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Abstract Previous reviews explored weight loss-induced
metabolic changes in overweight and obese adults with
type 2 diabetes (T2D) but did not report on the impact on
patient-reported outcomes (PROs). This systematic review
investigated the effect of weight loss interventions on weight
loss and PROs in overweight and obese adults with T2D.
We searched three electronic databases from inception to
March 2018 for randomised controlled trials (RCTs) of
weight loss interventions in overweight and obese (accord-
ing to BMI) adults aged > 18 years reporting changes in
PROs from baseline to at least one follow-up assessment
during or post-intervention. One reviewer screened abstracts,
performed data extraction, and conducted the narrative syn-
thesis, with 25% cross-checking by a second reviewer. We
extracted data relating to sample characteristics, interven-
tion and comparison conditions, weight loss, and change in
PROs. We identified 540 papers of which 23 met eligibil-
ity reporting on 19 RCTs. Four types of interventions (diet,
surgery, pharmacological, and multi-component lifestyle
interventions) significantly reduced weight. Weight loss
was consistently associated with improvements in sexual
and physical function across all intervention types, with diet
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and multi-component lifestyle interventions producing more
substantial improvements than surgical or pharmacological
interventions. Findings for other PROs, such as HRQOL and
depressive symptoms, were inconsistent across studies and
intervention types. The four weight loss interventions can be
prescribed to engender weight loss in overweight and obese
adults with T2D, with multi-component lifestyle interven-
tions generating substantial improvements in physical and
sexual function, perhaps due to the potency of exercise in
improving PROs.

Keywords Obesity - Patient-reported outcomes - Weight
loss - Type 2 diabetes - Systematic review

Background

Obesity is a complex, chronic disease which has reached epi-
demic proportions, particularly in Western countries (Hruby
& Hu, 2015). The body mass index (BMI) scale is used to
determine whether an individual is underweight, of normal
weight, overweight, or obese (Dey et al., 2013). The World
Health Organisation estimates that the global prevalence of
obesity (BMI>30 kg/m?) almost tripled between 1975 and
2016 (Organisation WH, 2019). Obesity is associated with a
number of comorbid conditions, one of which is type 2 diabe-
tes (T2D) (Oguma et al., 2005). Indeed, the risk of developing
T2D is three and seven times higher in overweight and obese
individuals, respectively, than individuals of normal weight
(Abdullah et al., 2010). Moreover, up to 90% of adults with
T2D are either overweight or obese (Organisation WH, 2019;
Gatineau et al., 2014). Patients with both obesity and T2D
experience additional complications over and above those
of an obese person without T2D, including more metabolic
problems, greater use of medication, increased prevalence
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of comorbidities, and reduced health-related quality of life
(HRQOL) (Berk et al., 2018; Slagter et al., 2015).

Obesity and T2D are both associated with poorer psycho-
logical outcomes relative to the general population, such as
higher depression (Mezuk et al., 2013; Luppino et al., 2010)
and emotional distress (Perrin et al., 2017), and lower HRQOL
(Abdullah et al., 2010; Kolotkin et al., 2003; Giuli et al.,
2014). Sustained weight loss is the primary goal to restore
and maintain physical and psychological health in overweight
and obese adults with T2D (Samuel 2004; Billington et al.,
2000). Common weight loss interventions include diet and/or
exercise plans, pharmacological methods, and surgery (Can-
non & Kumar, 2009). Several reviews investigated the impact
of weight loss interventions on biological outcomes in over-
weight and obese adults with T2D (Franz et al., 2015; Norris
et al., 2004). Results from these reviews suggest that achieving
moderate weight loss (>5%) is difficult, but such weight loss
is needed to generate improvements in metabolic outcomes,
such as blood pressure, lipid profiles, and HbAlc (Franz et al.,
2015; Norris et al., 2004).

These reviews, however, did not assess the impact of
changes in weight on patient-reported outcomes (PROs). A
PRO is any health-related outcome that is assessed via self-
report rather than via a medical practitioner, clinician, or
researcher (U.S. Department of Health and Human Services
Food and Drug Administration 2019). PROs offer valuable
insight into a patient’s perception of the impact of a disease
and treatment on their life, and are a hallmark of patient-
centred care (Wu et al., 2013). As such, PROs represent an
important class of clinical outcome in intervention design
(FDA-NIH Biomarker Working Group, 2016). Several PROs
are clinically relevant to our population of interest of over-
weight and obese adults with T2D. Psychological outcomes,
such as depressive symptoms and anxiety, provide useful
insight into the mental health of patients. Physiological
outcomes, such as physical function and erectile function,
are also extremely relevant to overweight and obese adults
with T2D who might be hindered by weight or diabetes-
related complications. Impaired functioning can negatively
affect overall HRQOL (both generic and disease-specific).
The present systematic review was exploratory, aiming to
describe the effect of weight loss interventions on PROs in
overweight and obese adults with T2D. Further, to provide
a context in which to interpret PRO results, we also docu-
mented their effect on weight loss.

Methods
Search methods

We searched three electronic databases for randomised
controlled trials (RCTs) published from database inception
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to the time of our search: MEDLINE (1946-March 2018),
Embase (1947-March 2018), and CENTRAL (1996-March
2018). The search comprised terms relating to weight (e.g.,
overweight and obese), diabetes, PROs (e.g., HRQOL,
depression, and body image), weight change outcomes (e.g.,
weight loss), study design (e.g., clinical trial), and exclu-
sions (e.g., adolescent, animal, and case study; see “Appen-
dix 17). The search was limited to peer-reviewed papers pub-
lished in English. Lead authors of conference abstracts were
searched to find full text articles. If the relevant full text was
found, and it met the eligibility criteria, it was included in
the review. Our systematic review of RCTs was conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidance.

Eligibility criteria

Studies were included if: (a) the trial design was a phase II,
IL, or IV RCT; (b) the sample was defined as overweight and/
or obese adults (assessed using the BMI scale) with T2D; (c)
weight loss was a study outcome; (d) longitudinal PRO data
was reported, including baseline assessment and at least one
assessment during or post-intervention; and (e) PROs were
collected using a standardised and validated PRO instru-
ment. Literature reviews, theoretical articles, and position
papers were excluded. Studies were also excluded if weight
loss or PRO data for the overweight and/or obese adult T2D
sample was combined with data for other BMI groups (e.g.,
normal weight) (Chapman et al., 2005; Ma et al., 2008)
or comorbid conditions (e.g., obstructive sleep apnoea or
ischemic heart disease) (Shechter et al., 2014; Chung et al.,
2011) without presenting subgroup results.

One reviewer (JM) screened titles and abstracts against
the eligibility criteria. Full texts were obtained for papers
considered relevant or where inclusion was uncertain. A
second reviewer (CR) screened 25% of excluded papers,
selected at random, and all obtained full texts. Both review-
ers (JM and CR) reviewed the full texts of included articles
against eligibility criteria. Queries regarding eligibility were
resolved through discussion with a third reviewer (MK).

