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ABSTRACT

Introduction: Limited data are available on the
relationship between quality of life (QoL) change
and significant degrees of reduction in glycated
haemoglobin (HbA1c) and/or weight loss in
people with type 2 diabetes (T2D). We explored
the associations between HbA1c targets and/or
weight loss achieved and patient-reported out-
comes (PROs) in adults with T2D treated with
tirzepatide, a first-in-class once weekly glucose-
dependent insulinotropic polypeptide and glu-
cagon-like peptide-1 receptor agonist, using
pooled data from SURPASS-1 to -5 Phase 3 clinical
trials.

Methods: PROs were assessed using five instru-
ments at baseline and endpoint (Week 40 in
SURPASS-1, -2 and -5; Week 52 in SURPASS-3
and -4): Impact of Weight on Quality of Life-
Lite Clinical Trials Version; Impact of Weight
on Self-Perception (IW-SP) questionnaire; Abil-
ity to Perform Physical Activities of Daily Living
(APPADL); Diabetes Treatment Satisfaction
Questionnaire change; and EQ-5D-5L. All PROs
were assessed in participants receiving pooled
doses of tirzepatide (5, 10 or 15 mg) and
achieving HbA1c targets of \5.7%,
C 5.7–B 6.5% and [ 6.5% or achieving
C 0–\ 5%, C 5–\10%, C 10–\15% and C 15%
weight loss from baseline at endpoint. The
APPADL, IW-SP and EQ visual analogue scores
were evaluated in participants achieving each
combination of HbA1c target and weight loss.
Results: Achievement of lower HbA1c targets
or higher body weight percentage losses were
each associated with greater improvements in
QoL than achievement of higher HbA1c targets
or lower body weight percentage losses, respec-
tively. Achievement of lower HbA1c targets in
combination with greater weight loss was gen-
erally associated with the best QoL ratings.
Conclusions: Our findings demonstrate that
HbA1c targets and significant percentage body
weight reduction thresholds need to be
achieved for people with T2D to help substan-
tially increase their overall health-related QoL.
Tirzepatide treatment may allow a high

Prior Presentation This manuscript is based on work
that has previously been presented in posters at The
International Diabetes Federation World Congress, 5–8
December 2022 in Lisbon, Portugal.

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s13300-023-01457-7.

K. S. Boye (&) � H. Sapin � C. J. Lee � V. T. Thieu
Eli Lilly and Company, Lilly Corporate Center,
Indianapolis, IN 46285, USA
e-mail: boye_kristina_secnok@lilly.com

W. Dong
TechData Service Company, King of Prussia, PA,
USA

S. Williamson
Greenwich HE&OR Ltd., London, UK

Diabetes Ther (2023) 14:1867–1887

https://doi.org/10.1007/s13300-023-01457-7

http://orcid.org/0000-0002-5953-5929
http://orcid.org/0000-0003-2602-8450
http://orcid.org/0009-0005-2461-1919
http://orcid.org/0000-0002-0824-0207
https://doi.org/10.1007/s13300-023-01457-7
https://doi.org/10.1007/s13300-023-01457-7
https://doi.org/10.1007/s13300-023-01457-7
https://doi.org/10.1007/s13300-023-01457-7
http://crossmark.crossref.org/dialog/?doi=10.1007/s13300-023-01457-7&amp;domain=pdf
https://doi.org/10.1007/s13300-023-01457-7


proportion of people with T2D to achieve these
targets, enabling improved QoL.
Clinical Trial Registration: SURPASS-1: NCT0
3954834; SURPASS-2: NCT03987919; SURPASS-
3: NCT03882970; SURPASS-4: NCT03730662;
SURPASS-5: NCT04039503.

PLAIN LANGUAGE SUMMARY

Limited data exist about the relationship
between quality of life (QoL) and changes in
clinical measures, for example management of
blood sugar levels and weight, in people with
type 2 diabetes. We explored the associations
between glucose and weight loss targets achieved
and QoL outcomes reported by adults treated
with tirzepatide, the first glucose-dependent
insulinotropic polypeptide and glucagon-like
peptide-1 receptor agonist approved for the
treatment of people with type 2 diabetes, using
data from SURPASS-1 to -5 Phase 3 clinical trials.

