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Abstract

Aim: To assess what drives change in health-related quality of life (HRQoL) in type

2 diabetes in the SUSTAIN 6 trial and identify potential mediators of the treatment

effect of semaglutide on HRQoL scores.

Materials and Methods: The Short Form (SF)-36v2® questionnaire [comprising physical

component summary (PCS) and mental component summary (MCS)] was used to assess

changes in HRQoL from baseline to week 104, by treatment, in a prespecified analysis.

This post-hoc analysis assessed change in PCS and MCS using the following factors as

parameter/covariate, using descriptive statistics and linear regressions: major adverse

cardiac events, hypoglycaemia, gastrointestinal adverse events, at least one episode of

nausea, vomiting or diarrhoea, and change in glycated haemoglobin (HbA1c), body

weight, blood pressure, heart rate and estimated glomerular filtration rate.

Results: Mean change in overall PCS score was +1.0 with semaglutide versus +0.4 with

placebo, and +0.5 versus −0.2 for MCS. The treatment effect of semaglutide versus pla-

cebo (unadjusted estimate) was 0.7 [(95% confidence interval 0.1, 1.2); P = 0.018] on

PCS and this was reduced when adjusted for change in HbA1c [0.4 (−0.2, 1.0),

P = .167] and body weight [0.3 (−0.3, 0.9), P = .314]. The unadjusted treatment effect

on MCS [0.7 (−0.0, 1.5), P = .054] was only reduced when adjusted for change in

HbA1c [0.3 (−0.4, 1.1), P = .397]. When adjusting for all other parameters separately,

the estimated effect of semaglutide on PCS and MCS qualitatively did not change.

Conclusions: Semaglutide improved HRQoL versus placebo; greater improvements

with semaglutide versus placebo were possibly mediated, in part, by change in HbA1c

and body weight.

Clinicaltrials.gov: NCT01720446 (SUSTAIN 6).
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1 | INTRODUCTION

Type 2 diabetes (T2D) is often associated with reduced health-related

quality of life (HRQoL), including factors such as depression, worries,

self-care and functional ability.1–3 As per American Diabetes Associa-

tion (ADA)/European Association for the Study of Diabetes (EASD)

guidelines, one of the goals of care for T2D is to optimize and main-

tain the quality of life of patients.4 To understand better how diabetes

management may affect HRQoL, it is now routinely included as an

endpoint in clinical and observational trials. The Short Form-36 health

survey, version 2® (SF-36v2®) is a validated and widely used tool to

assess patient-reported HRQoL in such trials.5

Therapy with glucagon-like peptide-1 receptor agonists (GLP-

1RAs) has been shown to have a beneficial effect on HRQoL and

treatment satisfaction in both randomized controlled trials (RCTs) and

real-world observational studies.6–10 Semaglutide (Novo Nordisk,

Denmark) is a GLP-1 analogue approved as a once-weekly subcutane-

ous (s.c.) treatment for T2D,11,12 and as a daily oral treatment for

T2D.13,14 In the SUSTAIN phase 3a global clinical trial programme,

larger, clinically relevant reductions in glycated haemoglobin (HbA1c)

