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ABSTRACT
Introduction The effects of lifestyle interventions in persons 
with type 2 diabetes (T2D) on health- related quality of life 
(HRQoL) and subjective well- being are ambiguous, and no 
studies have explored the effect of exercise interventions that 
meet or exceed current recommended exercise levels. We 
investigated whether a 1- year intensive lifestyle intervention 
is superior in improving HRQoL compared with standard care 
in T2D persons.
Research design and methods We performed secondary 
analyses of a previously conducted randomized controlled 
trial (April 2015 to August 2016). Persons with non- insulin- 
dependent T2D (duration ≤10 years) were randomized 
to 1- year supervised exercise and individualized dietary 
counseling (ie, ‘U- TURN’), or standard care. The primary 
HRQoL outcome was change in the 36- item Short Form 
Health Survey (SF-36) physical component score (PCS) 
from baseline to 12 months of follow- up, and a key 
secondary outcome was changes in the SF-36 mental 
component score (MCS).
Results We included 98 participants (U- TURN group=64, 
standard care group=34) with a mean age of 54.6 years 
(SD 8.9). Between- group analyses at 12- month follow- up 
showed SF-36 PCS change of 0.8 (95% CI −0.7 to 2.3) in 
the U- TURN group and deterioration of 2.4 (95% CI −4.6 
to −0.1) in the standard care group (difference of 3.2, 95% 
CI 0.5 to 5.9, p=0.02) while no changes were detected in 
SF-36 MCS. At 12 months, 19 participants (30%) in the 
U- TURN group and 6 participants (18%) in the standard 
care group achieved clinically significant improvement in 
SF-36 PCS score (adjusted risk ratio 2.6, 95% CI 1.0 to 4.5 
corresponding to number needed to treat of 4, 95% CI 1.6 
to infinite).
Conclusion In persons with T2D diagnosed for less than 10 
years, intensive lifestyle intervention improved the physical 
component of HRQoL, but not the mental component of 
HRQoL after 1 year, compared with standard care.
Trial registration number NCT02417012.

Significance of this study

What is already known about this subject?
 ► The effects of lifestyle intervention in persons with 
type 2 diabetes (T2D) on mental health- related qual-
ity of life (HRQoL) and subjective well- being (SWB) 
are not clear, and little is known about the effects of 
longer term lifestyle interventions with high volumes 
of exercise (at or greater than current recommended 
levels) on HRQoL and SWB.

 ► No long- term randomized control studies exploring 
HRQoL and SWB have used objectively measured 
levels of exercise or adherence.

What are the new findings?
 ► Lifestyle intervention with high volumes of exercise 
results in modest improvements in physical HRQoL 
compared with standard care, partly due to a deteri-
oration in the standard care group.

 ► Lifestyle intervention with high volumes of exercise 
has no significant effect on either mental HRQoL 
or SWB, potentially due to relatively high baseline 
scores.

How might these results change the focus of 
research or clinical practice?

 ► Persons with short- standing T2D and no diabetes- 
related complications will likely not experience any 
major improvements in mental HRQoL or SWB via 
lifestyle intervention, even when significant reduc-
tions in the need for glucose- lowering medications 
are achieved; potentially reducing chances for long- 
term adherence.

 ► Future studies should explore the effects of lifestyle 
intervention on HRQoL and SWB in persons with T2D 
with diabetes- related complications and/or compro-
mised levels of HRQoL and SWB.
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BACKGROUND
Improving health- related quality of life (HRQoL) and 
subjective well- being (SWB) should be a central aspect 
in the care of persons with type 2 diabetes (T2D) given 
that persons with poor mental health show lower adher-
ence to treatment and lower glycemic control1–3 leading 
to increased risk of long- term complications.4