Data extraction and analysis

Standardised data items were extracted from each arti-
cle, including: (a) RCT identification information; (b)
sample characteristics; (c) intervention and comparison
group description; (d) weight loss findings; (e) PROs
assessed including which PRO instruments were used; (f)
PRO findings; and (g) study limitations. Data extraction
was performed by one reviewer (JM) and cross-checked
against the original paper on a separate occasion. Meta-
analysis was not feasible given the heterogeneity in
weight loss interventions, time intervals between baseline
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and follow-up assessments, and PRO instruments across
included studies. Instead, we used narrative synthesis to
describe results for weight loss and change in PROs.

Quality assessment

The quality of included studies was appraised using the
2010 CONSORT checklist (37 items assessing the design
and general reporting of RCTs) (Schulz et al., 2010) and
the 2013 CONSORT-PRO Extension (14 items assessing
the quality of PRO reporting of RCTs) (Calvert et al.,
2013). Each quality item was scored by one reviewer (JM)
as fully met (1), partially met (.5), or not met (0). We did
not use study quality as a criterion for inclusion in this
review.

J

Results

Of 540 papers identified, 23 reported on 19 RCTs and were
included in this review (Fig. 1). Five papers reported data
from the Look AHEAD trial (Foy et al., 2011; Rejeski et al.,
2015; Stewart et al., 2011; Williamson et al., 2009; Wing
et al., 2010). The 19 RCTs included 9271 overweight and
obese adults with T2D, of which 58% were female. Six-
teen trials (84.2%) were conducted in Western or European
countries, two (10.5%) were based in Asian countries (China
and India) (Woo et al., 2007; Palikhe et al., 2014), and one
(5.3%) was conducted in multiple countries (Davies et al.,
2015). Nine trials (47.4%) were multi-centre. Table 1 sum-
marises the 23 papers that included overweight and/or obese
adults with T2D; “Appendix 2” provides further detail of
the PRO(s) assessed and full names of the abbreviated PRO
measures used. Of the interventions in the 19 RCTs, five
(26.3%) used dietary modification alone to elicit weight loss,

Records identified through
database searching
(n=841)

Additional records identified
through other sources
(n=0)

Identification

Included

——
Records after duplicates removed
y
(n=540)
>
£
-
g
P ; Records screened
(n=540)
—
g Full-text articles assessed
.:§ for eligibility
ol (n=64)
w
—/

Articles included in
narrative synthesis
(n=23)

Fig. 1 PRISMA flow diagram showing the process of article inclusion and exclusion

Records excluded
(n=476)

Full-text articles excluded
(n=41):

- PRO data not assessed
longitudinally (n = 11)
- Pooled PRO data with
comorbidities or patients without
diabetes (n=11)
- Assessed physical activity using
an objective measure (n = 10)
- Sample did not meet eligibility
criteria (n=6)
-NotaRCT (n=2)
- Sample includes adults with
type 1 diabetes (n=1)
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Table 1 Summary of included study (n=23) characteristics by weight loss intervention

Author (year), country

Sample size, sex distribu-
tion, BMI, and age inclu-
sion range

Intervention type, description, PRO measures

and duration

PRO assessment intervals

Dietary interventions

Brinkworth et al. (2016),
Australia

Davis et al. (2012) USA

Holland-Carter et al.
(2017), USA

Khoo et al. (2011) Aus-
tralia

Lean et al. (2017), England
and Scotland

Sample size: 115

Sex distribution: 43%
female

BMI range: 2645

Age range: 35-68

Sample size: 105

Sex distribution: 78%
female

BMI range: > 25

Age range: > 18

Sample size: 563

Sex distribution: 71%
female

BMI range: 27-50

Age range: 18-70

Sample size: 31

Sex distribution: 100%
male

BMI range: > 30

Age range: Not specified!

Sample size: 306

Sex distribution: 40%
female

BMI range: 2745

Age range: 20-65

Type: low-carbohydrate (LC) POMS (a)
versus high-carbohydrate (HC) BDI-II (a)
diet STAI (a)

Description: 14% of total energy D-39 (b)
from carbohydrates (LC) ver-  PAID (b)
sus 53% of total energy from
carbohydrates (HC)

Duration: 12 months

Type: low-carbohydrate (LC) D-39
versus low-fat/high-carbohy-
drate (LF) diet

Description: periodic manipula-
tion of carbohydrate intake
(LC) versus 25% of total
energy from fats (LF).

Duration: 12 months

Type: modified weight watch- SF-36
ers (WW) diet versus standard IWQOL-Lite
diabetes care DDS

Description: WW diet plus regu- PHQ-9

lar access to WW in-person
meetings, online tools, and
consultation with a certified
diabetes educator versus basic
diabetes education

Duration: 12 months

Type: low-calorie versus high-
protein low-fat (HP) diet

Description: meal replace-
ment-based low-calorie diet
(1000 kcal/day; low-calorie)
versus high-protein diet with
reduced calorie intake of
600 kcal/day

Duration: 8 weeks?

Type: evidence-based weight EQ-5D
management programme
(Counterweight-Plus) versus
standard diabetes care

Description: periodic food intake
adjustment versus standard
diabetes care under current
guidelines

Duration: 12 months

Abridged IIEF-5

(a) Week 0 and monthly
intervals to 12 months
(b) Weeks 0, 24 and 52.

Baseline, 6, and 12 months

Baseline, 6, and 12 months

Baseline and 8 weeks

Baseline and 12 months
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Table 1 (continued)

Author (year), country

Sample size, sex distribu-
tion, BMI, and age inclu-
sion range

Intervention type, description, PRO measures

and duration

PRO assessment intervals

Surgical interventions
Ding et al. (2015) USA

Halperin et al. (2014),
USA

Murphy et al. (2018), New
Zealand

Palikhe et al. (2014), India

Sample size: 45

Sex distribution: 45%
female

BMI range: 3045

Age range: 21-65

Sample size: 43

Sex distribution: 61%
female

BMI range: 30-42

Age range: 21-65

Sample size: 114

Sex distribution: 52%
female

BMI range: 35-65

Age range: 20-55

Sample size: 31

Sex distribution: 74%
female

BMI range: >27.5

Age range: 20-75

Pharmacological interventions

Davies et al. (2015), 9
countries

Sample size: 846

Sex distribution: 50%
female

BMI range: >27

Age range: > 18 years

SF-36
BBPA
EQ-5D
PAID
IWQOL-Lite

Type: laparoscopic adjustable
gastric band (LAGB) surgery
versus “Why WAIT’ medical
management

Description: surgical procedure
which attaches an adjustable
band to the upper portion of the
stomach (LAGB) versus multi-
component clinical approach
consisting of diet and exercise
modification, medication,
cognitive-behavioural therapy,
and group education

Duration: 12 months

SF-36

BBPA

EQ-5D

PAID

IWQOL-Lite

Type: Roux-en-Y gastric bypass
(RYGB) surgery versus “Why
WAIT’ medical management