and body weight were seen with once-weekly s.c. semaglutide versus

comparators (GLP-1RA, dipeptidyl peptidase 4 inhibitor, basal insulin

or placebo), together with a low risk of hypoglycaemia.15–21 In SUS-

TAIN 6 and PIONEER 6 trials, once-weekly and oral semaglutide

reduced the occurrence of major adverse cardiovascular events

(MACE) versus placebo in patients with T2D and high cardiovascular

disease (CVD) risk.20,22

In the SUSTAIN 2–5 and 7 trials, HRQoL, as measured by SF-

36v2®, was generally similar or improved significantly with semaglutide

versus comparators.16–19,21

SUSTAIN 6 was a 2-year, randomized, double-blind, placebo-con-

trolled, event- and time-driven, pre-approval, cardiovascular (CV) out-

comes trial with once-weekly s.c. semaglutide (n = 1648) versus

placebo (n = 1649) in patients with T2D at high risk of CV events.20

Change in HRQoL, as measured by SF-36v2®, was a prespecified sec-

ondary endpoint in the trial. Changes from baseline to week 104 were

significantly greater for semaglutide 1.0 mg compared with placebo

(physical component summary [PCS]: 1.7 versus 0.3; P = 0.0004 and

mental component summary [MCS] 0.9 versus −0.1; P = 0.0489).23

The aim of this post-hoc analysis of the SUSTAIN 6 trial was to

understand better what drives change in HRQoL for patients with T2D

and to investigate the potential mediators of the treatment effect of

semaglutide on HRQoL scores. Specifically, we evaluated: (a) association

of relevant factors [occurrence of MACE, hypoglycaemia and gas-

trointestinal (GI) adverse events (AEs) during the trial, as well as

change in HbA1c, body weight, systolic and diastolic blood pres-

sure (SBP, DBP), heart rate and estimated glomerular filtration rate

(eGFR) at end of trial] with change from baseline in HRQoL

outcomes in the overall (pooled) trial population, irrespective of

treatment; (b) effect of semaglutide (pooled) versus placebo

(pooled) on HRQoL outcomes; and (c) whether the above-named

relevant factors mediate the effect of semaglutide on HRQoL

outcomes.

2 | MATERIALS AND METHODS

2.1 | Trial design

The trial design of SUSTAIN 6 has been reported previously in

detail.20 Briefly, in total, 3297 patients were randomized 1:1:1:1 to

receive once-weekly s.c. semaglutide 0.5 or 1.0 mg or volume-

matched placebo, which maintained blinding within dose, added to

standard of care (Figure S1; see Supporting Information). Patients with

T2D and HbA1c ≥7% (53 mmol/mol) were eligible if they had not

been treated with an antihyperglycaemic drug or had been treated

with no more than two oral antihyperglycaemic agents, with or with-

out basal or premixed insulin. Key inclusion criteria were age

≥50 years with established CVD (previous CV, cerebrovascular or

peripheral vascular disease), chronic heart failure (New York Heart

Association class II or III) or chronic kidney disease stage 3 or higher

or age ≥60 years with at least one CV risk factor.20 The trial was con-

ducted in compliance with the International Conference on

Harmonisation Good Clinical Practice guidelines and the Declaration

of Helsinki.24 The protocols were approved by local ethics committees

and institutional review boards. Written informed consent was

obtained from all patients before trial commencement.20

2.2 | Study endpoints

Key prespecified endpoints of SUSTAIN 6 have been described previ-

ously.23 Change from baseline in patient-reported HRQoL was a

prespecified secondary endpoint.23

2.3 | Health-related quality of life assessment

The SF-36v2® questionnaire was used to assess changes in HRQoL

from baseline to week 104. The SF-36v2® measures HRQoL across

two distinct concepts, PCS and MCS, and comprises 36 items across

four physical health domains (general health; role: physical; physical

functioning; bodily pain) and four mental health domains (mental

health; vitality; role: emotional; social functioning).25 The items in each

domain are listed in the user’s manual for the SF-36v2® Health Survey

(3rd edition).26 A norm-based scoring is used for the SF-36v2®, set-

ting the general population mean to 50 for each domain, with higher

and increasing scores indicating better health.27 The means, standard

deviations and factor score coefficients used in scoring come from the

general US population.28 There is no single overall score for SF-

36v2®. The two individual summary scores for PCS and MCS scores

are used as the highest score for each group.25 Of note, the SF-36v2®

is a generic scale, validated in the population with T2D and popula-

tion/countries that contributed to SUSTAIN 6. It does not specifically

address CV outcomes, but it has shown good validity and reliability in

T2D populations.29

The SF-36v2® questionnaire was completed by patients at random-

ization, then at weeks 56 and 104, preferably before any other trial-
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related activities. Each patient completed a paper version of the ques-

tionnaire, which was kept at site as source documentation. Data were

then transcribed into the electronic case report form by site staff. Clari-

fications of entries or discrepancies were referred to the patient and a

conclusion made in the medical records. Care was taken not to bias the

patient. The investigator reviewed the SF-36 v2® scales to ensure that

AEs, including overall change in health, were reported.