Five questionnaires, developed to evaluate
patients’ health-related QoL, were completed by
patients at the beginning and end of the clinical
trials, which was after 40 weeks for SURPASS-1, -2
and -5 and after 52 weeks for SURPASS-3 and -4,
or when the person left the trial if this was before
the official end. These questionnaires were: EQ-
5D-5L (SURPASS-1 to -5); Impact of Weight on
Self-Perception questionnaire (SURPASS-1 to -5);
Ability to Perform Physical Activities of Daily
Living (SURPASS-1 to -5); Diabetes Treatment
Satisfaction Questionnaire change (SURPASS-2
to -5); and Impact of Weight on Quality of Life-
Lite Clinical Trials Version (SURPASS-2 only).

Overall, achievement of lower glucose targets
or higher percentage of body weight losses were
each associated with greater improvements in
QoL. Achievement of lower glucose targets in
combination with greater weight loss was gen-
erally associated with the highest health-related
QoL ratings.

Tirzepatide treatment may allow a high pro-
portion of people with type 2 diabetes to
achieve lower glucose levels and higher weight
loss, enabling improved health-related QoL.

Keywords: HbA1c; Patient-reported outcomes;
Quality of life; SURPASS; Tirzepatide; Type 2
diabetes; Weight loss

Key Summary Points

Why carry out this study?

In addition to glycaemic management, the
American Diabetes Association
recommends weight loss for people with
type 2 diabetes with overweight or
obesity; however, few data are available
on the relationship between health-
related quality of life change and different
degrees of reduction in glycated
haemoglobin (HbA1c) and/or weight loss
in this population.

We present data on the associations
between HbA1c targets and/or weight loss
achieved and patient-reported outcomes
in adults treated with tirzepatide, a novel
once weekly glucose-dependent
insulinotropic polypeptide and glucagon-
like peptide-1 receptor agonist approved
for the treatment of people with type 2
diabetes, using pooled data from the
SURPASS-1 to -5 Phase 3 clinical trials.

What was learned from the study?

Achievement of lower HbA1c targets or
higher percentage of body weight losses was
each associated with greater improvements
in quality of life among adults receiving any
dose of tirzepatide (5, 10 or 15 mg) in
SURPASS-1 to -5 than achievement of
higher HbA1c targets or lower percentage of
body weight losses, respectively.
Achievement of lower HbA1c targets in
combination with greater weight loss was
generally associated with the highest
health-related quality of life ratings.

These findings demonstrate that HbA1c
targets and adequate percentage body
weight reduction thresholds need to be
achieved for people with type 2 diabetes
to help substantially increase their overall
health-related quality of life.
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INTRODUCTION

Glucose-lowering medications (GLMs) com-
bined with healthy lifestyle changes are rec-
ommended to achieve glycaemic targets in the
treatment of type 2 diabetes (T2D) [1]. In addi-
tion to glycaemic management, the American
Diabetes Association (ADA) recommends
weight loss C 5% for people with T2D with
overweight or obesity [2]. However, higher
weight loss goals ([ 10%) are clinically relevant,
particularly for those with a body mass index
(BMI) of C 35 kg/m2, given the evidence for
further benefits in reducing cardiovascular risk
and obesity-related comorbidities [3, 4].

T2D is a progressive disease and maintaining
glycaemic and weight management over time
often requires treatment intensification [1, 5].
Tirzepatide, a first-in-class once weekly glucose-
dependent insulinotropic polypeptide (GIP)
and glucagon-like peptide-1 (GLP-1) receptor
agonist, is approved for treatment of people
with T2D [6, 7] and is under investigation for
chronic weight management. In the SURPASS-1
to -5 Phase 3 clinical trials, tirzepatide resulted
in statistically significant and clinically mean-
ingful reductions in glycated haemoglobin
(HbA1c), enabling many people with T2D to
achieve HbA1c \5.7% [8] and substantial
weight reduction [9–13].

The medical management of T2D, along
with lifestyle changes, has consequences for the
patient’s quality of life (QoL); therefore, the
measurement of health-related patient-reported
outcomes (PROs) in clinical trials of new medi-
cations is increasingly being recognised as of
importance. For example, the Institute for
Clinical and Economic Review ‘Tirzepatide for
Type 2 Diabetes: Final Policy Recommenda-
tions’ published in 2022 stated that the ‘inclu-
sion of several validated QoL measures…are to
be commended and should be replicated by all
manufacturers when designing trials testing
new therapies to treat T2D’ [14]. PRO measures
complement clinical assessments, providing
additional information to support decision-
making regarding the right treatment strategy
for an individual with T2D. In fact, current ADA
guidance recommends that patient preference

and experience play a major role in decisions
made by healthcare providers (HCPs) and
should form part of the discussion when
choosing a treatment for individual patients
[15]. However, little research has been pub-
lished in terms of the relationship between QoL
change and degrees of reduction in HbA1c and/
or weight loss in patients with T2D.