Description: surgical procedure
which separates the stomach
into dual portions and connects
the upper portion to the small
intestine (RYGB) versus multi-
component clinical approach
consisting of diet and exercise
modification, medication,
cognitive-behavioural therapy,
and group education

Duration: 12 months

SF-36

HADS

Type: silastic-ring laparoscopic
Roux-en-Y gastric bypass
(SR-LRYGB) surgery versus
laparoscopic sleeve gastrec-
tomy (LSG)

Description: standard Roux-en-Y
gastric bypass surgery with the
addition of a silastic ring (SR-
LRYGB) versus surgical pro-
cedure which uses a stapling
device to reduce the size of
the stomach (LSG) Duration:
12 months

Type: laparoscopic sleeve gas-
trectomy (LSG) versus inten-
sive medical treatment (IMT)

Description: surgical procedure
which uses a stapling device to
reduce the size of the stomach
(LSG) versus low-calorie diet
with exenatide, metformin and, if
required, insulin detemir (IMT)

Duration: 12 months

SF-36

IWQOL Lite
DTSQ

Type: liraglutide versus placebo

Dose: 3.0 mg or 1.8 mg daily
(liraglutide) versus 0 mg daily
(placebo)

Duration: 56 weeks

Baseline, early assessment
(the earlier of 3 months
or 10% weight loss), and
12 months

Baseline, early assessment
(the earlier of 3 months
or 10% weight loss), and
12 months

One-month pre-operation
and 12 months

Baseline, 6, and 12 months

Baseline and week 56
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Table 1 (continued)

Author (year), country

Sample size, sex distribu-
tion, BMI, and age inclu-
sion range

Intervention type, description,
and duration

PRO measures

PRO assessment intervals

Kaukua et al. (2004),
Finland

Kipnes et al. (2010), USA

Sample size: 236

Sex distribution: 59%
female

BMI range: > 28

Age range: 25-70

Sample size: 623

Sex distribution: 56%
female

BMI range: 27-43

Age range: 18-75

Multi-component lifestyle interventions

Foy et al. (2011) USA
(Look AHEAD)

Rejeski et al. (2015), USA
(Look AHEAD)

Stewart et al. (2011), USA
(Look AHEAD)?

Williamson et al. (2009),
USA (Look AHEAD)

Wing et al. (2010) USA
(Look AHEAD)

Sample size: 2203

Sex distribution: 65%
female

BMI range: > 25 or >27 (if
taking insulin)

Age range: 45-74

Sample size: 4998

Sex distribution: 60%
female

BMI range: > 25 or>27 (if
taking insulin)

Age range: 45-76

Sample size: 157

Sex distribution: 56%
female

BMI range: 25-55

Age range: 40-75

Sample size: 5145

Sex distribution: 60%
female

BMI range: > 25 or > 27 (if
taking insulin)

Age range: 45-74

Sample size: 372

Sex distribution: 100%
male

BMI range: > 25 or > 27 (if
taking insulin)

Age range: 45-74

Type: sibutramine versus placebo
Dose: 15 mg daily (sibutramine)

versus 0 mg daily (placebo)
Duration: 12 months

Type: taranabant versus placebo

Dose: 2 mg, 1 mg, or 0.5 mg
daily (taranabant) versus 0 mg
daily (placebo)

Duration: 12 months

Type: intensive lifestyle interven-
tion (ILI) versus diabetes sup-
port and education (DSE)

Description: see Williamson
et al. (2009)

Duration: 12 months

Type: intensive lifestyle interven-
tion (ILI) versus diabetes sup-
port and education (DSE)

Description: see Williamson
et al. (2009)

Duration: 8 years.

Type: intensive lifestyle interven-
tion (ILI) versus diabetes sup-
port and education (DSE)

Description: see Williamson
et al. (2009)

Duration: 12 months

Type: intensive lifestyle interven-
tion (ILI) versus diabetes sup-
port and education (DSE)

Description: combination of
moderate-intensity physical
activity, diet modification via
replacing meals with liquid
shakes and meal bars, weight
loss medication, and indi-
vidual and group counselling
(ILI) versus standard diabetes
education sessions focused on
exercise, nutrition, and social
support (DSE)

Duration: 12 months

Type: intensive lifestyle interven-
tion (ILI) versus diabetes sup-
port and education (DSE)

Description: see Williamson
et al. (2009)

Duration: 12 months

SF-36 Baseline, 3, 6, 9, and
12 months
SF-36 Not specified.?
IWQOL-Lite
POMSb
Modified WOMAC  Baseline and 12 months

Physical function
domain of the
SF-36

BMA 2.0

Physical and mental

component sum-

Baseline and 8 annual
assessment Vvisits.

Baseline and 12 months

Baseline and 12 months

mary domains of

the SF-36°
BDI-II

IIEF-5

Baseline and 12 months
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Table 1 (continued)

Author (year), country

Sample size, sex distribu-
tion, BMI, and age inclu-
sion range

Intervention type, description,
and duration

PRO measures

PRO assessment intervals

Berk et al. (2018) Neth-
erlands

Mensberg et al. (2017),
Denmark

Moncrieft et al. (2016),
USA

O’Neil et al. (2012), USA

Woo et al. (2007), China

Sample size: 158

Sex distribution: 56%
female

BMI range: >27

Age range: 18-75

Sample size: 34

Sex distribution: 30%
female

BMI range: > 25

Age range: > 18

Sample size: 111

Sex distribution: 71%
female

BMI range: >27

Age range: 18-70

Sample size: 604

Sex distribution: 54%
female

BMI range: 27-45

Age range: 18-65

Sample size: 55

Sex distribution: Not
specified

BMI range: > 25’

Age range: 18-50

Type: standard diabetes care plus
group cognitive-behavioural
therapy (CBT) versus standard
diabetes care

Description: semi-annual visits
to a diabetes nurse plus 17
group CBT sessions versus
semi-annual visits to a diabetes
nurse alone

Duration: 24 months

Type: exercise program plus lira-
glutide versus exercise program
plus placebo

Description: three 60-minute
supervised group exercise ses-
sions weekly (spin classes and
resistance training) plus 1.8 mg
daily subcutaneous liraglutide
injections versus three weekly
exercise sessions alone plus
placebo

Duration: 16 weeks

Type: lifestyle intervention ver-
sus standard diabetes care

Description: 17 structured ses-
sions implementing psycho-
logical therapy, exercise, and
diet modification versus short
information booklet on diabe-
tes management

Duration: 12 months

Type: lifestyle intervention plus
lorcaserin versus lifestyle inter-
vention plus placebo

Description: specific advice
about exercise, calorie restric-
tion, food choices, and behav-
iour modification techniques
plus 10 mg twice daily or
10 mg once daily (lorcaserin)
versus specific advice alone
plus placebo