The recommended management strategies of T2D 
include lifestyle changes (diet, exercise, and weight loss) 
prior to or in parallel with the initiation of pharmacolog-
ical therapy.5 Lifestyle changes, specifically exercise, have 
shown to improve mental health especially in people with 
overt depression and anxiety.6 7 Various psychosocial (eg, 
self- efficacy) or biological (eg, neuroplasticity) hypoth-
eses have been suggested to explain the positive effects of 
exercise on mental health.6 However, the effects of exer-
cise on persons’ reported well- being in persons with T2D 
have been mixed.8 The Look AHEAD (Action for Health 
in Diabetes) study is the largest and longest running study 
in persons with T2D designed to determine if weight loss 
achieved through lifestyle reduces the risk of cardiovas-
cular mortality and morbidity.9 A 1- year follow- up study 
reported reduced symptoms of depression,10 as well as 
improved HRQoL,11 specifically in relation to the physical 
component of HRQoL12 in the intervention group of the 
Look AHEAD study. A recent systematic review involving 
persons with T2D found that 15 out of 20 studies showed 
a positive effect of aerobic exercise on QoL, whereas the 
effect of resistance training was mixed.13 Analyses of the 
Italian Diabetes and Exercise Study (IDES) reported that 
to achieve significant improvement in physical HRQoL, 
the exercise volume had to be at least 17.5 MET hours/
week (corresponding to approximately 210 min of 
moderate exercise per week).14 This exercise volume 
exceeds current minimum exercise recommendations 
of 150 min of moderate to vigorous aerobic exercise, 
and two to three strength training sessions per week.15 
A limited number of studies have specifically explored if 
exercise and HRQoL are associated in a dose- dependent 
manner. These studies indicate that higher exercise levels 
are associated with higher HRQoL.16 17

However, methodological issues in relation to design, 
exercise adherence, and study duration make the inter-
pretation of earlier studies challenging. The vast majority 
of studies have prescribed exercise volumes that are lower, 
or near current minimum exercise recommendations. 
Thus, very little is known about the potential benefits (or 
harms) of exercise volumes exceeding current recom-
mendations. Therefore, the mixed results so far relating 
the effects of exercise on HRQoL could be a result of few 
studies exploring the effects of exercise levels exceeding 
the current minimum recommendation. Recently, we 
reported the results from a 12- month intensive life-
style intervention (ie, ‘U-TURN’ intervention), which 
employed exercise volumes two times greater than current 
recommendations. The results showed that T2D persons 
had a higher likelihood of achieving discontinuation of 

glucose- lowering medications while maintaining optimal 
HbA1c levels, compared with persons receiving standard 
care.18 However, the effect on HRQoL was not reported. 
Using protocolized HRQoL data obtained in U- TURN, 
the aim of the present study was to investigate whether 
the ‘U- TURN’ intervention may be superior in improving 
HRQoL and/or mental health compared with standard 
care in persons with T2D.

METHODS
Study design
The original trial (U- TURN) is registered at  ClinicalTrials. 
gov, and a detailed description of the study protocol19 
and primary results18 have been published previously. 
In brief, the U- TURN study was a single- center, assessor- 
blinded, two- arm, parallel- group trial designed to test 
whether an intensive lifestyle intervention was equally 
effective in maintaining glycemic control compared with 
standard care in persons with T2D in the Capital Region 
of Denmark.18 Participants were randomized in a 2:1 
ratio in permuted blocks of 3 and 6, stratified by sex. The 
12- month follow- up was finalized in August 2016 and the 
primary results were published in 2017.18 For this study, a 
prespecified statistical analysis plan was developed prior 
to conducting any of the secondary analyses (online 
supplemental material 1).

Participants and eligibility
In brief (see ref 18 19 for details), 98 participants were 
included in the U- TURN study. Participants recruited 
to the study were diagnosed with T2D within the last 
10 years, aged ≥18 years, and had a body mass index of 
≥25 but ≤40 kg/m2. Exclusion criteria were severe comor-
bidities and/or insulin usage or HbA1c >9% (75 mmol/
mol).

Prior to baseline measurements, participants had their 
glucose- lowering, lipid- lowering, and blood pressure- 
lowering medications titrated by the study endocrinolo-
gist according to prespecified treatment targets.

