related attributes and process characteristics are associated with minor changes in QoL, which should be
taken into account in long-term health economic modeling of new treatments and administration devices.
Keywords: quality of life, utilities, treatment-related attributes, side effects

Introduction
Type 2 diabetes (T2D) is a chronic progressive disease, typically requiring intensification of treatment to counter
progressively worsening glycemic control. Whilst available pharmacologic treatments are effective in terms of reducing
hyperglycemia, some commonly used drugs are associated with administration complexities or unpleasant side effects
that may have a negative influence on quality of life (QoL). For example, insulin initiation or intensification is known to
be associated with weight gain,1 sodium-glucose cotransporter-2 (SGLT-2) inhibitors have been linked with an increased
risk for mycotic genital infections2 and glucagon-like peptide-1 (GLP-1) receptor agonists are associated with transient
gastrointestinal side effects.3 The negative QoL effect of factors such as unpleasant side effects or complex dosing
regimens may be sufficient to reduce adherence to treatment, which may ultimately reduce the effectiveness of treatment4

and increase the risk for long-term complications.
Recognition of the fact that interventions themselves can have a direct effect on QoL5 has led to efforts from

manufacturers to focus on aspects such as convenience, dosing frequency and timing flexibility when developing new
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treatments and administration devices. The influence of these parameters on patient QoL can be determined using utility
values, which can in turn be used to inform health economic models of novel treatments and devices. Although the utility
benefits/decrements associated with treatment-related attributes may be relatively minor in comparison with major long-
term complications such as myocardial infarction or stroke, as T2D is a chronic disease, patients may face these
inconveniences on a daily basis. Therefore, the alleviation of minor inconveniences such as injection site reactions or
the need to reconstitute a solution for injection may translate into tangible QoL benefits over the lifetime of the patient.
Further, for treatments that have similar efficacy in terms of glycemic control and reduction of hypoglycemic events, the
QoL impact of factors such as side-effects, weight gain/loss, convenience and dosing frequency and flexibility may be
important determinants of the results of health economic analyses.

The aim of the current review was to identify health state utility values, elicited using either direct or indirect
methods, associated with treatment-related attributes and process characteristics for pharmacologic treatments for T2D.
Previous reviews have focused on the impact of diabetes-related complications on QoL but the current review is among
the first to explore the influence of treatment-related attributes on QoL. These included weight loss/gain or change in
body mass index (BMI), dosing frequency and timing flexibility, device-related attributes for injectable treatments (e.g.
needle handling, dose selection requirements), injection site reactions, convenience (e.g. requirements for reconstitution,
waiting time) and adverse events (e.g. gastrointestinal disturbances, mycotic genital infections and urinary tract infections
[UTIs]).

Methods
The literature review was performed using the PubMed, Embase and Cochrane Library databases (Supplementary
Tables 1–5). Search strategies were designed in alignment with recommendations outlined in the UK-based National
Institute for Health and Care Excellence (NICE) Decision Support Unit (DSU) Technical Support Document 9.6 Search
strategies utilized high level Medical Subject Heading (MeSH) terms supplemented with free-text terms and search
syntax was adjusted as required for use across the different databases (full details of the search strategies used are
provided in the Supplementary Tables 1–5). Supplementary hand searches were also performed to identify pertinent
studies presented at major congresses in late 2019 and 2020 (specifically the 55th annual meeting of the European
Association for the Study of Diabetes [EASD], the virtual meeting of the American Diabetes Association [ADA] and the
2020 virtual ISPOR annual US meeting). Relevant abstracts presented at 2019 ISPOR meetings have been published and
therefore relevant publications were captured within the literature database searches. Studies published only in abstract
form prior to 2019 were excluded on the basis that study results were likely have been subsequently published in full-text
form.

The time horizon of the searches was limited to articles published since 2010 and all searches were performed in
March 2020. For inclusion in the review studies were required to be published in full-text form (except for recent
abstracts as outlined above) in English, and present utility or disutility values for health states related to acute or
long-term T2D related complications or treatment-related attributes or process characteristics. Treatment-related
attributes and process characteristics captured in the review included treatment modality (injection or oral treatment),
weight or BMI loss or gain, dosing frequency, dosing timing flexibility, injection and injection device related
properties including injection site reaction, needle handling, requirement for reconstitution, waiting time, and
unpleasant side effects (e.g. gastrointestinal disturbances, mycotic genital infections and UTIs). Utility benefits or
decrements associated with treatment-related attributes or process characteristics can be elicited using direct methods
such as standard gamble (SG) or time trade off (TTO) or indirect methods such as the EQ-5D or SF-6D, each of
which are associated with relative merits and limitations. Both direct and indirect methods were included in the
review.

Although treatments such as sulfonylureas are known to be associated with an increased risk of hypoglycemic events,
for the purpose of this review hypoglycemia was considered an acute complication. Studies that were conducted in mixed
populations of patients with type 1 and type 2 diabetes were excluded if results were not presented according to type of
diabetes as the focus of the review was T2D alone. Secondary studies (i.e. studies listing previously published utility
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values) and discrete choice experiments were also excluded. Reporting of results here is limited to treatment-related
attributes and process characteristics.