Duration: 12 months

Type: Orlistat plus lifestyle inter-
vention versus Orlistat without
lifestyle intervention

Description: 120 mg Orlistat
three times a day (6 months)
followed by a eucaloric
meal plan, exercise manage-
ment, and peer group support
(6 months) versus 120 mg
Orlistat three times a day
(6 months) followed by a
non-intervention control period
with no lifestyle intervention
(6 months)

Duration: 12 months

HADS
RSES
EQ-5D
CIS
EDE-Q

SF-36

BDI-II

IWQOL-Lite (a)

BDLII (b)

SF-36 (Chinese)

ORWELL 978

Baseline, 3, 12, 19.5, and

24 months after randomi-
sation

Not specified*

Baseline, 6, and 12 months

(a) Baseline, 6, and

12 months

(b) Randomisation, 1, 6, and

12 months

Baseline, 6 months (after

Orlistat), and 12 months
(after 6 months of lifestyle
intervention or non-inter-
vention)
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Table 1 (continued)

Author (year), country Sample size, sex distribu- PRO measures PRO assessment intervals

tion, BMI, and age inclu-

Intervention type, description,
and duration

sion range
Wycherley et al. (2014), Sample size: 106 Type: energy-restricted diet D-39 Baseline and 16 weeks
Australia Sex distribution: 42% plus resistance training versus ~ PAID

female energy-restricted diet alone
BMI range: Overweight Description: supervised moder-
and obese’ ate energy-restricted diet based

Age range: Not specified!®  on a fixed menu plan plus three
resistance training sessions per
week versus energy-restricted
diet alone

Duration: 16 weeks

'The mean age of the combined sample was 59.7 years (SD not specified)

The trial lasted 52 weeks; however, after 8 weeks, the LC and HP diets were given identical diet protocols eliminating between-group differ-
ences. Consequently, only data for the first 8 weeks of the study was included in this review

3Some PRO data (SF-36 and IWQOL-Lite) was not reported in this article

4Statement of significance provided for the SF-36 results, but data was not shown. Assessment periods not explicitly stated for the SF-36 instru-

ment

SParticipants were recruited from a specific clinical centre in the Look AHEAD trial

The authors reported data for the physical component summary (PCS) and the mental component summary (MCS) scores of the SF-36 instru-
ment at baseline and 12 months. Scores for each of the eight SF-36 domains were reported at baseline but not at 12 months

"The Asian BMI upper criterion for obesity (equivalent to BMI > 30 in the Western BMI score classification)

8The methods outlined that a self-image scale would be implemented; however, results for the self-image scale were not presented

9 Although the BMI inclusion range was not reported, the sample was described as overweight and obese. The mean BMI was 35.4 (4.6 SD)

10The age inclusion range was not reported. The mean age was 56.1 (7.5 SD)

four (21.1%) used surgical procedures, three (15.8%) used
pharmacological agents, and seven (36.8%) used multi-com-
ponent lifestyle interventions (six of them included a physi-
cal activity component), sometimes in combination with diet
modification, pharmacological agents, and/or counselling.

Quality appraisal

Figures 2 and 3 show the percentage of studies meeting
(either fully or partially) and not meeting each quality
criterion for general RCT reporting and PRO-specific
reporting, respectively. Overall, the quality of general
RCT reporting was good. However, less than 50% of the
included studies identified their study as a RCT in the title
and failed to provide thorough descriptions of results for
all primary and secondary outcomes, including lack of
reporting of effect sizes and confidence intervals. Stud-
ies often did not explicitly document important aspects of
the randomisation process, including how random allo-
cation was generated and implemented. The quality of
PRO reporting was suboptimal. Authors generally failed
to: identify whether the PRO was a primary or secondary
outcome in the abstract, provide a priori hypotheses for

@ Springer

PRO instruments, and provide PRO-specific limitations
and implications for clinical practice in the discussion.
There was little association within studies between the
quality of general RCT reporting (total scores ranged from
49 to 86%) and PRO-specific reporting (total scores ranged
from 18 to 82%) (Spearman correlation coefficient=.05;
scatterplot shown in Fig. 4).

Dietary interventions

Five studies comprising 1120 participants used diet to
induce weight loss (Davis et al., 2012; Lean et al., 2017,
Brinkworth et al., 2016; Khoo et al., 2011; Holland-
Carter et al., 2017). Two of these were high quality and
reported greater weight loss with dietary interventions
compared to a non-active control of standard diabetes
care at 12 months; Lean et al. (2017) used an evidence-
based weight management programme (Counterweight-
Plus) [37 (n=306)], while Holland-Carter et al. (2017)
used a modified weight watchers program [40 (n=563)].
Both studies used generic HRQOL instruments. Lean et al.
(2017) reported better HRQOL (EQ-5D instrument) with
the Counterweight-Plus nutrition programme compared to
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standard diabetes care at 12 months (Lean et al., 2017).
In contrast, Holland-Carter et al. (2017) found no signifi-
cant differences in HRQOL (SF-36 instrument) between a
modified weight watchers diet and standard diabetes care
at 12 months (Holland-Carter et al., 2017), but they did
find some differences with disease-specific PROs. Their
results from the Impact of Weight on Quality of Life-Lite
(IWQOL-Lite) (Holland-Carter et al., 2017) instrument
indicated better obesity-specific HRQOL, specifically
physical function, sex life, and work domains, with the
modified weight watchers program compared to standard
diabetes care at 12 months (Holland-Carter et al., 2017),
but no differences between groups for the self-esteem and
public distress domains of the IWQOL-Lite (Holland-
Carter et al., 2017). They also found greater reductions
in diabetes-related emotional distress with the modified
weight watchers diet compared to standard diabetes care
at 6 and 12 months, as measured by the Diabetes Dis-
tress Scale total score and all four subscales (emotional
burden, physician-related stress, regimen-related distress,
and interpersonal distress) (Holland-Carter et al., 2017).
However, they found no significant differences in depres-
sive symptoms (Patient Health Questionnaire-9) between
groups at 6 and 12 months (Holland-Carter et al., 2017).
Two moderate quality studies found similar weight loss
between low-carbohydrate and high-carbohydrate diets at
12 months [36 (n=105), 38 (n=115)]. Both assessed dis-
ease-specific HRQOL using the Diabetes-39 instrument and
found no significant differences in all five dimensions of the
Diabetes-39 (anxiety and worry, diabetes control, energy and
mobility, social burden, and sexual functioning) between
low-carbohydrate and high-carbohydrate diets at 12 months
(Davis et al., 2012; Brinkworth et al., 2016). Brinkworth
et al. (2016) also assessed emotional distress (Problem
Areas in Diabetes instrument), depressive symptoms (Beck
Depression Inventory-II), anxiety (Spielberger State Anxi-
ety Inventory), and global mood (Profile of Mood States

General RCT reporting (maximum possible score = 37)

instrument), but found no significant differences in these
PROs between low-carbohydrate and high-carbohydrate
diets at 6 and 12 months (Brinkworth et al., 2016).