Improvements in PROs were observed in
people with T2D treated with tirzepatide 5, 10
or 15 mg across the SURPASS-1 to -5 Phase 3
clinical trials [16]. Furthermore, a recent study
found a statistically significant but modest cor-
relation between HbA1c and body weight
change with tirzepatide treatment in people
with T2D in several SURPASS studies, suggesting
that both weight-independent and -dependent
mechanisms are responsible for improvements
in glycaemic improvements induced by tirze-
patide [17]. Therefore, our objective was to
explore the associations between HbA1c targets
and/or weight loss achieved and PROs in adults
with T2D treated with tirzepatide 5, 10 or 15 mg
using pooled data from the SURPASS-1 to -5
Phase 3 clinical trials, thus making a unique
contribution to the literature in T2D. PRO data
for the individual tirzepatide dose groups and
all comparators from the SURPASS-1 to -5 Phase
3 clinical trials have been published in detail
elsewhere [16].

METHODS

Participants and Study Design

Details of each of the five SURPASS clinical trials
used for this analysis, including key inclusion
and exclusion criteria, have been published
elsewhere [9–13]. In brief, SURPASS-1 to -5 were
Phase 3, randomised, parallel group, multina-
tional trials of 40- or 52-weeks treatment dura-
tion that compared the efficacy and safety of
once weekly tirzepatide 5, 10 or 15 mg admin-
istered by subcutaneous injection versus pla-
cebo or active comparator in adults with T2D at
Week 40 (SURPASS-1, -2 and -5) or Week 52
(SURPASS-3 and -4) as the primary endpoint. A
summary of the design of these studies is
included in Fig. 1.
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This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors. Study protocols were
approved by local ethics review boards, and all

participants provided written informed con-
sent. All studies were conducted in accordance
with the Declaration of Helsinki and Good
Clinical Practice guidelines [18].

Fig. 1 SURPASS-1 to -5 Phase 3 clinical trial study
design. Analyses were conducted on the modified intent-
to-treat efficacy data set composed of all randomly assigned
participants exposed to at least one dose of tirzepatide and
assigned to tirzepatide at randomisation regardless of the
treatment received. Observations occurring after rescue
therapy with another GLM or treatment discontinuation

were excluded. For patients with missing values at
endpoint, last observation prior to treatment discontinu-
ation or rescue therapy was carried forward. GLM glucose-
lowering medication, N number of subjects, QW once
weekly, SGLT-2i sodium-glucose co-transporter-2 inhibi-
tor, SU sulphonylurea
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PRO Measures

PROs were assessed using five instruments in
the SURPASS-1 to -5 Phase 3 clinical trials (see
Table 1), which have been described in detail in
a previous publication [16]. Overall health-re-
lated QoL was measured using the EQ-5D-5L
instrument [19], while treatment satisfaction
was evaluated using the Diabetes Treatment
Satisfaction Questionnaire change (DTSQc)
[20]. Different concepts associated with weight-
related QoL were measured using three further
instruments: Impact of Weight on Quality of
Life-Lite Clinical Trials Version (IWQOL-Lite-
CT) [21], Impact of Weight on Self-Perception
(IW-SP) questionnaire [22] and Ability to Per-
form Physical Activities of Daily Living
(APPADL) [23, 24].

The PRO instruments selected for each SUR-
PASS clinical trial were determined by the
overall study characteristics and availability of
the measures at the time of protocol approval.
Therefore, not all PROs were included in all five
studies; the IWQOL-Lite-CT was only utilised in
SURPASS-2 and the DTSQc was only used in
SURPASS -2 to -5. The EQ-5D-5L, IW-SP and
APPADL were utilised in SURPASS-1 to -5.