Results
Literature Searches
Literature searches across the three databases yielded a total of 8566 hits, of which 1383 were duplicates, therefore resulting in
a total of 7183 unique hits. First-round screening of titles and abstracts was performed by one investigator and identified a total
of 241 hits for full-text review (Figure 1). During second-round screening a further 176 articles were excluded, resulting in
a total of 65 articles for inclusion that detailed utility or disutility values associated with either T2D-related complications or
treatment-related attributes or process characteristics. A further three articles were identified via bibliographies of included
articles. Searches of ADA 2020 meeting abstracts identified one relevant abstract for inclusion; no relevant abstracts were
identified from searches of the ISPOR US 2020 virtual meeting abstracts or EASD 2019 meeting abstracts. The final review
therefore included a total of 69 studies. Of these, a total of 39 presented findings exclusively related to acute or long-term
diabetes-related complications, 15 presented findings exclusively related to the influence of treatment-related attributes on
QoL and 15 captured findings on both complications and treatment attributes. Therefore, a total of 30 articles presented utility/
disutility values associated with treatment-related attributes or process characteristics (Table 1)7–36 These included a total of
fifteen conducted in Europe,9–11,13–15,19–21,24,25,29,31,33,34 eight conducted in Asia,12,17,18,23,27,28,32,35 two in North
America,16,36 one in Latin America,30 one in the Middle East,8 one in Africa,7 and two were multinational or the setting
was not stated.22,26 Most studies were conducted in people with T2D although three were conducted in general population
samples24,28,33 and one included both general population groups and groups with T2D.29 The most frequently used elicitation
method was the EQ-5D (3L or 5L), which was used in fourteen studies,8,12–15,18,22,23,25,27,30,32,34,36 followed by TTO
methodology used in ten studies,10,11,16,19–21,24,26,29,33 then the Short Form 6 Dimensions questionnaire (SF-6D; three
studies),15,31,35 SG (three studies),9,17,28 Health Utilities Index-2 (HUI-2; one study),7 visual analog scale (one study),17

Health Utilities Index-3 (HUI-3; one study)7 and the 15D questionnaire (one study).15

Figure 1 Summary of literature review process.
Abbreviation: T2D, type 2 diabetes.
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Table 1 Summary of Included Studies

Study Population N Instrument
Used

Treatment-Related Characteristics/Process
Attributes

Adibe et al. 2013

(Nigeria)7
Adults with T2D 638 HUI-2, HUI-3 Treatment modality (insulin use)

Al-Aboudi et al.

2015 (Saudi

Arabia)8

Adults with T2D 75 EQ-5D-3L Treatment modality (diet only, OADs, insulin)

Boye et al. 2011
(UK)9

Adults with T2D (aged
30–75 years)

151 SG Dosing flexibility, dosing frequency, injection site reaction

Boye et al. 2019
(Italy)10

Adults with T2D (aged
30–75 years)

216 TTO Oral treatment, injectable treatment (dulaglutide or
semaglutide, based on device and administration

procedure)

Boye et al. 2020

(UK)11
Adults with T2D 201 TTO Oral treatment (simple oral treatment versus oral

treatment with specific dosing instructions), injection

(weekly, semaglutide versus dulaglutide)

Butt et al. 2018

(Malaysia)12
Adults with T2D

(poorly controlled)

56 EQ-5D-3L Treatment modality (OADs, insulin)

Kamradt et al. 2017

(Germany)13
Adults with T2D (with

≥2 other co-morbid
conditions)

404 EQ-5D-3L Change in BMI

Kiadaliri et al. 2014
(Sweden)14

Adults with T2D 1757 EQ-5D-3L BMI increase, treatment modality (diet/exercise, OADs,
insulin)

Kontodimopolous
et al. 2012

(Greece)15

Adults with T2D 319 EQ-5D-3L,
SF-6D, 15D

Change in BMI

Lane et al. 2014

(Canada)16
Adults with T2D

(treated with OADs)

96 TTO Weight loss and gain, change in BMI

Lin et al. 2018

(Taiwan)17
Adults with T2D 213 SG and VAS Treatment-related adverse events, UTI, mycotic genital

infection

Luk et al. 2014

(China)18
Adults with T2D 14,826 EQ-5D-3L Treatment modality (insulin)

Matza et al. 2017

(UK)19
Adults with T2D (aged

30–75 years)

209 TTO Oral treatment, injection related attributes (reconstitution,

waiting, needle handling)

Matza et al. 2018

(Italy)20
Adults with T2D (aged

30–75 years)

238 TTO Oral treatment, injection related attributes (reconstitution,

waiting, needle handling)

Matza et al. 2018

(Italy)21
Adults with T2D 191 TTO Insulin treatment (attribute based, concentration/volume,

ease of injection, number of pens required)