The fifth dietary intervention study of moderate quality
found that a meal replacement-based low-calorie diet pro-
duced greater weight loss than a high-protein diet at 8 weeks
[39 (n=31)]. The only PRO assessed in this study was erec-
tile function using an abridged International Index of Erec-
tile Function-5 questionnaire; no significant differences were
found between low-calorie and high-protein diets at 8 weeks
(Khoo et al., 2011).

Surgical interventions

Four studies reporting on 233 participants that underwent
surgical weight loss procedures found that most weight loss
occurred within the first 3 months post-surgery (Palikhe
et al., 2014; Ding et al., 2015; Halperin et al., 2014; Murphy
et al., 2018). Three of these studies compared surgery with
medical management (Palikhe et al., 2014; Ding et al., 2015;
Halperin et al., 2014). Palikhe et al. (2014) reported greater
weight loss with laparoscopic sleeve gastrectomy (a proce-
dure which uses a stapling device to reduce the size of the
stomach and therefore the amount of food needed to reach
satiety) compared to intensive medical treatment consisting
of diet intervention, exenatide, and metformin supplementa-
tion, at 6 and 12 months [34 (n=31)]. They reported signifi-
cant within-group improvements in six domains of the SF-36
instrument (physical functioning, physical role functioning,
emotional role functioning, vitality, social functioning,
and general health) with laparoscopic sleeve gastrectomy
at 6 months, but failed to report between-group differences
with the non-surgical medical management control group
(Palikhe et al., 2014). This study was low quality. In a com-
parative effectiveness trial, Halperin et al. (2014) reported
no significant differences in weight loss and worse HRQOL
(SF-36 instrument) at 3 months but greater weight loss at

@ Springer



884

J Behav Med (2020) 43:873-891

12 months with Roux-en-Y gastric bypass surgery (a pro-
cedure which separates the stomach into dual portions and
connects the upper portion to the small intestine, reducing
nutrient absorption) compared to a 12-week “Why WAIT’
medical management program, consisting of a hypocaloric
diet, 300 min of weekly exercise, weekly medication adjust-
ments, cognitive-behavioural therapy, and group education
[42 (n=43); moderate quality study]. The EQ-5D instru-
ment indicated comparable HRQOL at 3 months between
groups (Halperin et al., 2014). Similarly, Ding et al. (2015)
reported greater weight loss with laparoscopic adjustable
gastric band surgery (a procedure which places an inflatable
band around the upper portion of the stomach, which can
be adjusted to change the size of the stomach) compared to
the 12-week ‘Why WAIT’ medical management program
at 12 months [41 (n=45)] but found no significant differ-
ences in generic HRQOL (SF-36 and EQ-5D instrument)
between groups at 3 months (Ding et al., 2015). Both stud-
ies reported no significant differences in generic HRQOL
between surgery and medical management at 12 months
(Ding et al., 2015; Halperin et al., 2014). Obesity-specific
HRQOL (IWQOL-Lite instrument total score) did not dif-
fer between surgical intervention and medical management
at 3 months; however, results at 12 months were inconsist-
ent between the studies (Ding et al., 2015; Halperin et al.,
2014). Halperin et al. (2014) reported better obesity-related
HRQOL with Roux-en-Y gastric bypass surgery relative to
medical management at 12 months (Halperin et al., 2014),
while Ding et al. (2015) found no significant differences in
obesity-related HRQOL between laparoscopic adjustable
gastric band surgery and medical management at 12 months
(Ding et al., 2015). Both studies found no significant dif-
ferences in diabetes-specific emotional distress (Problem
Areas in Diabetes instrument) between surgery and medical
management at 3 and 12 months (Ding et al., 2015; Halperin
et al., 2014). Perceived barriers to being physically active
(Barriers to Being Physically Active instrument) were also
comparable between surgery and medical management at
3 months in both studies but differed at 12 months (Ding
et al., 2015; Halperin et al., 2014). Halperin et al. (2014)
found that physical activity barriers were lower following
Roux-en-Y gastric bypass surgery compared with medical
management (Halperin et al., 2014), while Ding et al. (2015)
found no significant differences in physical activity barriers
between laparoscopic adjustable gastric band surgery and
medical management (Ding et al., 2015).

In a recent high quality comparative effectiveness trial,
Murphy et al. (2018) compared two surgical weight loss pro-
cedures and reported greater weight loss with silastic-ring
laparoscopic Roux-en-Y gastric bypass surgery (similar to
standard Roux-en-Y gastric bypass surgery with the addition
of a silastic ring) compared to laparoscopic sleeve gastrec-
tomy surgery at 12 months [43 (n=114)]. However, this
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difference in weight loss did not translate into improvements
in PROs as generic HRQOL (SF-36 instrument total and
domain scores), and anxiety and depression (Hospital Anxi-
ety and Depression Scale) were comparable between the two
surgical procedures at 12 months (Murphy et al., 2018).

Pharmacological interventions

Three studies comprising 1705 participants used pharma-
cological methods to elicit weight loss (Davies et al., 2015;
Kipnes et al., 2010; Kaukua et al., 2004). One of these stud-
ies reported greater weight loss with 15 mg sibutramine
daily compared to a relatively non-active placebo control at
12 months [45 (n=236); moderate quality study]. However,
no significant differences were found across eight HRQOL
domains (SF-36 instrument: physical functioning, physical
role functioning, emotional role functioning, vitality, mental
health, social functioning, bodily pain, and general health)
between sibutramine and placebo at 3, 6, 9, and 12 months
(Kaukua et al., 2004).

Kipnes et al. (2010) reported more weight loss with
0.5 mg, 1 mg, and 2 mg taranabant daily compared to a
relatively non-active placebo control at 9 and 12 months
[44 (n=623)]. No significant differences in global mood
(Profile of Mood States Brief Form instrument) were found
between the three doses of taranabant (0.5 mg, 1 mg, and
2 mg daily) and placebo at 12 months; however, the anger-
hostility and depression-dejection scales of the Profile of
Mood States Brief Form instrument deteriorated with 2 mg
taranabant daily compared to placebo at 12 months (Kipnes
et al., 2010). Further, 0.5 mg and 1 mg taranabant daily, but
not 2 mg taranabant daily, produced higher confusion-bewil-
derment scores compared to placebo at 12 months (Kipnes
et al., 2010). Although Kipnes et al. (2010) reported assess-
ing generic HRQOL (SF-36 instrument) and obesity-specific
HRQOL (IWQOL-Lite instrument) in the methods, corre-
sponding results were not reported in-text and the overall
PRO reporting quality was low (Kipnes et al., 2010).