PROs were assessed at baseline and endpoint
(Week 40 for SURPASS-1, -2 and -5; Week 52 for
SURPASS-3 and -4) or early discontinuation and
were scored according to the developer’s
guidelines. In the presence of missing items,
calculation of PRO scores was handled accord-
ing to the developer’s instructions. Higher PRO
scores indicate better outcomes for all measures
[19–24], except the DTSQc hypoglycaemia and
hyperglycaemia scores, for which lower scores
indicate a decrease in perceived frequency of
time of unacceptably low or high blood glucose,
respectively (Table 1) [20]. Higher EQ-5D-5L
index, EQ visual analogue scale (VAS) and
DTSQc total treatment satisfaction scores indi-
cate higher health utility, better self-rated
health status and greater improvements in
treatment satisfaction, respectively [19, 20]. In
terms of weight-related QoL, higher IWQOL-
Lite-CT, IW-SP and APPADL scores indicate
higher levels of functioning associated with
weight, better self-perception in relation to

weight and better self-reported APPADL,
respectively (Table 1) [21–24].

Outcomes Described

In these analyses, all PROs included in SUR-
PASS-1 to -5 were assessed in participants
receiving any dose of tirzepatide (5, 10 or
15 mg) and achieving HbA1c (%) targets of
\5.7% (the clinical threshold defining normal
blood glucose), C 5.7 to B 6.5% (the clinical
range defining pre-diabetes) and [ 6.5% (the
clinical threshold defining diabetes) at study
endpoint [8]. In addition, all PROs were evalu-
ated in participants receiving any dose of tirze-
patide and achieving percentage reductions of
C 0.5 to \1.0%, C 1.0 to \1.5%, C 1.5 to
\2.0% and C 2.0% in HbA1c (%) from baseline
at study endpoint to account for variations in
baseline HbA1c (%) values.

Regarding weight loss, all PROs included in
SURPASS-1 to -5 were assessed in participants
receiving any dose of tirzepatide (5, 10 or
15 mg) and achieving C 0 to \ 5%, C 5 to
\10%, C 10 to \15% and C 15% weight loss
from baseline at study endpoint. Furthermore,
to explore the relationship between HbA1c (%),
weight loss and QoL, selected weight-related
PROs without ceiling effects (IW-SP and
APPADL) and self-rated health status (EQ VAS)
were evaluated in SURPASS-1 to -5 participants
receiving any dose of tirzepatide and achieving
each combination of HbA1c (%) target (\5.7%,
C 5.7 to B 6.5% and [ 6.5%) and weight loss
(C 0 to\5%, C 5 to\10%, C 10 to\15% and
C 15%) from baseline at study endpoint.

Statistical Methods

Data from all participants treated with tirzepa-
tide in the five studies were pooled, regardless of
dosage; therefore, the pooled treatment group
included participants receiving tirzepatide 5, 10
or 15 mg in SURPASS-1 to -5. Statistical analyses
were performed on the modified intent-to-treat
population efficacy data set composed of all
randomly assigned participants exposed to at
least one dose of tirzepatide regardless of the
treatment received. Participants who
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discontinued tirzepatide because of inadvertent
study enrolment, with missing baseline or
endpoint HbA1c (%) or weight data, as appro-
priate, or with missing baseline PRO value and/
or without C 1 post-baseline PRO value were
excluded. Observations occurring after rescue
therapy with another GLM or treatment dis-
continuation were excluded (efficacy estimand).

Baseline demographic and clinical charac-
teristics were summarised descriptively: mean
(standard deviation [SD]) for continuous data
and n (%) for categorical data. p-values pre-
sented for pooled SURPASS-1 to -5 participants
by HbA1c categories and weight loss categories
achieved at endpoints, when applicable, were
calculated using analysis of variance (ANOVA)
for continuous data and Chi-square test for
categorical data.

Change from baseline was calculated for all
HbA1c (%) target, percentage HbA1c (%)
reduction and weight loss categories across all
PRO instruments. The last post-baseline obser-
vation prior to treatment discontinuation or
rescue therapy was carried forward to impute
missing post-baseline values. Descriptive statis-
tics were calculated for the PRO variables: mean,
SD and 95% confidence intervals (CIs) for con-
tinuous variables; absolute and relative fre-
quencies for categorical variables.