Nauck et al. 2019

(Multinational)22
Adults with T2D at

high risk of

cardiovascular disease

3014 EQ-5D-3L Weight loss, treatment modality (insulin initiation)

Nguyen et al. 2018

(Vietnam)23
Adults with T2D (aged

≥60 years)

171 EQ-5D-3L Treatment modality (insulin initiation)

(Continued)
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Administration Route
A total of twenty studies presented utility or disutility values according to treatment type (diet/exercise alone, oral treatment,
insulin or other injectables),7,8,10–14,18–20,22–25,27,30–32,35,36 however, only eight were comparative studies in terms of
presenting data for patients on different treatment modalities.8,11,12,14,25,27,30,31 In particular, one recent UK-based study
specifically assessed QoL according to administration route and also the effect of specific dosing instructions for orally
administered treatments.11 Here, Boye et al. showed that patients value simplicity in terms of treatment. The mean (SD)
utility value (determined using TTO methodology) associated with simple oral treatment was 0.890 (0.140). However, if
oral treatment was associated with specific dosing instructions including the requirement for taking treatment on an empty

Table 1 (Continued).

Study Population N Instrument
Used

Treatment-Related Characteristics/Process
Attributes

Olofsson et al. 2016

(Sweden)24
General population 979 TTO Weight gain (insulin-related), insulin dosing frequency

O’Shea et al. 2015

(Ireland)25
Adults with T2D (aged

25–80 years)

159 EQ-5D Treatment modality (diet/OADs, insulin, non-insulin

injectables)

Polster et al. 2010

(Not reported)26
Adults with T2D 382 TTO Dosing frequency/flexibility, treatment-related adverse

events (nausea)

Quah et al. 2011

(Singapore)27
Adults with T2D 699 EQ-5D-3L Treatment modality (OADs, insulin)

Rajan et al. 2016

(South Korea and
Taiwan)28

General population 59 SG Weight loss, weight gain, dosing frequency, nausea

Riddlestrale et al.
2016 (UK, Sweden,

Denmark)29

General public (UK,
Denmark), adults with

T2D (Sweden)

1777 (UK), 1779
(Denmark), 484

(Sweden)

TTO Weight change, BMI change, dosing frequency

Romero-Naranjo

et al. 2019

(Ecuador)30

Adults with T2D 325 EQ-5D-3L Treatment modality (OADs, insulin)

Schunk et al. 2015

(Germany)31
Adults with T2D (aged

45–74 years)

846 SF-6D Treatment modality (OADs, insulin)

Shim et al. 2012

(Singapore)32
Adults with T2D 282 EQ-5D Treatment modality (insulin)

Shingler et al. 2015

(UK)33
General public 100 TTO Treatment related AEs (GI symptoms, UTI, mycotic

infection, hypovolemic event)

Solli et al. 2010
(Norway)34

Adults with T2D 356 EQ-5D Increase in BMI

Wan et al. 2016
(China)35

Adults with T2D 1826 SF-6D Treatment modality (insulin)

Zhang et al. 2012
(USA)36

Adults with T2D 7327 EQ-5D Treatment modality (insulin)

Abbreviations: AE, adverse event; BMI, body mass index; EQ-5D, EuroQol 5-dimensions; GI, gastrointestinal; HUI2, Health Utilities Index-2; HUI3, Health Utilities Index-3;
OADs, oral antidiabetic agents, SF-6D, Short form 6 dimensions; SG, standard gamble; T2D, type 2 diabetes; TTO, time tradeoff; UTI, urinary tract infection; VAS, visual
analog scale.
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stomach and fasting for 30 minutes afterwards, the mean (SD) utility value was significantly lower at 0.880 (0.146)
(p <0.001).

A further two studies conducted in Ireland25 and Saudi Arabia8 reported utility values, elicited using the EQ-5D, for
individuals treated with OADs alone, insulin alone or with OADs and the study conducted in Ireland also included
a separate category for those treated with OADs plus non-insulin injectables. In both studies, as anticipated, individuals
treated with diet/lifestyle intervention alone had the highest mean or median utility values, followed by those treated with
OADs alone, insulin alone and then insulin in combination with OADs. The use of insulin alone or in combination with
OADs is indicative of more severe disease, which is likely a key factor in the lower utility values reported in these
groups. A total of nine studies reported a value for a utility decrement or benefit associated with insulin
use.7,13,14,18,22,23,31,35,36 However, the findings of these studies were inconsistent, with some reporting a utility benefit
associated with insulin use and others reporting a decrement.

Change in Weight or BMI
Treatment for T2D may result in either weight gain or loss, for example, initiation of insulin is commonly associated with
weight gain and GLP-1 receptor agonists are typically associated with weight loss.