Intervention
The U- TURN intervention has previously been described 
in detail.19 In brief, both groups received standard care, 
consisting of medical counseling, lifestyle advice, and 
education in T2D provided by a study nurse at baseline 
and every third month during the 12- month intervention 
period.

In addition, the U- TURN group received two primary 
interventions: increased levels of structured exercise 
and individualized meal plans. The recommended 
training volume in the intervention was prescribed to 
reach 240–300 min of aerobic training/week and two or 
three resistance training sessions/week. All training was 
performed in groups and supervised across the study 
period. Supervision was gradually reduced and supported 
by online supervision. A clinical dietician prepared indi-
vidual meal plans and the implementation was continu-
ously discussed during group sessions (same groups as 
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the training groups) and during individual counseling. 
In addition, four supportive interventions were applied: 
support of increased sleep duration, support of increased 
levels of daily physical activity, self- monitoring of behav-
iors related to the other interventions, and diabetes 
management and education.

Measurements
HRQoL was assessed using the 36- item Short Form Health 
Survey (SF-36), version 1. This 36- item generic question-
naire consists of eight subscales (physical functioning, 
role physical, bodily pain, general health, vitality, social 
functioning, role emotional, mental health), which can 
be further aggregated into a physical component score 
(PCS) and mental component score (MCS).20 The scores 
have a mean of 50 and an SD of 10 in the US general 
population with higher scores indicating better health. In 
Denmark, general population studies have found slightly 
better mean scores: PCS=52 and MCS=54.21 The SF-36 
has been used in many studies with persons with diabetes 
and has shown good reliability, known groups validity, 
predictive validity, and responsiveness to change.22–24

Well- being was assessed using the Mental Health 
Continuum- Short Form (MHC- SF) and the Warwick- 
Edinburgh Mental Well- Being Scale (WEMWBS). The 
MHC- SF is a 14- item generic questionnaire measuring 
emotional, social, and psychological well- being. Each 
item is scored on a 6- point Likert scale with higher scores 
indicating better well- being and mental health.25 The 
MHC- SF has shown high internal consistency, discrimi-
nant validity, and has been shown to be highly reliable over 
time.25–27 The MHC- SF categorizes three levels of positive 
mental health: flourishing, moderate, or languishing. A 
diagnosis of flourishing mental health requires that the 
participant experience ‘every day’ or ‘almost every day’ 
at least 1 out of 3 signs of hedonic well- being and in addi-
tion 6 of 11 possible signs of positive functioning during 
the past 4 weeks. A diagnosis of languishing requires the 
participant to experience ‘never’ or ‘once or twice’ at 
least one of the measures of hedonic well- being and low 
levels on at least 6 of the 11 signs of positive functioning. 
Participants that are neither flourishing nor languishing 
are diagnosed as having moderate mental health. The 
WEMWBS is a 14- item generic scale measuring mental 
health and mental well- being with Likert scale response 
options for each item ranging from 1 (none of the time) 
to 5 (all of the time). Total scores can range from 14 to 
70, with higher scores indicating better mental well- being 
and health.28 The WEMWBS has shown high internal 
consistency and has been found appropriate to use in 
the Danish population.29 Mood was assessed using the 
Global Mood Scale (GMS). The scale consists of positive 
(eg, active) and negative terms (eg, helpless) that each 
is rated on a 5- point Likert scale from 0 (not at all) to 4 
(extremely). Scores on both the negative affect and posi-
tive affect scales range from 0 to 40. Both the negative 
affect and positive affect scales of the GMS are internally 
consistent.30 31

All measurements (ie, SF-36, MHC- SF, WEMWBS, GMS) 
were self- reported and assessed at baseline, and at 6, 8, 
10, and 12- month follow- up, except for WEMWBS, which 
was assessed only at baseline and at 12- month follow- up. 
All assessments were carried out in parallel to collection 
of physiological data in the parent trial (U- TURN) (ie, 
same time points except for 8 and 10- month follow- up). 
All exercise and physical activity data were registered via a 
Polar V800 watch (Finland). Participants were instructed 
to wear the watch 24 hours/day throughout the inter-
vention. Details of exercise volume measurement 
methods were described in the prepublished protocol.19 
Assessments were performed in one laboratory and the 
biochemical analyses were completed at the central 
laboratory (Rigshospitalet, Denmark) using standard 
procedures.