Davies et al. (2015) reported more frequent weight loss
(>5% or>10% body weight) with 1.8 mg and 3.0 mg lira-
glutide daily compared to a relatively non-active placebo
control at 56 weeks [35 (n=2846); high quality study]. Addi-
tional pairwise comparisons indicated that 3.0 mg liraglutide
daily produced significantly more > 5% and > 10% weight
loss than 1.8 mg liraglutide daily (Davies et al., 2015).
Satisfaction with diabetes treatment (Diabetes Treatment
Satisfaction Questionnaire) and obesity-specific HRQOL
(IWQOL-Lite total and physical function domain scores)
was greater in 3.0 mg liraglutide daily, but not 1.8 mg
liraglutide daily, group compared to placebo at 56 weeks
(Davies et al., 2015). There were no significant differences
between either of the liraglutide doses and placebo for the
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self-esteem, sexual life, public distress, or work domains at
56 weeks (Davies et al., 2015).

Multi-component lifestyle interventions (including
a physical activity component)

Six trials (10 papers) reporting on 6055 participants used a
combination of weight loss intervention methods to elicit
weight loss, often in the form of lifestyle interventions. In
the Look AHEAD trial (n=5145), participants assigned to
intensive lifestyle intervention (a combination of moderate-
intensity physical activity, diet modification via replacing
meals with liquid shakes and meal bars, weight loss medi-
cation, and individual and group counselling) lost more
weight than those assigned to general diabetes support and
education (standard diabetes education sessions focused
on exercise, nutrition, and social support) at 12 (Foy et al.,
2011; Stewart et al., 2011; Williamson et al., 2009; Wing
et al., 2010) and 96 months (Rejeski et al., 2015), based on
moderate to high quality evidence. Williamson et al. (2009)
reported greater improvement in physical function (SF-36
instrument) with intensive lifestyle intervention compared to
diabetes support and education at 12 months [31 (n=5145)].
Physical function (SF-36 instrument) was also higher with
intensive lifestyle intervention compared to diabetes sup-
port and education at 12 and 96 months; an effect which
was more pronounced in older participants [29 (n=4998)].
In contrast, there were no significant group differences in
the mental component summary of the SF-36 instrument
at 12 months (Williamson et al., 2009). Williamson et al.
(2009) also reported larger reductions in depressive symp-
toms (Beck Depression Inventory-II) with intensive lifestyle
intervention compared to diabetes support and education at
12 months (Williamson et al., 2009). Stewart et al. (2011)
found that perceived current body size, but not perceived
ideal body size (Body Morph Assessment Version 2.0) was
greater in the intensive lifestyle intervention compared to
diabetes support and education at 12 months [30 (n=157);
moderate quality study]. Perceptions of acceptable body size
were higher in the diabetes support and education group
compared to the intensive lifestyle intervention group at
12 months among both men and women (Stewart et al.,
2011). Wing et al. (2010) reported better erectile function
(International Index of Erectile Function-5) with intensive
lifestyle intervention compared to diabetes support and
education at 12 months among older men [32 (n=372);
moderate quality study]. In a subset of the Look AHEAD
sample with knee pain, Foy et al. (2011) reported reduced
pain and improved physical function related to knee pain
and discomfort (modified Western Ontario and McMaster
Universities Osteoarthritis Index) with intensive lifestyle
intervention compared to diabetes support and education at
12 months [28 (n=2203); high quality study]. Self-reported

knee stiffness did not differ between the groups at 12 months
(Foy et al., 2011).

Two studies used exercise as a primary component of
a 16-week multi-component weight loss program (Mens-
berg et al., 2017; Wycherley et al., 2014). Wycherley et al.
(2014) reported greater weight loss with an energy-restricted
diet plus resistance training exercise program compared to
an energy-restricted diet alone at 16 weeks [47 (n=106);
moderate quality study]. However, there were no significant
group differences in diabetes-specific HRQOL (Diabetes-39
instrument total score, energy and mobility, diabetes control,
anxiety and worry, social burden, and sexual functioning
domain scores) or diabetes-related emotional distress (Prob-
lem Areas in Diabetes instrument total score) at 16 weeks
(Wycherley et al., 2014). The Mensberg et al. (2017) study
found no significant differences in weight loss or generic
HRQOL (SF-36 instrument total score) between exercise
(spin classes and resistance training) plus liraglutide rela-
tive to exercise alone at 16 weeks [46 (n=34); low quality
study].

Moncrieft et al. (2016) reported no significant differences
in weight loss between lifestyle intervention (17 structured
sessions focusing on exercise and diet modification, com-
bined with cognitive-behavioural and social learning treat-
ment approaches) and standard diabetes care (received
a short educational booklet on diabetes management) at
12 months in patients with significant depressive symp-
toms (Beck Depression Inventory-II total score > 11) [48
(n=111); high quality study]. Despite the absence of group
differences in weight loss, depressive symptoms reduced
more with intensive lifestyle intervention compared to stand-
ard diabetes care at 12 months (Moncrieft et al., 2016).

Two studies used a combination of pharmacological
agents and lifestyle intervention to elicit weight loss (Woo
et al., 2007; O’Neil et al., 2012). In Woo et al. (2007) partici-
pants received 360 mg Orlistat daily for 6 months and were
then randomised to 6 months of lifestyle intervention (euca-
loric meal plan, exercise program, and peer group support) or
arelatively non-active control [33 (n=155)]. In this low qual-
ity study, participants assigned to the lifestyle intervention
group lost significantly more weight and had better generic
HRQOL (SF-36 instrument total score, Chinese Version)
than participants assigned to the non-intervention control
group at 12 months (Woo et al., 2007). However, there were
no significant group differences in obesity-related HRQOL
(Obesity-Related Well-Being 97) at 12 months (Woo et al.,
2007). O’Neil et al. (2012) reported greater weight loss with
lorcaserin (10 mg or 20 mg daily) plus lifestyle interven-
tion (specific advice about exercise, calorie restriction, food
choices, and behaviour modification techniques) relative to
lifestyle intervention alone at 12 months [49 (n=604)]. This
moderate quality study found better obesity-related HRQOL
(IWQOL-Lite instrument total score) with 10 mg lorcaserin
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daily, but not 20 mg lorcaserin daily, plus lifestyle interven-
tion compared to lifestyle intervention alone at 12 months
(O’Neil et al., 2012). There were no significant differences
in depressive symptoms (Beck Depression Inventory-II)
between the two doses of lorcaserin (10 mg and 20 mg daily)
plus lifestyle intervention and lifestyle intervention alone at
1, 6, or 12 months (O’Neil et al., 2012).

Multi-component lifestyle interventions (no physical
activity component)

Berk et al. (2018) reported similar weight loss with stand-
ard diabetes care (semi-annual consultations with a diabetes
nurse) plus 17 group cognitive-behavioural therapy sessions
compared to standard diabetes care alone at 24 months [7
(n=158)]. However, participants in this moderate quality
study who received standard diabetes care plus group cog-
nitive-behavioural therapy reported better HRQOL (EQ-5D
instrument) at 24 months than those who received diabetes
care alone (Berk et al., 2018). There were no significant
group differences in other PROs, including anxiety and
depression (Hospital Anxiety and Depression Scale), self-
esteem (Rosenberg Self-Esteem Scale), fatigue (Checklist
Individual Strength instrument), eating concern, weight
concern, and shape concern (Eating Disorder Examination
Questionnaire) at 24 months (Berk et al., 2018).