A total of nine studies were identified that reported disutility values associated with either a change in BMI or a change
in bodyweight,13–16,22,24,28,29,34 of which six investigated the effect of a 1-unit change in BMI13–16,29,34 and five investigated
the effects of an absolute or percentage change in bodyweight.16,22,24,28,29 A 1-unit increase in BMI was consistently
associated with a QoL decrement, ranging from −0.002 to −0.0472 in cross-sectional studies of people with T2D based in
Norway and Canada, respectively (Table 2).16,34 Notably, in their Canadian analysis (which used TTO methodology) Lane
et al. noted that the relationship between change in BMI and QoL was non-linear and also strongly influenced by baseline
BMI. Specifically, a 1-unit increase in BMI was associated with an overall mean disutility of −0.0472, but a 1-unit decrease
in BMI was associated with a utility benefit of +0.0171.16 A 1-unit decrease in BMI also had a greater impact on QoL in
those with higher baseline BMI, for people with T2D with a baseline BMI of 18–<25 kg/m2 a 1-unit decrease in BMI was
associated with a utility benefit of +0.0077, whereas for those with a baseline BMI ≥30 kg/m2 the equivalent utility benefit
was substantially greater at + 0.0212.16 This non-linearity was also seen in a study conducted in a general population
sample in South Korea and Taiwan.28 Rajan et al. used SG methodology and reported that overall a 5% weight gain was
associated with a mean disutility of −0.001, but a 5% weight loss was associated with a mean utility benefit of +0.029.28

Treatment-Related Adverse Events
The literature review process identified a total of four studies that presented either utility or disutility values for people
experiencing treatment-related adverse events including UTIs, mycotic genital infections and nausea,17,26,28,33 two of
which were conducted in people with T2D17,26 and two of which were conducted in general population samples.28,33

Three studies examined the effect of gastrointestinal effects/nausea on QoL.26,28,33 In the first of these, Shingler et al.33

used TTO methodology to assess the impact of treatment-related nausea, vomiting or diarrhea in a UK-based general
population sample. The mean (SD) utility value for nausea was 0.68 (0.02) (compared with a mean value of 0.92 for
a reference state of stable well-controlled diabetes). In another study also conducted in a general population sample
(based in South Korea and Taiwan) that used SG methodology the authors reported a disutility of −0.034 for nausea.28 In
the remaining study, conducted in people with T2D and using TTO methodology, Polster et al.26 reported that avoiding
treatment-related nausea for 1 month was associated with a utility benefit of + 0.011. UTIs and mycotic genital infections
were also shown to compromise QoL.17,33 In particular, in their UK-based analysis Shingler et al.33 reported that the
mean (SD) utility value for patients with a mild or moderate UTI was 0.83 (0.01) but for patients with a severe UTI the
corresponding value was considerably lower at 0.73 (0.02).

Dosing Frequency and Flexibility
Five studies were identified that examined the influence of dosing frequency and timing flexibility on QoL in people with
T2D,9,24,26,28,29 of which, three utilized TTO methodology24,26,29 and two utilized SG9,28 (Table 3). Reducing the
frequency of injections, either from daily to once weekly or from twice daily to once daily was consistently shown to
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Table 2 Influence of Change in Body Weight and Change in BMI in T2D on Utility Scores

Health State Study (Country) Method Population Disutility SE 95% CI

BMI

1-unit
increase

Kamradt et al. 2017 (Germany)13 EQ-5D-

3L

T2D −0.0047 0.0016

Kiadaliri et al. 2014 (Sweden)14 EQ-5D-

3L

T2D −0.0060a

Kiadaliri et al. 2014 (Sweden)14 EQ-5D-
3L

T2D −0.0027b

Kontodimopoulos et al. 2012 (Greece)15 EQ-5D-
3L

T2D −0.006 0.002

Kontodimopoulos et al. 2012 (Greece)15 15D T2D −0.003 0.001

Lane et al. 2014 (Canada)16 TTO T2D −0.0472 −0.0569 to
−0.0375

Solli et al. 2010 (Norway)34 EQ-5D T2D −0.002 −0.007 to 0.002

1-unit
decrease

Lane et al. 2014 (Canada)16 TTO T2D +0.0171 −0.0103 to
0.0238

1-unit
change

Riddlestrale et al. 2016 (UK, Denmark,

Sweden)29
TTO UK general population 0.021 0.018 to 0.023c

Riddlestrale et al. 2016 (UK, Denmark,

Sweden)29
TTO Denmark general

population

0.012 0.011 to 0.014c

Riddlestrale et al. 2016 (UK, Denmark,

Sweden)29
TTO Sweden T2D 0.021 0.017 to 0.024c

Weight change

−3% Lane et al. 2014 (Canada)16 TTO T2D +0.012

Rajan et al. 2016 (South Korea, Taiwan)28 SG General population +0.028

−5% Lane et al. 2014 (Canada)16 TTO T2D +0.029

Nauck et al. 2019 (Multinational)22 EQ-5D-
3L

T2D +0.008d −0.001 to 0.016d

Rajan et al. 2016 (South Korea, Taiwan)28 SG General population +0.029

−7% Lane et al. 2014 (Canada)16 TTO T2D +0.037

+3% Lane et al. 2014 (Canada)16 TTO T2D −0.004

Rajan et al. 2016 (South Korea, Taiwan)28 SG General population 0

+5% Lane et al. 2014 (Canada)16 TTO T2D −0.047

Rajan et al. 2016 (South Korea, Taiwan)28 SG General population −0.001

+7% Lane et al. 2014 (Canada)16 TTO T2D −0.106

+1 kg Olofsson et al. 2016 (Sweden)24 TTO General population −0.010e,f

+3 kg Olofsson et al. 2016 (Sweden)24 TTO General population +0.011e,f

+1 kg Olofsson et al. 2016 (Sweden)24 TTO General population +0.008f,g

(Continued)
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confer a small utility benefit. In one UK-based study reducing the frequency of injections once daily to once per week
conferred a mean utility benefit of +0.023, whilst timing flexibility with dosing conferred a mean utility benefit of
+0.006.9