Additional analyses using an analysis of
covariance (ANCOVA) model adjusted for base-
line clinical characteristics, including gender
(weight analyses only), duration of T2D, anti-
hyperglycaemic drug use, fasting serum glucose,
PRO value and HbA1c (%) concentration or
weight (kg), as appropriate, were undertaken to
account for differences at baseline between par-
ticipants in HbA1c (%) target achieved and
weight loss categories at endpoint. All statistical
analyses were performed using SAS, version 9.4
(The SAS Institute, Cary, NC, USA).

RESULTS

Baseline Demographic and Clinical
Characteristics

Overall, 4199 adults with T2D were treated with
once weekly tirzepatide 5, 10 or 15 mg in the

SURPASS-1 to -5 Phase 3 clinical trials. Statisti-
cally significant differences in several baseline
demographic and clinical characteristics were
observed between tirzepatide-treated partici-
pants in different HbA1c (%) target achieved at
endpoint categories and between tirzepatide-
treated participants in different endpoint
weight loss categories at endpoint (Table 2).
Participants achieving HbA1c \5.7% at end-
point were younger, had lower baseline HbA1c
(%) and fasting serum glucose levels, and
shorter duration of disease compared with par-
ticipants with HbA1c C 5.7% at endpoint.
Similarly, participants achieving greater weight
loss at endpoint (i.e. C 15% weight loss from
baseline) were younger, were more likely to be
female, had lower baseline HbA1c (%), had
lower fasting serum glucose levels and had
lower baseline weight compared with partici-
pants in lesser weight loss categories at end-
point (i.e. \ 15% weight loss from baseline).
Table S1 in the electronic Supplementary
Material reports baseline demographic and
clinical characteristics by category of percentage
reduction in HbA1c (%) achieved from baseline
to endpoint.

Association Between HbA1c Levels
and PROs

At endpoint, improvements from baseline were
observed for all PRO measures across all HbA1c
(%) target achieved categories (\ 5.7%, C 5.7 to
B 6.5% and[ 6.5%), indicating enhanced QoL
after initiation of tirzepatide (Fig. 2). Achieve-
ment of lower HbA1c (%) targets at endpoint
was generally associated with greater improve-
ments in PRO measures compared with
achievement of higher HbA1c (%) targets. For
example, improvements in IWQOL-Lite-CT
composite and total scores, IW-SP and APPADL
total scores increased as lower endpoint HbA1c
(%) targets were achieved, with the largest
improvements from baseline being observed in
participants achieving HbA1c\5.7% at end-
point (Fig. 2A–C). Higher DTSQc total scores at
endpoint were observed for those participants
achieving HbA1c \5.7% and C 5.7 to B 6.5%
targets at endpoint compared with those
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Fig. 2 PROs for adults with type 2 diabetes treated with tirzepatide (any dose*) achieving HbA1c (%) targets of\ 5.7%,
C 5.7% to B 6.5% or[ 6.5% at endpoint in SURPASS-1 to -5. A Changes from baseline in IWQOL-Lite-CT composite
and total scores at endpoint. B Changes from baseline in IW-SP total score� at endpoint. C Changes from baseline in
APPADL total score� at endpoint. D Endpoint DTSQc total treatment satisfaction scores. E Endpoint DTSQc
hypoglycaemia and hyperglycaemia scores. F Changes from baseline in EQ-5D-5L index score at endpoint. G Changes from
baseline in EQ VAS at endpoint. *Any dose = 5, 10 or 15 mg administered by subcutaneous injection once weekly. �

Transformed IW-SP and APPADL scores presented above have been linearly transformed from raw scores to a scale of
0–100. IWQOL-Lite-CT was only measured in SURPASS-2. DTSQc was only measured in SURPASS-2 to -5. All other
PROs were measured in all five SURPASS studies. APPADL Ability to Perform Physical Activities of Daily Living, CI
confidence interval, DTSQc Diabetes Treatment Satisfaction Questionnaire change, HbA1c glycated haemoglobin, IWQOL-
Lite-CT Impact of Weight on Quality of Life-Lite Clinical Trials Version, IW-SP Impact of Weight on Self-Perception,
PRO patient-reported outcome, VAS visual analogue scale
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achieving HbA1c[6.5% (Fig. 2D). Although
DTSQc hypoglycaemia scores at endpoint were
similar across all HbA1c (%) target categories,
improvements in DTSQc hyperglycaemia scores
were observed as lower endpoint HbA1c (%)
targets were achieved (Fig. 2E). Improvements
in EQ-5D-5L index score and EQ VAS also
increased as lower endpoint HbA1c (%) targets
were achieved (Fig. 2F, G). Results of the
ANCOVA analyses by HbA1c (%) target
achieved at endpoint for all PROs, adjusted
according to baseline characteristics, were gen-
erally aligned with those of the descriptive
analyses (Table S2 in the electronic Supple-
mentary Material). Moreover, analyses of all
PROs in participants receiving any dose of tir-
zepatide and achieving percentage reductions of
C 0.5 to \1.0%, C 1.0 to \1.5%, C 1.5 to
\2.0% and C 2.0% in HbA1c (%) from baseline
showed similar results; reduction in HbA1c level