2.4 | Post-hoc analysis

All analyses used observed SF-36v2® values, and missing values were

imputed using a mixed model for repeated measurements, except for

patients who died.

2.4.1 | Observed change from baseline in Short
Form-36v2® score by relevant factors (irrespective of
treatment)

Both semaglutide doses (0.5 and 1.0 mg) and both placebo doses (0.5

and 1.0 mg) were pooled for this post-hoc analysis. Change from

baseline in HRQoL (PCS and MCS scores) was assessed using descrip-

tive statistics in patients (all treatment groups pooled) at week

104, and reported in the following subgroups: MACE (yes/no),

hypoglycaemia (yes/no); GI AEs (yes/no); at least one episode of nau-

sea or vomiting or diarrhoea (yes/no); body weight loss ≥5% (yes/no);

HbA1c reduction ≥1% (yes/no). Body weight was measured through-

out the trial in SUSTAIN 6, but weight change at week 104 was used

as a covariate for this post-hoc analysis. P-values to assess the impact

of each factor on change from baseline in SF-36v2® scores were

obtained from linear regression models.

2.4.2 | Observed changes from baseline in Short
Form-36v2® scores by treatment

Change from baseline to week 104 in PCS and MCS scores was

assessed using descriptive statistics and reported by treatment group

(semaglutide pooled versus placebo pooled) for PCS and MCS overall

and by subdomains.

2.4.3 | Estimated treatment effect on Short Form-
36v2® scores and the impact of relevant factors
(mediator analysis)

The estimated treatment effect of semaglutide (pooled) versus pla-

cebo was calculated for change from baseline in PCS and MCS SF-

36v2® scores at week 104 using multiple linear regression models.

P <0.05 indicated a significant treatment effect for semaglutide versus

placebo. Mediator analysis was then used to evaluate the potential

mediating effect of each factor by adjusting treatment effect for the

particular factor and comparing with the unadjusted treatment effect.

A mediator will reduce the size of the treatment effect, reducing the

regression coefficient for the treatment variable, increase its P-value

and may reduce the Akaike information criterion (AIC) value.

AIC is an estimator of the relative goodness of fit of statistical

models for a given set of data, and the lower the AIC, the higher the

goodness of fit of that model.30 While evaluating the estimated effect

of semaglutide on PCS and MCS scores, using the value for AIC of the

unadjusted model as a reference, a score lower than the value of the

unadjusted model indicates a higher quality model and a score higher

than the value of the unadjusted model indicates a lower quality model.

3 | RESULTS

3.1 | Patient disposition and baseline
characteristics

Key baseline characteristics, patient demographics, baseline CV risk

factors and history of CVD are shown in Table 1. These were similar

between treatment arms.

3.2 | Observed change from baseline in Short
Form-36v2® overall scores by relevant factors
(irrespective of treatment)

3.2.1 | Physical component summary

In this pooled treatment (semaglutide and placebo) analysis, the overall

PCS score increased by a mean of 0.7 [standard error (SE): 0.1; 95% confi-

dence interval (CI): 0.4, 1.0] from baseline to week 104 (Figure 1A). When

analysed by the presence or absence of relevant factors, the mean PCS

score increased numerically in all subgroups, but increases were generally

smaller in patients with the occurrence of MACE or GI AEs during the trial,

as well as in patients without HbA1c reduction ≥1% or without weight loss

≥5% from baseline to end of trial compared with patients without MACE/

GI AEs and patients with HbA1c reduction ≥1% or weight loss ≥5%

(Figure 1A). The PCS score increased more from baseline in patients with

hypoglycaemia [1.4 (SE: 0.3; 95% CI: 0.8, 2.0)] compared with those with-

out hypoglycaemia [0.5 (SE: 0.2; 95% CI: 0.2, 0.8)] (P < 0.01) (Figure 1A).