Outcomes
The primary outcome was change in the PCS from base-
line to 12- month follow- up. Key secondary outcomes 
include change in MCS from baseline to 12- month 
follow- up and the proportion of responders, that is, 
participants achieving a clinically significant improve-
ment from baseline to 12- month follow- up in PCS: 
defined as a component score ≥3.4 point change,15 and 
MCS: defined as a component score ≥4.6 point change.32 
Exploratory outcomes include change in the SF-36 
subscales, MHC- SF total score, MHC- SF categorical score, 
change in WEMWBS, and change from baseline in the 
positive and negative affect scores derived from the GMS, 
all at 12 months of follow- up.

Sample size and power considerations
No formal power or sample size analyses were performed 
for the present secondary analysis study. However, for 
a two- sample pooled t- test of a normal mean differ-
ence with a two- sided significance level of 0.05, a total 
sample size of 96 (allocation ratio of 2:1) has a 95.5% 
likelihood to detect a statistically significant standardized 
mean difference (SMD) of 0.8 (36). An SMD is the ratio 
between the group difference and the pooled SD, and an 
SMD of 0.8 is considered a large effect.33 Also, the study 
would have a power of approximately 80% to detect SMD 
of 0.6 (moderate effect size).33 Thus, assuming that 98 
participants will be available from the intention- to- treat 
(ITT) population (64 vs 34), we should have sufficient 
statistical power (>80%) to detect a statistically signifi-
cant difference between the groups corresponding to a 
moderate to large effect size.

Statistical analysis
The primary analysis was based on the ITT population34 
including all randomized participants with available data 
at baseline. Missing data were handled indirectly using 
mixed models that provide valid statistical inference 
assuming that data are ‘Missing At Random’.35 A repeated 
measures linear mixed model was used including the 
participant as a random effect factor; fixed effects were 
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treatment group (two levels), time (five levels), the inter-
action between treatment group and time, and the value 
of the outcome at baseline. A gatekeeping procedure 
using serial testing was applied to adjust multiplicity.36 
The analyses were performed in sequence until one of 
the analyses failed to show a significant difference or all 
analyses had been completed at a statistical significance 
level of 0.05 (two tailed).

Categorical changes for dichotomous endpoints as well 
as categorical endpoints were analyzed with the use of 
logistic regression with participant as a random effect, 
and treatment group, time, the interaction between treat-
ment group and time, and the value of the outcome (on 
a continuous scale) at baseline as fixed effects (similar to 
the analyses of continuous outcomes). From the logistic 
regression models, the resulting OR values and 95% 
CIs were converted into approximate risk ratios (RR).37 
From the RRs, we estimated the absolute risk difference 
(RD), which was used to estimate the number needed 
to treat (NNT) by taking the reciprocal of the RD. The 
NNT communicates the effect size in absolute terms38 
by indicating how many persons with diabetes that on 
average must be managed with the U- TURN intervention 

rather than standard care to achieve one additional good 
outcome.