was associated with improved weight-related
and overall QoL, with greater improvement
generally observed in participants achieving
larger HbA1c reductions (Fig. S1 in the elec-
tronic Supplementary Material).

Association Between Weight Loss
and PROs

Improvements from baseline to endpoint were
also observed for all PRO measures across all
weight loss categories, confirming enhanced
QoL after initiation of tirzepatide (pooled doses)
(Fig. 3). Greater weight loss at endpoint was
generally associated with larger improvements
in PRO measures compared with lesser weight
loss. Improvements in IWQOL-Lite-CT com-
posite and total scores, IW-SP and APPADL total
scores increased as greater weight loss at end-
point was achieved; the largest improvements
from baseline were observed in participants
achieving C 15% weight loss at endpoint
(Fig. 3A–C). Higher DTSQc total scores at end-
point were observed for participants in the C 10
to \15% and C 15% weight loss categories at
endpoint compared with those in the lowest
weight loss category (C 0 to \ 5% weight loss
from baseline) (Fig. 3D). DTSQc hypoglycaemia
and hyperglycaemia scores at endpoint tended
to improve with increasing weight loss,
although this trend was not consistent in the
highest weight loss category (C 15% weight loss
from baseline) (Fig. 3E). Changes from baseline
in EQ-5D-5L index scores were greater in the
highest weight loss category (C 15% weight loss
from baseline) compared with the lower weight
loss categories (C 0 to\5% and C 5 to\10%)
(Fig. 3F). Furthermore, changes from baseline in
EQ VAS were greater with increasing weight loss
at endpoint, indicating better self-rated health
status for tirzepatide-treated participants
achieving the greatest weight loss (Fig. 3G).
Results of the ANCOVA analyses by weight loss
category at endpoint for all PROs, adjusted
according to baseline characteristics, were gen-
erally aligned with those of the descriptive
analyses (Table S2 in the electronic Supple-
mentary Material).

Fig. 2 continued
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Associations Among HbA1c Levels, Weight
Loss and Weight-Related PROs

Overall, the trends in PROs observed in the
separate HbA1c (%) target and weight loss
analyses described above were generally
observed in the three-way analyses of selected
PROs in SURPASS-1 to -5 participants receiving
any dose of tirzepatide and achieving each
combination of HbA1c (%) target (\5.7%,
C 5.7 to B 6.5% and [ 6.5%) and weight loss
category (C 0 to \5%, C 5 to \10%, C 10 to
\15% and C 15%) from baseline, although
small sample sizes in some combination cate-
gories resulted in wide CIs (Fig. 4). Achievement
of lower HbA1c (%) targets in combination with
greater weight loss at endpoint was generally
associated with larger improvements in PRO
measures compared with achievement of higher
HbA1c (%) targets and lesser weight loss.

The largest improvements from baseline to
endpoint in IW-SP total score were observed for
participants achieving HbA1c\5.7% or C 5.7
to B 6.5% targets and C 15% weight loss at
endpoint (Fig. 4A). Regarding changes from
baseline in APPADL total score, the trend in
terms of weight loss observed in the two-way
analyses described above remained strong, with
improvements in self-reported APPADL
increasing with greater weight loss at endpoint;
however, the association with HbA1c (%) target
achieved at endpoint was less visible, poten-
tially because of outliers and/or small sample
sizes in some combination categories (Fig. 4B).
Changes from baseline in self-rated health sta-
tus, as measured by EQ VAS, increased as lower
HbA1c (%) targets and greater weight loss were
achieved, although the effect of weight loss
appeared to be lost among those patients in the
HbA1c[ 6.5% target category (Fig. 4C). The
largest improvements from baseline to end-
point in EQ VAS were observed for participants
achieving HbA1c\ 5.7% and C 15% weight
loss at endpoint, with all tirzepatide-treated
participants who achieved HbA1c\5.7% at
endpoint showing greater improvements in self-
rated health status than those achieving
HbA1c C 5.7 to B 6.5% or [6.5% targets,
within each weight loss category at endpoint.