3.2.2 | Mental component summary

In the pooled treatment (semaglutide and placebo) analysis, the

change in overall MCS score was 0.2 (SE: 0.2; 95% CI: −0.2, 0.5) from

baseline to week 104 for all patients in the trial (Figure 1B). When

analysed by the presence or absence of relevant factors, generally the

mean MCS score was reduced from baseline in patients with the

occurrence of MACE, hypoglycaemia or GI AEs during the trial, as well

as in patients without HbA1c reduction ≥1% or without weight loss

≥5% at the end of the trial (Figure 1B).
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3.3 | Observed and estimated change from
baseline in Short Form-36v2® overall scores and
domains with semaglutide versus placebo and effect
when adjusting for relevant factors

3.3.1 | Physical component summary

In the semaglutide group, the mean overall PCS score and its domains

increased from baseline (1.0 for change in overall PCS score; SE: 0.2;

95% CI: 0.6, 1.4), and the improvement was numerically greater com-

pared with placebo (0.4; SE: 0.2; 95% CI: –0.0, 0.8) (Figure 2).

The unadjusted estimated treatment effect of semaglutide versus

placebo for change in overall PCS score was 0.7 (95% CI: 0.1, 1.2;

P = 0.018) (Table 2). When adjusted for change in HbA1c, the treatment

effect was reduced to 0.4 (95% CI: −0.2, 1.0; P = 0.167) and when

adjusted for body weight, it was reduced to 0.3 (95% CI: −0.3, 0.9;

P = 0.314) (Table 2). When adjusting for the occurrence of MACE, GI

AEs, hypoglycaemia, nausea/vomiting/diarrhoea and change in SBP,

DBP, heart rate and eGFR during the trial, the estimated significant

effect of semaglutide versus placebo on PCS was maintained (Table 2).

3.3.2 | Mental component summary

The MCS score and its domains increased from baseline with

semaglutide (0.5 for change in overall score; SE: 0.3; 95% CI: 0.0,

TABLE 1 Patient disposition and
baseline characteristics

Semaglutide
(0.5 + 1.0 mg)

Placebo
(0.5 + 1.0 mg)

Total

Patient disposition

Randomized, n 1648 1649 3297

Trial completers, n (%) 1623 (98.5) 1609 (97.6) 3232 (98.0)

Treatment completers, n (%) 1297 (78.7) 1339 (81.2) 2636 (80.0)

Baseline characteristics

Age, years 64.7 ± 7.2 64.6 ± 7.5 64.6 ± 7.4

Male, n (%) 1013 (61.5) 989 (60.0) 2002 (60.7)

Diabetes duration, years 14.2 ± 8.2 13.6 ± 8.0 13.9 ± 8.1

HbA1c, % 8.7 ± 1.5 8.7 ± 1.5 8.7 ± 1.5

HbA1c, mmol/mol 71.6 ± 15.9 71.5 ± 16.1 71.6 ± 16.0

BMI, kg/m2 32.8 ± 6.2 32.8 ± 6.2 32.8 ± 6.2

Body weight, kg 92.3 ± 20.7 91.9 ± 20.5 92.1 ± 20.6

CV risk factors

SBP, mmHg 136.0 ± 17.5 135.3 ± 16.8 135.6 ± 17.1

DBP, mmHg 77.0 ± 10.0 77.1 ± 10.0 77.0 ± 10.0

Pulse rate, beats/min 72.1 ± 11.1 72.0 ± 10.8 72.0 ± 10.9

Total cholesterol,

mmol/L [mean (CoV)]†
4.3 (27.5) 4.3 (27.1) 4.3 (26.7)

eGFR, mL/min/1.73 m2 75.9 ± 25.9 76.4 ± 27.2 76.1 ± 26.5

Current smoker, n (%) 204 (12.4) 202 (12.2) 406 (12.3)