Similarly, a multinational study conducted in a UK and Denmark-based general population sample as well as a group
of people with T2D in Sweden, Ridderstrale et al.29 investigated the effect of various different dosing frequency and
timing flexibility scenarios. Reducing dosing frequency from twice daily to once daily was associated with a utility
benefit of +0.020 and +0.021 in the general population samples in the UK and Denmark, respectively and +0.015 for
people with T2D in Sweden. Further, reducing dosing frequency from four times daily (planned doses) to once daily was
associated with a utility benefit of +0.070, +0.084 and +0.109, respectively across the three groups studied.29 Dosing
flexibility in terms of timing has also been shown to confer a small utility benefit independent of dosing frequency. In
a general population sample based in Sweden, having time flexibility around dosing was associated with a utility benefit
of +0.011. Additionally, when combined the utility benefit associated with one less injection per day and having
flexibility around timing was +0.047.24

Injection Device and Process Characteristics
A total of six studies examined utility benefits/decrements associated with device or process characteristics either alone
or in combination with other treatment-related attributes such as dosing frequency, timing flexibility and the presence of
injection site reaction9–11,19–21 (Table 4). Device attributes and process characteristics investigated included the require-
ment for needle handling, reconstitution of the injected solution, waiting time, and dose selection requirements. All six
studies were conducted in Europe, and five used TTO methodology whilst the remaining study used SG. In the SG study
Boye et al.9 investigated utility benefits/decrements associated with different combinations of factors including the
presence/absence of injection site reaction, injection frequency and dosing timing flexibility, in people with T2D based in
the UK. Reduced dosing frequency, timing flexibility and no injection site reaction were all shown to be associated with
minor utility benefits. In particular, a once weekly injection with dosing timing flexibility and no injection site reaction
was associated with a mean (SD) utility benefit of +0.024 (0.156).9 Two further studies conducted in people with T2D in
the UK and Italy (both with identical methodology) used TTO methods to determine the QoL impact of process
characteristics of a weekly injection including requirement for reconstitution, needle handling and waiting.19,20 In the
UK-based study, a weekly injection with no inconvenience was associated with a disutility of −0.010 relative to oral
treatment alone. In contrast, a weekly injection that required reconstitution, needle handling and waiting time was
associated with a disutility of −0.030 relative to oral treatment alone and −0.020 relative to a weekly injection with no
inconvenience.19 Similar findings were reported in the Italian study where the disutility for a weekly injection with no
inconvenience relative to oral treatment alone was −0.009 and the disutility for a weekly injection with reconstitution,
needle handling and waiting was −0.032 relative to oral treatment alone and −0.022 relative to a weekly injection with no

Table 2 (Continued).

Health State Study (Country) Method Population Disutility SE 95% CI

+3 kg Olofsson et al. 2016 (Sweden)24 TTO General population +0.020f,g

±1 kg Riddlestrale et al. 2016 (UK, Denmark,
Sweden)29

TTO UK general population 0.0073 0.0065 to
0.0081c

Riddlestrale et al. 2016 (UK, Denmark,
Sweden)29

TTO Denmark general
population

0.0041 0.0036 to
0.0046c

Riddlestrale et al. 2016 (UK, Denmark,
Sweden)29

TTO Sweden T2D 0.0068 0.0057 to
0.0081c

Notes: aUK tariff. bSwedish tariff. cRange low 2.5% to high 97.5. dWeight loss of 5% from baseline during 36-month follow-up period, change. eCombination of 1 fixed
injection plus weight gain basal insulin only. fUtility benefit associated with avoiding 1/3 kg weight gain. gCombination of 1 fixed injection plus weight gain basal bolus insulin.
Abbreviations: BMI, body mass index; CI, confidence interval; SE, standard error; SG, standard gamble; TTO, time trade off.
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Table 3 Influence of Dosing Frequency and Flexibility on Utility Scores