DISCUSSION

We have described associations for achieved
HbA1c targets and/or weight loss categories
with PROs evaluating overall QoL, treatment
satisfaction and patient perspectives on weight-
related attributes in people with T2D treated
with 5, 10 or 15 mg tirzepatide in the SURPASS-
1 to -5 Phase 3 clinical trials. Overall, once
weekly tirzepatide 5, 10 or 15 mg improved
outcomes across all PROs measured at study
endpoint, indicating improvements in func-
tioning associated with weight, self-perception
in relation to weight, self-reported APPADL,
self-rated health status and satisfaction with
treatment.

In SURPASS-1 to -5, glycaemic improvement
was associated with improved PROs, with the
greatest improvement observed in participants
achieving lower HbA1c (%) targets with tirze-
patide treatment. Although current guidelines
on the management of T2D recommend an
HbA1c goal of \ 7% without significant hypo-
glycaemia for many non-pregnant adults, they
also state that achievement of even lower
HbA1c levels may be acceptable and even ben-
eficial if it can be achieved safely and judged
appropriate by the treating HCP and preferred
by the patient [25], thereby also highlighting
the importance now placed on the patients’
perspective and engagement with disease man-
agement in achieving better clinical outcomes.

As a first-in-class GIP/GLP-1 receptor agonist,
the first new class of diabetes medication
introduced in nearly a decade [6, 26], tirzepatide
treatment has resulted in statistically significant
and clinically meaningful reductions in HbA1c
and weight loss compared to placebo and sev-
eral active comparators in clinical trials,
including semaglutide, a selective GLP-1 recep-
tor agonist [9–13]. Furthermore, across all five
studies, treatment with tirzepatide 5, 10 or
15 mg resulted in greater improvements in
people’s QoL at the end of the study compared
with placebo or treatment with the comparators
[16], The results of our analyses suggest there-
fore that the ability of tirzepatide to reduce
HbA1c so that targets are achieved by a greater
proportion of people with T2D than has
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Fig. 3 PROs for adults with type 2 diabetes treated with tirzepatide (any dose*) achieving 0 B to\ 5%, 5 B to\ 10%,
10 B to\ 15% or C 15% weight loss at endpoint in SURPASS-1 to -5. A Changes from baseline in IWQOL-Lite-CT
composite and total scores at endpoint. B Changes from baseline in IW-SP total score� at endpoint. C Changes from
baseline in APPADL total score� at endpoint. D Endpoint DTSQc total treatment satisfaction scores. E Endpoint DTSQc
hypoglycaemia and hyperglycaemia scores. F Changes from baseline in EQ-5D-5L index score at endpoint. G Changes from
baseline in EQ VAS at endpoint. *Any dose = 5, 10 or 15 mg administered by subcutaneous injection once weekly. �

Transformed IW-SP and APPADL scores presented above have been linearly transformed from raw scores to a scale of
0–100. IWQOL-Lite-CT was only measured in SURPASS-2. DTSQc was only measured in SURPASS-2 to -5. All other
PROs were measured in all five SURPASS studies. APPADL Ability to Perform Physical Activities of Daily Living, CI
confidence interval, DTSQc Diabetes Treatment Satisfaction Questionnaire change, IWQOL-Lite-CT Impact of Weight on
Quality of Life-Lite Clinical Trials Version, IW-SP Impact of Weight on Self-Perception, PRO patient-reported outcome,
VAS visual analogue scale
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previously been seen with GLM, results in
improved health-related QoL for these patients.