History of CVD at screening, n (%)

Prior myocardial infarction 530 (32.2) 542 (32.9) 1072 (32.5)

Ischaemic heart disease 988 (60.0) 1006 (61.0) 1994 (60.5)

Previous ischaemic stroke 178 (10.8) 205 (12.4) 383 (11.6)

Prior arterial disease 226 (13.7) 227 (13.8) 453 (13.7)

≥50% arterial stenosis 567 (34.4) 600 (36.4) 1167 (35.4)

Percutaneous coronary

intervention

490 (29.7) 522 (31.7) 1012 (30.7)

Coronary artery bypass graft 288 (17.5) 289 (17.5) 577 (17.5)

Heart failure 381 (23.1) 396 (24.0) 777 (23.6)

Data presented as arithmetic mean ± SD unless otherwise indicated.
†Geometric means.

Abbreviations: BMI, body mass index; CoV, coefficient of variation; CV, cardiovascular; CVD,

cardiovascular disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbA1c,

glycated haemoglobin; SBP, systolic blood pressure; SD, standard deviation.
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(A)

(B)

F IGURE 1 A, PCS. B, MCS. Mean change from baseline in SF-36v2® overall PCS and MCS scores by occurrence of relevant factors (yes/no)
in all patients (all treatment arms pooled) at week 104. Mean values and 95% CI were assessed using descriptive statistics in patients at week
104 by relevant factors. Observed and MMRM imputed values, excluding MMRM imputed values for patients who died. P values were obtained
from linear regression models. Dashed vertical line indicates the mean score for the total population. AE, adverse event; CI, confidence interval;
MACE, major adverse cardiovascular event; MCS, mental component summary; MMRM, mixed model for repeated measurements; N, number of
patients; PCS, physical component summary; SE, standard error; SF-36v2®, Short Form-36 health survey, version 2®
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–0.2, 0.8
–0.7, 0.4

General health

Role: physical

Physical functioning

MCS

Bodily pain

Mental health

Vitality

Role: emotional

Social functioning

Semaglutide

NSF- 36v2® domain

-1 0 1 2 3

Change from baseline to week 104

Placebo

Baseline 
score Mean change from baseline mean

SE of 
95% CI

1.0

2.0

0.5

0.5

1.2

0.5

0.9

0.9

0.2

0.3

0.4

1.1

–0.0

–0.2

0.3

–0.2

–0.4

0.2

–0.0

–0.2

F IGURE 2 Mean change from baseline
in SF-36v2® PCS and MCS scores and
domains with semaglutide versus placebo at
week 104 by treatment. Observed and
MMRM imputed values, excluding MMRM
imputed values for patients who died. Bars
may appear larger or smaller than the
number indicated due to rounding. CI,
confidence interval; MCS, mental
component summary; MMRM, mixed model
for repeated measurements; PCS, physical
component summary; SE, standard error;
SF-36v2®, Short Form-36 health survey,
version 2®

JÓDAR ET AL. 1343



1.0), whereas MCS score decreased for patients on placebo (−0.2;

SE: 0.3; 95% CI: −0.7, 0.3) and all domains except vitality

(Figure 2).

The unadjusted estimated treatment effect of semaglutide versus

placebo on change in overall MCS score was 0.7 (95% CI: −0.0, 1.5;

P = 0.054) (Table 2). This was only reduced when adjusted for change

in HbA1c: 0.3 (95% CI: −0.4, 1.1; P = 0.397) (Table 2). When adjusting

for the occurrence of MACE, hypoglycaemia, nausea/vomiting/diar-

rhoea, change in body weight, SBP, DBP, heart rate and eGFR, the

estimated effect of semaglutide versus placebo on MCS did not

change qualitatively (Table 2).