Health State Study (Country) Method Population Disutility SD 95% CI

Weekly versus daily injection Boye et al. 2011 (UK)9 SG T2D +0.023 0.158

Dosing timing flexibility Boye et al. 2011 (UK)9 SG T2D +0.006 0.158

Weekly versus daily injection Rajan et al. 2016 (South Korea,

Taiwan)28
SG General

population

+0.043

Once daily flexible dosing versus twice

daily fixed dosing

Polster et al. 2010 (not

reported)26
TTO T2D +0.005

Insulin once daily versus twice daily Riddlestrale et al. 2016 (UK,

Denmark, Sweden)29
TTO UK general

population

+0.020 0.010 to

0.031a

TTO Denmark general

population

+0.021 0.014 to

0.027a

TTO Sweden T2D +0.015 0.0001 to

0.029a

Once daily versus twice daily planning Riddlestrale et al. 2016 (UK,

Denmark, Sweden)29
TTO UK general

population

+0.046 0.035 to

0.058a

TTO Denmark general

population

+0.043 0.036 to

0.051a

TTO Sweden T2D +0.038 0.021 to

0.054a

Once daily versus four times daily

planning

Riddlestrale et al. 2016 (UK,

Denmark, Sweden)29
TTO UK general

population

+0.070 0.057 to

0.082a

TTO Denmark general

population

+0.084 0.075 to

0.093a

TTO Sweden T2D +0.109 0.086 to

0.133a

Twice daily versus twice daily planning Riddlestrale et al. 2016 (UK,

Denmark, Sweden)29
TTO UK general

population

+0.026 0.014 to

0.037a

TTO Denmark general

population

+0.022 0.015 to

0.030a

TTO Sweden T2D +0.023 0.006 to

0.040a

Twice daily versus four times daily

planning

Riddlestrale et al. 2016 (UK,

Denmark, Sweden)29
TTO UK general

population

+0.049 0.037 to

0.062a

TTO Denmark general

population

+0.064 0.055 to

0.072a

TTO Sweden T2D +0.095 0.071 to

0.118a
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inconveniences.20 Another further study by the same authors compared process characteristics associated with
a concentrated formulation of insulin versus standard insulin with attributes of the concentrated formulation including
less injection volume, less effort to press the injection button and fewer pens required. Matza et al. used TTO
methodology to determine mean utility (SD) values of 0.889 (0.103) with the concentrated insulin formulation versus
0.882 (0.104) with the standard insulin formulation.21

Two further studies examined the influence of different injection devices on utility values. Specifically, two studies by
Boye et al. conducted in the UK and Italy compared utility values with once weekly administration of dulaglutide and
semaglutide based on device-related properties including needle handling and dose selection requirement.10,11 In both
studies the dulaglutide administration device was associated with a small utility benefit compared with the semaglutide
device and in people with T2D based in Italy the dulaglutide device was associated with a utility benefit of +0.007
relative to the semaglutide device.10

Discussion
One of the fundamental goals of treatment for people with T2D is to maintain good glycemic control, thereby reducing
the risk for long-term diabetes-related complications, such as cardiovascular disease, that are associated with morbidity,
increased mortality risk and substantial impairments in QoL. Whilst from the perspective of the treating physician
efficacy and safety are the most important characteristics of individual treatments, the findings presented here suggest
that from the patient perspective features such as tolerability, dosing frequency and timing flexibility, convenience and
ease of administration may also have a small but important effect on QoL. Inconveniences such as needle handling and
reconstitution of solutions may be minor and as such often overlooked in clinical trials. However, T2D is a chronic
condition and the cumulative burden of dealing with these small inconveniences on a daily basis may be sufficient to
have a measurable impact on QoL. The impact of treatment on everyday life was investigated in the multinational
DAWN2 study in people with type 1 or type 2 diabetes. Here, 40% of participants noted that their diabetes medications
interfered with their ability to lead a normal life.37 In response to this burden there is increasing recognition that
assessment of patient QoL should form an integral part of routine care, with the recent ADA guidelines noting that
treatment decisions should be a collaborative process between patients and physicians and that patient preferences should
be taken into account.38 Moreover, there is also emerging evidence that the negative QoL effects of treatment-related
gastrointestinal side effects or weight gain may have a detrimental effect on adherence to treatment, which in turn has
been shown to influence effectiveness in terms of achieving glycemic control targets.39 Dosing frequency and device-

Table 3 (Continued).

Health State Study (Country) Method Population Disutility SD 95% CI

Twice daily planning versus four times

daily planning

Riddlestrale et al. 2016 (UK,

Denmark, Sweden)29
TTO UK general

population

+0.023 0.010 to

0.037a

TTO Denmark general

population

+0.041 0.031 to

0.051a

TTO Sweden T2D +0.071 0.047 to

0.096a

1 less injection per day Olofsson et al. 2016 (Sweden)24 TTO General

population

+0.036b,

+0.037c

Time flexibility with injection Olofsson et al. 2016 (Sweden)24 TTO General

population

+0.011b,

+0.010c

1 less injection and time flexibility Olofsson et al. 2016 (Sweden)24 TTO General

population

+0.047b,

+0.048c

Notes: aRange low 2.5% to high 97.5%. bBasal only. cBasal bolus.
Abbreviations: CI, confidence interval; SE, standard error; SG, standard gamble; TTO, time tradeoff; T2D, type 2 diabetes.
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Table 4 Influence of Device-Related Attributes and Process Characteristics on Utility Scores

Study
(Country)

Attribute Method Population Mean SD 95%
CI

Disutility SD

Boye et al.