Measuring the QoL impact of weight loss is
important for people with T2D as many also
have obesity, which is well known to negatively
impact health-related QoL [27]. In addition, the
detrimental effect of increasing BMI on the
health-related QoL of people with T2D has been
reported in the literature. For example, in the
European PANORAMA study, which measured
health-related QoL in 5813 people with T2D
using the Audit of Diabetes-Dependent Quality
of Life, multivariable analysis indicated that
having a lower BMI was significantly associated
with better health-related QoL and a better
health state on the EQ VAS (p\0.001) [28].
Weight loss was associated with improved
PROs, including physical functioning, in this
analysis of participants treated with tirzepatide
in SURPASS-1 to -5, with the greatest improve-
ment observed in participants achieving higher

weight loss percentages. The ADA recommends
that a medication’s effect on weight should be
considered when choosing GLMs for people
with T2D and overweight or obesity as these
individuals ‘may benefit from modest or larger
magnitudes of weight loss’ [2]. The T2D man-
agement guidelines highlight that ‘larger sus-
tained weight losses ([10%) usually confer
greater benefits, including disease-modifying
effects and possible remission of T2D, and may
improve long-term cardiovascular outcomes
and mortality’ [2]. These recommendations
reflect the available evidence from secondary
analyses of the Look AHEAD (Action for Health
in Diabetes) trial and other large cardiovascular
outcome studies, which have also documented
additional weight loss benefits in people with
T2D who achieved[10% weight loss, including
improved mobility, physical and sexual func-
tion and health-related QoL [29, 30].

Our study is an important addition to the
literature on this topic, as the opportunity to
evaluate the association between QoL and the
high levels of weight loss achieved with tirze-
patide treatment (e.g. [10% weight loss) in a
T2D population using relevant PRO measures
has not previously arisen. Along with glycaemic
improvement, tirzepatide treatment has
demonstrated substantial weight reduction
effects in the SURPASS-1 to -5 Phase 3 clinical
trials [9–13]. In the SURPASS-2 study, reductions
in body weight were greater with tirzepatide 5,
10 and 15 mg than with semaglutide 1 mg (the
approved dosage at the time of the study; least
squares mean estimated treatment difference
- 1.9 kg, - 3.6 kg and - 5.5 kg, respectively;
p\0.001 for all comparisons) [10]. The results
of our study support the theory that greater
weight loss results in better QoL in this patient
population, based on the SURPASS-1 to -5
studies, which provide a rich source of data that
has not previously been available for GLMs.

The results of our three-way analyses of PROs
in study participants achieving each combina-
tion of HbA1c (%) target and weight loss from
baseline suggest that achievement of lower
HbA1c (%) targets in combination with greater
weight loss is generally associated with
enhanced QoL. Perhaps as expected, PROs
derived from measures evaluating different

Fig. 3 continued
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concepts associated with weight-related QoL
appeared to be more affected by greater weight
loss in our analyses.

Limitations

Limitations of these analyses include the
administration of PRO measures in a clinical
trial setting. As a result, reported PROs may not
reflect those that may be observed in a real-
world setting, where people with T2D may have
less contact with/support from HCPs. Further-
more, the open-label study design of SURPASS-
2, -3 and -4 may have influenced participants to
over- or underestimate their treatment assess-
ments based on their beliefs regarding their
assigned treatment. Although PRO changes
were measured at the same time as changes in
HbA1c (%) and weight in each trial, not all
measurements were taken at the same time
point across trials (i.e. Week 40 or 52) and
weight loss had not plateaued in the SURPASS-1
to -5 Phase 3 clinical trials; therefore, continued
weight reduction may have occurred, and PROs
could have improved further with a longer fol-
low-up period. Furthermore, the health-related
QoL outcomes associated with tirzepatide in
this analysis were limited to the PRO instru-
ments used in the clinical trials. For example,
additional factors influencing health-related
QoL, such as satiety, vitality, lack of worry and
overall mental health, were not captured.

Finally, the sample sizes in some combination
HbA1c (%) target achieved/weight loss from
baseline categories in the three-way analyses
were low; therefore, results should be inter-
preted with caution.

CONCLUSION

Achievement of lower HbA1c (%) targets or
higher percentage of body weight losses were
each associated with greater improvements in
health-related QoL among adults receiving any
dose of tirzepatide in SURPASS-1 to -5 than
achievement of higher HbA1c (%) targets or
lower percentage of body weight losses, respec-
tively. Furthermore, achievement of lower
HbA1c (%) targets in combination with greater
weight loss was generally associated with the
highest QoL ratings. The findings of this analy-
sis therefore demonstrate that HbA1c (%) tar-
gets and significant percentage body weight
reduction thresholds need to be achieved to
help people with T2D substantially increase
their overall health-related QoL. Treatment
with tirzepatide may allow a high proportion of
people with T2D to achieve these targets and
thereby have improved QoL.
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