Discussion
Synthesis of results and clinical implications

This systematic review investigated PROs associated with
weight loss interventions in overweight and obese adults
with T2D, and to provide a context within which to interpret
PRO results, it also documented the effectiveness of such
interventions in terms of weight loss. Weight loss in over-
weight and obese T2D has many benefits including improved
insulin sensitivity, cardiac function, and cholesterol. How-
ever, weight loss does not consistently improve HRQOL and
physical and psychosocial function. It may be that weight
loss is just one component of treatment for overweight and
obese adults with T2D.

Evidence from 23 RCTs revealed that multicomponent
interventions tend to improve physical function but not
psychological/emotional function unless a psychosocial
component was included. Changes in PROs were reported
in the absence of weight loss following multi-component
interventions focused on diet and exercise combined with
cognitive-behavioural and social learning techniques, sug-
gesting improvements in PROs are more likely if an inter-
vention targets symptomology and functioning. Combined
exercise and diet interventions led to greater weight loss
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than diet alone, but did not consistently translate to improved
diabetes-specific HRQOL or emotional distress. These inter-
ventions targeted weight loss and not HRQOL impairment
due to having a chronic condition like T2D. As is becoming
increasingly common in clinical practice, a holistic approach
to the treatment and management of obesity and T2D is
needed.

Surgery produced the fastest and most substantial weight
loss, particularly in the first 3 months post-surgery, but did
not reliably correspond to improvements in HRQOL, emo-
tional distress or barriers to being physically active. This
is not surprising given extensive surgery will likely impair
functioning and HRQOL in the short-term during recovery
from surgery. Diet interventions produced greater weight
loss relative to non-active controls and improved HRQOL
but not self-esteem and depression. No difference was found
in weight loss and PROs between low- and high-carbohy-
drate diets, suggesting both are equally effective. Weight loss
from medication did not translate to improved HRQOL or
mood, and it appears that mood changes may be a possible
side-effect of some pharmacological interventions. However,
these findings came from low quality studies so should be
interpreted with caution. Overall, diet, surgical or pharmaco-
logical interventions are effective for weight loss but do not
consistently improve PROs. No study reported that partici-
pants who underwent dietary, surgical, pharmacological or
multi-component lifestyle interventions gained weight from
baseline to post-intervention.

Building upon findings from existing reviews examin-
ing weight-loss induced changes in biological outcomes in
overweight and obese adults with T2D (Franz et al., 2015;
Norris et al., 2004), we found that: (a) PROs were typically
secondary or tertiary outcomes, and that the reporting qual-
ity of these outcomes was low and likely prone to publi-
cation bias (i.e., negative findings unlikely reported); and
(b) several of the studies did not find any significant dif-
ferences/improvements in PROs. These factors combined
suggest that particularly dietary, surgical and pharmaco-
logical interventions have little impact on important PROs
in this population. These interventions were designed for
weight loss and do not target any underlying problems or
reasons for weight gain (or maintaining weight loss) and
therefore unlikely to directly affect PROs. The results from
this review suggest that weight loss itself does not translate
to improved PROs; rather, interventions targeting multiple
components, for example, weight loss, lifestyle, and psy-
chosocial well-being had the greatest impact on improving
PROs. Interventions targeting a specific PRO such as psy-
chological function may be most effective at improving that
specific outcome. Exercise, a well-established intervention
to improve self-reported physical and psychological health
in diverse populations (Sweegers et al., 2018; Schuch et al.,
2016; Cai et al., 2017; Jadczak et al., 2018) was included in
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most of the multi-component lifestyle interventions, which
may partially explain the physical function benefits observed
in these interventions. Considering the benefits of counsel-
ling for mental health outcomes in primary care patients
(Bower et al., 2011), it is also plausible that counselling
contributed to improvements in PROs from multi-compo-
nent lifestyle interventions comprising counselling. While
the exact causative pathway between obesity, weight loss,
intervention type and PROs is inconclusive, interventions
that target weight loss as well as symptomology and func-
tioning have the greatest effect on improving PROs.

There were limited evidence that surgical and pharma-
cological interventions benefit PROs more than medical
management or placebo control. Few PROs worsened from
baseline to follow-up assessments post-intervention, indicat-
ing that a scheduled weight loss program should not produce
harmful changes in patient HRQOL. However, as one study
found worsened mood from specific doses of medication,
clinicians should consider potential side-effects when rec-
ommending pharmacological interventions (Kipnes et al.,
2010). Overall, the evidence indicates that clinicians should
favour dietary and multi-component lifestyle intervention
methods if the principal therapeutic aim is to maximise
PROs, such as HRQOL.

Comment on reporting of PRO data

Overall, there was no association between general RCT
reporting and PRO-specific reporting, and the reporting of
PRO data across the included studies was relatively poor.
There were several instances where authors mentioned a spe-
cific PRO measure in the methods section but failed to report
data for that PRO measure in the results (e.g., self-image,
SF-36 and IWQOL-Lite questionnaires) (Woo et al., 2007,
Kipnes et al., 2010). Similarly, some authors listed a range of
PRO assessment time-points but failed to report data for all
time-points assessed (Berk et al., 2018; O’Neil et al., 2012).
Other authors presented some PRO results through a general
statement of significance but failed to report corresponding
numerical data (e.g., means, standard deviations and confi-
dence intervals), either in-text or tabular (Brinkworth et al.,
2016; Kaukua et al., 2004; Mensberg et al., 2017). Without
these statistics, such PRO findings cannot be included in
future meta-analyses, increasing the risk of publication bias
as most of these non-numerical results were not statistically
significant.

Further, it was often ambiguous what stage of the clini-
cal trial the authors collected baseline PROs. Some papers
explicitly stated that baseline was pre-intervention (e.g.,
before randomisation or at randomisation) (Berk et al.,
2018; Foy et al., 2011; Woo et al., 2007; Khoo et al., 2011;
Murphy et al., 2018; Wycherley et al., 2014), although most

failed to state baseline relative to the intervention. In one
paper, the authors assessed weight loss-specific HRQOL at
baseline and depression at randomisation without clarifying
the temporal difference between them (O’Neil et al., 2012).
Only one study reported minimal clinically important dif-
ferences in PRO data (Davies et al., 2015). Future studies
should also endeavour to report minimal clinically impor-
tant differences in PRO data wherever possible (in addition
to statistical significance) to facilitate translation of RCT
results from research into clinical practice.