2011 (UK)9
Utility benefit once weekly dosing (vs daily) dosing

and injection site reaction, flexible dose

SG T2D +0.021 0.160

Utility benefit once weekly dosing (vs daily) dosing

and no injection site reaction, flexible dose

SG T2D +0.024 0.156

Utility benefit once weekly dosing (vs daily) dosing

and injection site reaction, not flexible dose

SG T2D +0.024 0.161

Utility benefit once weekly dosing (vs daily) dosing

and no injection site reaction, not flexible dose

SG T2D +0.022 0.156

Injection site reaction, injection every day, flexible

dose

SG T2D 0.856 0.166 −0.010 0.165

Injection site reaction, injection once a week,

flexible dose

SG T2D 0.877 0.153 −0.013 0.150

Injection site reaction, injection every day, dosing

not flexible

SG T2D 0.848 0.169 −0.012 0.165

Injection site reaction, injection once a week, dosing

not flexible

SG T2D 0.873 0.152 −0.010 0.151

Flexible dosing plus injection site reaction, daily

injection

SG T2D +0.007 0.167

Flexible dosing plus injection site reaction, once

weekly injection

SG T2D +0.005 0.153

Flexible dosing plus no injection site reaction, daily

dosing

SG T2D +0.006 0.163

Flexible dosing plus no injection site reaction, once

weekly dosing

SG T2D +0.008 0.149

Boye et al.

2019
(Italy)10

OAD plus weekly dulaglutide injection (dulaglutide

injection device)

TTO T2D 0.894 0.085 0.882

to
0.905

+0.007a 0.019a

OADs plus weekly semaglutide injection
(semaglutide injection device)

TTO T2D 0.887 0.087 0.875
to

0.898

Boye et al.

2020

(UK)11

Weekly dulaglutide injection TTO T2D 0.878

Weekly semaglutide injection TTO T2D 0.859

(Continued)
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related attributes are also increasingly gaining recognition as influencing QoL, and in turn, adherence and effectiveness.
For example, in a real-world study from 2017 Alatorre et al.40 reported higher levels of adherence for dulaglutide once
weekly compared with exenatide once weekly or liraglutide once daily. Alatorre et al. postulated that the simplicity of the
dulaglutide administration device (a ready-to-use single-dose pen with no needle handling or reconstitution) may have
been a contributing factor to the higher level of adherence reported with dulaglutide, particularly when compared with
exenatide once weekly, which requires reconstitution and needle handling.

Treatment-related changes in BMI or bodyweight that can occur with initiation of insulin or GLP-1 receptor agonists
were also shown to be important determinants of QoL. However, the relationship between change in bodyweight/BMI
and QoL was shown to be non-linear, highly variable in terms of magnitude and influenced by baseline BMI. In terms of
magnitude the reported disutility associated with a 1-unit increase in BMI was from −0.0027 in a study in people with

Table 4 (Continued).

Study
(Country)

Attribute Method Population Mean SD 95%
CI

Disutility SD

Matza et al.

2017
(UK)19

Weekly injection, reconstitution, waiting, needle

handling

TTO T2D 0.858 0.165 −0.030b,
−0.020c

0.073b,

0.042c

Reconstitution, waiting TTO T2D 0.863 0.161 −0.025b,
−0.014c

0.066b,

0.032c

Reconstitution, needle handling TTO T2D 0.868 0.159 −0.020b,
−0.010c

0.063b,

0.027c

Reconstitution TTO T2D 0.874 0.157 −0.014b,
−0.004c

0.058b,

0.016c

Needle handling TTO T2D 0.874 0.156 −0.014b,
−0.004c

0.058b,

0.015c

Weekly injection, no inconvenience TTO T2D 0.878 0.156 −0.010b 0.056b

Matza et al.

2018

(Italy)20

Weekly injection, reconstitution, waiting, needle

handling

TTO T2D 0.868 0.109 −0.032b,
−0.022c

0.059b,

0.052c

Reconstitution, waiting TTO T2D 0.872 0.109 −0.027b,
−0.018c

0.058b,

0.052c

Reconstitution, needle handling TTO T2D 0.879 0.102 −0.020b,
−0.011c

0.040b,

0.030c

Reconstitution TTO T2D 0.884 0.100 −0.015b,
−0.006c

0.032b,

0.021c

Needle handling TTO T2D 0.884 0.101 −0.016b,
−0.006c

0.033b,

0.021c

Weekly injection, no inconvenience TTO T2D 0.890 0.100 −0.009b 0.025b

Matza et al.