4 | DISCUSSION

In this post-hoc analysis of the SUSTAIN 6 trial, the overall mean PCS

score and MCS score of the SF-36v2® scale generally increased from

baseline in all treatment arms (pooled). When analysed by treatment,

semaglutide resulted in greater increases in PCS and MCS scores ver-

sus placebo; these improvements were in part, possibly mediated by

change in HbA1c and body weight. Presence of MACE or GI AEs dur-

ing the trial did not affect the increase in PCS scores in the pooled

treatment group (treatment-independent analysis).

A US cohort study estimated the clinical and social benchmarks

for interpretation of SF-36 scores in people with diabetes. It showed

that a one-point lower score on the physical function, general health

and PCS scales of the SF-36 Health Survey is associated with an

excess risk of up to 9% for mortality. A one-point lower score on the

physical function, role physical, bodily pain, general health, vitality,

social function and PCS scales is associated with an excess risk of up

to 12% for inability to work.27 Hence, as per this study, the bench-

mark for the interpretation of SF-36v2® scores in diabetes is one

point for each domain on the various components of PCS or MCS.

Semaglutide reduces CV complications and improves glycaemic

control in patients with T2D, as shown in the SUSTAIN 6 trial.20 This

may have a positive effect on a patient’s HRQoL both physically and

mentally. However, in that trial, semaglutide treatment was associated

with GI AEs, particularly during the escalation phase.20 Although most

events were mild or moderate in severity and of short duration,20

these may affect HRQoL negatively. When semaglutide was used in

combination with sulphonylureas or insulin in the SUSTAIN 3–6 trials,

there was a slight increase in episodes of hypoglycaemia with

semaglutide versus comparators,17–20 which could also negatively

affect HRQoL.31 We therefore examined the influence of these fac-

tors on HRQoL and the effect of semaglutide versus placebo on

HRQoL.

The overall PCS score increased from baseline regardless of the

occurrence of MACE or GI AEs during the trial and for patients with

and without HbA1c reduction ≥1% or weight loss ≥5%. The increase

was less pronounced in patients without HbA1c reduction ≥1% or

without weight loss ≥5% and when MACE or GI AEs were present.

The overall MCS score was reduced in patients with occurrence of

MACE, hypoglycaemia or GI AEs during the trial, as well as in patients

without HbA1c reduction ≥1% or without weight loss ≥5%,

suggesting that some of these factors, if not all, were associated with

the patients’ mental health. Hence, in the whole study population, the

TABLE 2 Estimated treatment effect (semaglutide versus
placebo) – unadjusted and adjusted by relevant factors – on change
from baseline in SF-36v2® overall PCS and MCS scores at week 104

Estimated effect
of semaglutide
(95% CI)

P-value
AIC
(goodness
of fit)

PCS score

Unadjusted 0.7 (0.1, 1.2) 0.018 22 220

Adjusted for:

MACE 0.7 (0.1, 1.2) 0.020 22 219

Hypoglycaemia 0.7 (0.1, 1.2) 0.020 22 214

GI AE 0.8 (0.2, 1.3) 0.008 22 217

Nausea/vomiting/

diarrhoea

0.7 (0.1, 1.3) 0.015 22 220

HbA1c reduction ≥1% 0.5 (−0.1, 1.0) 0.125 22 214

Change in HbA1c 0.4 (−0.2, 1.0) 0.167 22 211

Weight loss ≥5% 0.5 (−0.0, 1.1) 0.061 22 183

% change in weight 0.3 (−0.3, 0.9) 0.314 22 174

Change in SBP 0.7 (0.1, 1.2) 0.020 22 228

Change in DBP 0.7 (0.1, 1.2) 0.018 22 227

Change in heart rate 0.8 (0.2, 1.3) 0.008 22 218

Change in eGFR 0.7 (0.1, 1.2) 0.018 22 227

MCS score

Unadjusted 0.7 (−0.0, 1.5) 0.054 23 995

Adjusted for:

MACE 0.7 (−0.0, 1.4) 0.062 23 992

Hypoglycaemia 0.7 (−0.0, 1.5) 0.050 23 992

GI AE 0.9 (0.2, 1.7) 0.014 23 984

Nausea/vomiting/

diarrhoea

0.9 (0.1, 1.6) 0.022 23 990

HbA1c reduction ≥1% 0.3 (−0.5, 1.0) 0.516 23 977

Change in HbA1c 0.3 (−0.4, 1.1) 0.397 23 982

Weight loss ≥5% 0.6 (−0.2, 1.3) 0.135 23 956

% change in weight 0.7 (−0.1, 1.4) 0.086 23 963

Change in SBP 0.7 (0.0, 1.5) 0.047 24 002

Change in DBP 0.7 (−0.0, 1.5) 0.054 24 001

Change in heart rate 0.8 (0.1, 1.5) 0.034 23 998

Change in eGFR 0.7 (−0.0, 1.5) 0.053 24 002

Patients experienced at least one event during the trial. Observed and

MMRM imputed values, excluding MMRM imputed values for patients

who died. Statistical analysis using PROC MIXED, modelling change of

SF-36v2® dependent on the respective effects/covariates. AIC describes

how well a statistical model fits a set of observations – lower AIC values

indicate a better fit. P <0.05 was considered as significant.

Abbreviations: AE, adverse event; AIC, Akaike information criterion; CI,

confidence interval; DBP, diastolic blood pressure; eGFR, estimated glo-

merular filtration rate; GI, gastrointestinal; HbA1c, glycated haemoglobin;

MACE, major adverse cardiovascular event; MCS, mental component sum-

mary; MMRM, mixed model for repeated measurements; PCS, physical

component summary; SBP, systolic blood pressure; SF-36v2®, Short

Form-36 health survey, version 2®.
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occurrence of MACE or GI AEs during the trial and achieving HbA1c

reduction ≥1% or weight loss ≥5% at end of trial seemed to be associ-

ated with the change in HRQoL.

The reduction in overall MCS score with the occurrence of

hypoglycaemia aligns with the results of a European-based observational,

cross-sectional study in which patients with T2D with or without reported

hypoglycaemia were assessed for HRQoL and fear of hypoglycaemia using

the hypoglycaemia fear survey-II worry scale (HFS-II).31 Patients with

hypoglycaemia (45%), versus those without, scored significantly higher on

the HFS-II scale (P < 0.01), and the overall impact of T2D on their HRQoL

was more negative (P < 0.01).31 Patients reporting hypoglycaemia during

the current trial actually had a greater increase in the overall PCS score

than those not reporting hypoglycaemia. The reason for this is unclear and

may be a spurious finding. It could be an indirect increase from increased

attention from health care professionals following a hypoglycaemic epi-

sode. It might also be that hypoglycaemia is an indirect measure of intensi-

fied treatment, resulting in an increased PCS score.

The overall PCS and MCS scores and the domain scores increased

from baseline in the pooled semaglutide treatment group, whereas

scores either decreased from baseline with placebo or increased

numerically less than with semaglutide. Based on the benchmark of a

one-point change in SF-36v2® scores in patients with diabetes,27 the

positive change in overall PCS score as well as the bodily pain and gen-

eral health domains of the PCS with semaglutide and positive change in

the general health domain with placebo may be associated with reduced

risk of hospitalization and inability to work. The change in overall MCS

scores and its domains were all below the one-point benchmark.