In instances where PRO data reporting was adequate,
authors: (a) utilised tables showing mean PRO scores at
baseline and at all subsequent PRO assessment time-points,
with a measure of dispersion (e.g., confidence intervals) and
effect size, and (b) provided mean differences and labelled
p-values for both within- and between-group differences.
Suboptimal reporting may be improved with adherence
to reporting guidelines, such as CONSORT-PRO (Calvert
et al., 2013). Transparency in study design, conduct, and
reporting of results is needed to ensure scientific rigour and
aid in interpretation of study results.

Limitations

Our review had several limitations. Firstly, our review was
not pre-registered. Secondly, our search did not extend to
grey literature or non-electronic databases, and we did not
contact authors for unpublished PRO data from previous
weight loss intervention trials. It is also possible that addi-
tional databases (e.g., PsycINFO) may have contained other
relevant studies that were excluded from our review. Thirdly,
there was large variation in the sample sizes of the included
studies, ranging from 31 (Khoo et al., 2011) to 5045 (Look
AHEAD trial) (Williamson et al., 2009). Rather than exclud-
ing studies with small sample sizes, we have explicitly stated
sample sizes, noting that small studies may lack reliability
and generalisability and may be more susceptible to outliers
than larger studies with more participants (IntHout et al.,
2015). Our narrative synthesis approach was necessary due
to heterogeneity of the weight loss interventions and PRO
assessment intervals. Although we organised weight loss
interventions into subgroups (e.g., diet, surgery, multicom-
ponent), we acknowledge that, within these groups, there are
still differences in intervention dose and design. Finally, we
used BMI as a criterion for study eligibility as few studies
report excess adiposity. Several meta-analyses have demon-
strated that the BMI scale has low-to-moderate sensitivity
to detect excess adiposity in both adults and children (Javed
et al., 2015; Okorodudu et al., 2010). As such, future reviews
could assess body composition using alternative measures,
such as abdominal adiposity or body fat percentage.

@ Springer



888

J Behav Med (2020) 43:873-891

Conclusion and future directions

Diet, surgery, pharmacological and multi-component life-
style interventions are effective at reducing weight in over-
weight and obese adults with T2D. However, weight loss
does not consistently improve PROs. When weight loss is
the sole treatment objective, clinicians can prescribe indi-
vidualised weight loss treatment programs suited to the
patients’ preference to maximise adherence. When improve-
ment in PROs is a principal therapeutic objective in addi-
tion to weight loss, clinicians should consider multi-com-
ponent lifestyle interventions that target weight loss as well
as symptomology and functioning. Few studies compared
weight loss and PRO data between different intervention
methods, limiting the scope for appraisal of one weight
loss intervention relative to another in terms of benefits and
harms to patients. Given the suboptimal reporting of PRO
data across the included studies, future authors are encour-
aged to adhere to standardised reporting guidelines, such as
CONSORT-PRO (Calvert et al., 2013).
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Appendix 1: Search strategy terms

Weight

1. Obesity.ti,ab,mp

2. Obese.ti,ab

3. BMlI.ti,ab

4. (body mass index).ti,ab
5. Overweight.ti,ab

6. Or/1-5

Diabetes

7. Diabetes.ti,ab,mp
8. Diabetic.ti,ab
9. Or/7-8

PROs

10. (patient reported outcome* or PRO or PROM).ti,ab

11. ((quality adjl life) or QOL or HRQOL or HRQL or
HQL or HQOL).ti,ab

12. pain.ti,ab

13. sleep. ti,ab

14. distress.ti,ab

@ Springer

15. depression.ti,ab

16. anxiety.ti,ab

17. (physical function®).ti,ab
18. Physical activit®.ti,ab

19. Social activit*.ti,ab

20. Daily activit*.ti,ab

21. Social function*.ti,ab

22. [Isolation.ti,ab

23. (body image).ti,ab

24. sexual*.ab,ti

25. (fatigue or tired*).ab,ti
26. (appetite or satiety or satiate*).ab,ti
27. or/10-26

Weight change outcomes

28. (weight loss).ab,ti

29. (weight reduction*).ab,ti

30. (weight chang*).ab,ti

31. (weight loss intervention*).ab,ti
32. (weight loss program*).ab,ti
33. Or/28-32

Trial design

34. (clinical trial*).sh,ab,ti
35. (randomi$ed controlled trial or controlled clinical

trial).pt
36. (randomiS$ed or randomly).ab
37. or/34-36

Exclusions terms

38. p$ediatric.ti,ab

39. (children or child or infant).ti,ab

40. Childhood.ti,ab

41. Youth.ti,ab

42. Adolescent*.ti,ab

43. animal*.mp,ti,ab

44. (mouse or rat or mice).ti,ab

45. (review adj3 (record* or image*)).ab
46. incidence.ti,ab

47. prevalence.ti,ab

48. case study.ti,ab

49. (qualitative or (patient interview¥)).ti,ab
50. (longitudinal cohort stud*).ab,ti

51. (prospective cohort stud*).ab,ti

52. (prospective stud*).ab,ti

53. (prospective trial).ti,ab

54. (cross-sectional stud*).ti,ab

55. “invivo”.mp
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56. “in vitro”.mp

57. or/38-56
58. 6and 9 and 27 and 33 and 37
59. 58 not 57

Appendix 2: PRO measure abbreviations
presented in order of appearance in Table 1

PRO measure abbre-
viation

PRO measure full
name

Construct assessed

PRO measure abbre- PRO measure full Construct assessed
viation name
POMS Profile of Mood Mood
States
BDI-II Beck Depression Depression
Inventory II
STAI State-Trait Anxiety Anxiety
Inventory
D-39 Diabetes-39 Diabetes-specific qual-
ity of life
PAID Problem Areas in Diabetes-related
Diabetes distress
SF-36 36-Item Short Form  Health status and
Survey health-related quality
of life
IWQOL-Lite Impact of Weight on  Obesity-specific qual-
Quality of Life-Lite ity of life
DDS Diabetes Distress Diabetes-related emo-
Scale tional distress
PHQ-9 Patient Health Ques- Depression
tionnaire-9
IIEF-5 International Index ~ Diagnostic tool for
of Erectile Func- erectile dysfunction
tion-5
EQ-5D EuroQol-5D Health-related quality
of life
BBPA Barriers to Being Barriers to engaging in
Physically Active regular exercise
HADS Hospital Anxiety and Anxiety and depres-
Depression Scale sion
DTSQ Diabetes Treatment  Satisfaction with
Satisfaction Ques- diabetes treatment
tionnaire regimens
POMSDH Profile of Mood Mood
States Brief Form
Modified WOMAC  Modified West- Pain, stiffness and
ern Ontario and physical function
McMaster Univer- of the knee and hip
sities Osteoarthritis  joints
Index
BMA 2.0 Body Morph Assess- Body image
ment Version 2.0
RSES Rosenberg Self- Self-esteem

Esteem Scale

CIS Checklist Individual ~ Fatigue
Strength

EDE-Q Eating Disorder Range and severity
Examination Ques-  of eating disorder
tionnaire features

ORWELL 97 Obesity-Related Obesity-specific qual-
Well-Being 97 ity of life
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