2020

(Italy)21

Standard insulin TTO T2D 0.882 0.104 0.867

to

0.897

Concentrated insulin (less injection volume, less

effort to press injection button and fewer pens
required)

TTO T2D 0.889 0.103 0.875

to
0.904

Notes: aBenefit associated with dulaglutide versus semaglutide device. bVersus oral treatment. cVersus weekly injection with no inconvenience.
Abbreviations: CI, confidence interval; OAD, oral antidiabetic drug; SD, standard deviation; SG, standard gamble; T2D, type 2 diabetes; TTO, time trade off.
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T2D in Sweden,14 which used the EQ-5D, to a maximum of −0.0472 in a Canadian study using TTO methodology in
OAD-treated adults with T2D.16 The Canadian study by Lane et al. also noted a non-linear relationship between QoL
and change in BMI with the magnitude of the decrement associated with a 1-unit gain in BMI being approximately two-
fold greater than the magnitude of the utility benefit associated with a 1-unit decrease in BMI.16 This non-linearity was
also observed in a general population SG study conducted in South Korea and Taiwan but here the direction of effect
was the opposite of that reported by Lane et al. In South Korea and Taiwan Rajan et al. noted that the detriment
associated with a 5% gain in body weight was −0.001, whereas the utility benefit associated with 5% loss in body weight
was +0.029.28 Further, in the Canadian analysis the QoL impact of a change in BMI was also strongly influenced by
baseline BMI. The negative impact of BMI gain was greatest in those with the lowest baseline BMI (18–25 kg/m2) but
the benefit of a 1-unit loss in BMI was greatest in those in the highest baseline BMI category (≥30 kg/m2).16 These
findings concur with those of an earlier study by Matza et al.41 Here, the authors reported that a 3% decrease in
bodyweight was associated with a utility benefit of +0.029 for those with a baseline BMI ≥30 kg/m2 but the
corresponding figure for people with BMI <30 kg/m2 was substantially lower at +0.012. These earlier findings align
with those of Lane et al.16 in terms of suggesting that baseline BMI is an important determinant of the value that patients
attach to weight loss (or gain). Consequently, the influence of baseline BMI may also warrant consideration in future
economic modeling analyses, particularly as novel treatments in the GLP-1 receptor analog class are often associated
with weight loss.

It is possible that some of the variation in terms of the QoL impact of change in BMI/bodyweight may be due to
differences in study populations as well as differences in utility elicitation methods used. In studies that focused on
long-term complications, indirect methods, and in particular the EQ-5D, were the most commonly used utility
elicitation methods. This may have been driven in part by their simplicity, meaning that they can relatively easily be
incorporated into clinical studies and also the fact that several Health Technology Assessment (HTA) agencies have
stated that EQ-5D-derived utilities are preferred in economic analyses submitted in applications for reimbursement.42,43

However, for studies that focused on the QoL impact of treatment-related side-effects, attributes and process char-
acteristics, direct methods, including TTO and SG were also commonly used. Whilst these direct methods are more
resource intensive and associated with a higher cognitive burden for respondents, they allow for a highly specific and
nuanced description of health states and may therefore be more amenable to evaluating the impact of states that are
concerned with very specific attributes and inconveniences associated with particular treatments or administration
devices.44 Adaptations of SG and TTO methodology can also be used to more effectively assess the impact of
temporary and/or mildly impaired states. Indeed, two studies included in the current review used chained SG methods
for this purpose9,28 (in chaining, values are anchored to death via an intermediary health state, which allows for greater
sensitivity when evaluating the effect of health states associated with minimal impairment42). The current review shows
that SG and TTO methods have been widely used in studies of treatment-related attributes, possibly due in part to their
sensitivity in terms of assessing the effect of treatment-related impairments and inconveniences. The use of these values
in economic models alongside EQ-5D (or SF-6D or HUI2/3) derived utilities may be a concern to some in terms of
utilizing values from several different sources and methods. However, the descriptive systems used in some generic
preference-based questionnaires may lack the sensitivity to detect subtle treatment- or condition-specific changes in
QoL. For example, the sensitivity of the EQ-5D has been shown to be low relative to other instruments in some specific
conditions such as glaucoma or alcohol dependence.45,46 Therefore, accounting for treatment-related attributes in long-
term health economic models may necessitate the use of a set of utilities drawn from studies using two or more different
elicitation methods.

The current review is one of the first to consolidate information relating to the utility benefits and decrements
associated with attributes specific to treatments for T2D; previous reviews have largely focused on acute and long-
term complications. However, a key limitation of the current analysis is that it was limited to articles published since
2010. The rationale for this was to limit the scope of the review to studies that reflect current clinical practice.
Overall, studies published in the previous 10 years suggest that advances in treatment such as reducing dosing
frequency and increasing timing flexibility, better tolerability, and efforts to make administration of injectable
treatments easier and more convenient are associated with minor benefits in terms of QoL. Collectively, such
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parameters may influence other factors such as willingness to adhere to prescribed treatment regimens and subse-
quently treatment effectiveness. This review summarizes evidence that treatment-related attributes and process
characteristics are associated with minor changes in QoL. These effects should be considered in long-term cost-
utility analyses of new treatments and administration devices, particularly when comparing treatments with similar
efficacy profiles.

Disclosure
WV is a current employee of Ossian Health Economics and Communications, which has received consulting fees from
Eli Lilly. KSB is a current employee and shareholder of Eli Lilly. At the time of the review KN was an employee of Eli
Lilly, she has since left the organization. The authors report no other conflicts of interest in this work.
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