In the mediator analysis, we found that HbA1c reduction ≥1%,

change in HbA1c, weight loss ≥5% and percentage change in body

weight may possibly mediate some of the treatment effects of

semaglutide versus placebo on change in PCS. HbA1c reduction, in

part, might mediate the effects of semaglutide on change in MCS. The

mediation effect was small and this may be because of other positive

effects of semaglutide, suggesting that semaglutide improves HRQoL

via multiple mechanisms, and not just by reducing HbA1c and body

weight. Although adjusting for weight loss had a small impact on the

semaglutide versus placebo treatment effect on PCS scores, it did not

have an impact on the semaglutide versus placebo treatment effect

on MCS scores. This is in line with a review demonstrating that

HRQoL outcomes, including depression, were not consistently

improved in RCTs of weight loss (from ≤5% to ≥10%), although there

is no indication as to whether the lack of improvement is related to

the magnitude of weight loss. The review concluded that the available

compelling RCT data do not support the notion that HRQoL is consis-

tently and robustly improved following weight loss.32

Adjusting for the occurrence of hypoglycaemia did not affect the

semaglutide versus placebo treatment effect on the MCS score, indi-

cating that the mental wellbeing of patients receiving semaglutide ver-

sus placebo was not sensitive to hypoglycaemia events.

Other glucose-lowering agents have also shown improvements in

HRQoL in patients with T2D. In the AWARD-1 study, dulaglutide

0.75 and 1.5 mg as an add-on to metformin and pioglitazone signifi-

cantly improved HRQoL and treatment satisfaction, compared with

placebo.33 In the DURATION-2 study, weight-related HRQoL and

general health utility scores (EQ-5D) improved significantly for

patients receiving exenatide extended release or sitagliptin but not

pioglitazone.33 The AWARD-6 study showed that there were no sig-

nificant differences between dulaglutide and liraglutide in improving

HRQoL (EQ-5D).33 The PAGE1 study showed that liraglutide resulted

in significant improvements in glycaemic control and body weight

without deteriorating the QoL of patients although the treatment

modality had changed from injection to non-injection therapy.10 A

real-world inception cohort study assessing HRQoL (EQ-5D) scores in

people initiating one of the new glucose-lowering drugs in daily prac-

tice demonstrated that over 26 weeks, patients starting with or

switching to a new drug maintained or modestly increased their

HRQoL.34

There are limitations to our analysis, e.g. the SF-36v2® is a

generic, non-disease-specific questionnaire. Therefore, it is unlikely to

be sensitive enough to detect all changes in HRQoL that are specific

to the diabetes population. A questionnaire that includes questions on

diabetes-specific aspects of life would have been preferable; however,

compared with disease-specific measures, generic measures such as

SF-36v2® are more comprehensive in their coverage of different

health status domains and are necessary to compare outcomes across

different populations and interventions.35,36 The changes in the mean

SF-36v2® scores are small compared with the standard deviations

and this limits the conclusions that can be drawn. The SUSTAIN 6 trial

compared semaglutide with placebo, hence these results cannot be

extrapolated to other interventions. The statistical models supporting

the mediator analysis are of limited use for assessing the effects of

factors of interest, i.e. for identifying moderators.

The strength of this analysis is that it is based on long-term

patient outcomes data, which can reinforce the conclusions that are

made from the initial main trial or can provide completely new infor-

mation.37 This post-hoc analysis reinforces the finding from

SUSTAIN 6 that semaglutide improves HRQoL versus placebo in

patients with T2D at high CV risk, and demonstrates that patients on

semaglutide and placebo feel better physically after participation in

the trial, regardless of the presence of MACE or GI AEs.

As HRQoL is an important contributor to patient satisfaction, fur-

ther studies are warranted to understand which factors have an

impact on HRQoL in patients with diabetes. This would help guide

clinical practice and better aid clinical decision making.

5 | CONCLUSIONS

This post-hoc analysis of SUSTAIN 6 showed that semaglutide was

associated with greater improvements in HRQoL scores compared

with placebo. The overall PCS score of SF-36v2® increased in patients

treated with semaglutide and with placebo, regardless of the presence

of MACE or GI AEs during the trial. The MCS score reduced with the

occurrence of MACE, hypoglycaemia or GI AEs during the trial, as well

as in patients without HbA1c reduction ≥1% or weight loss ≥5% at

the end of the trial. Greater improvements in HRQoL with
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semaglutide versus placebo were possibly mediated, in part, by

change in HbA1c and body weight, but other mechanisms are proba-

bly also involved.
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