Sensitivity analyses included non- responder imputa-
tion of missing data (ie, ‘Baseline Observation Carried 
Forward’) and crude analysis of the potentially biased 
per- protocol population.39 The per- protocol population 
was defined specifically by adherence to medication 
and attendance to medical consultations, and for the 
U- TURN group, specifically, attendance to 70% or more 
of the prescribed exercise sessions. Further details are 
available in the statistical analysis plan (online supple-
mental material 1). All analyses were performed in the 
statistical program R (V.3.5.1),40 with the packages lme441 
and nlme.42

RESULTS
A total of 98 participants were included, 64 in the 
U- TURN group and 34 in standard care (figure 1). At 
baseline, participants had a mean age of 54.6 years (SD 
8.9) and SF-36 PCS median score of 55.1 points (IQR 
49.7–57.7) (table 1). In total, three participants had 
depression at baseline: two in the standard care group 

Figure 1 Flow of participants through the study. BMI, body mass index; HbA1c, glycated hemoglobin A1c; StC, standard 
care.
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and one in the U- TURN group. Of these, only the partic-
ipant in the U- TURN group reported receiving antide-
pressant medical treatment at baseline.

From baseline to 12- month follow- up, the U- TURN 
group reported a mean change of 0.8 (95% CI −0.7 to 
2.3) in PCS scale, while the standard care group reported 
a mean decline in PCS score of 2.4 (95% CI −4.6 to −0.1). 
The corresponding difference between groups was 3.2 
(95% CI 0.5 to 5.9, p=0.020) in favor of the U- TURN 
intervention (table 2).

According to the trajectories, the difference between 
groups mainly appeared at 12- month follow- up (figure 2).

In the U- TURN group, 19 (30%) participants reported 
a clinically significant improvement in the PCS score 
(ie, responders) at 12- month follow- up compared with 
6 (18%) participants in the standard care group, with 
an OR of 4.04 (95% CI 0.94 to 17.43, p=0.061) adjusted 

for baseline PCS. This means that the participants in the 
U- TURN group have four times the odds of responding 
compared with the participants in the standard care 
group, but the CI is very wide and includes 1 (ie, no statis-
tically significant difference between the groups). The 
estimated OR corresponds to an adjusted RR of 2.6 (95% 
CI 1.0 to 4.5) and an NNT was accordingly 4 (95% CI 1.6 
to infinite). No difference was observed for the change in 
MCS, nor for the proportion achieving clinically signifi-
cant improvements in the PCS score. The sensitivity anal-
yses using the per- protocol population (table 3) and the 
single- imputation non- responder technique of missing 
data confirmed the robustness of these findings (online 
supplemental table 1).

For the exploratory outcomes, changes in SWB and 
mood were not significantly different in the U- TURN 
group compared with the standard care group.

Table 1 Baseline characteristics for the intention- to- treat population

  n Intervention n Standard care

Female, n (%) 64 31 (48) 34 16 (47)

Age at consent (years) 64 53.6 (9.12) 34 56.6 (8.1)

T2D duration, median (IQR), years 64 4.5 (3–7.5) 34 6 (3–9)

Educational level, median (IQR), years* 64 4 (3–4) 34 4 (3–4)

HbA1c (%) 64 49.2 (9.13) 34 50.1 (9.5)

2- hour glucose (mg/dL) 62 15.3 (4.06) 33 16.3 (4)

Body mass (kg) 64 94.7 (14.3) 34 98.1 (15)

BMI (kg/m2) 64 31.4 (3.9) 34 32.5 (4.5)

VO2max (mL O2/min) 64 2713.2 (717.2) 33 2635.8 (742.8)

Relative VO2max (mL O2/kg/min) 64 28.7 (6.7) 33 26.9 (6.2)

MHC- SF (points) 63 54.4 (10) 33 51.61 (13.4)

  Languishing, n (%) 0 (0) 2 (6)

  Moderately mentally healthy, n (%) 15 (24) 7 (21)

  Flourishing, n (%) 48 (78) 24 (73)

WEMWBS (points) 58 55.9 (6.2) 25 53.8 (9)

SF-36 PCS, median (IQR), points 64 55.6 (50.4–57.8) 34 54.7 (47.9–57.5)

SF-36 MCS, median (IQR), points 64 56.2 (52.9–59.0) 34 51.7 (41.7–57.7)

SF-36 Physical functioning, median (IQR), points 64 55.1 (52.9–57.1) 34 55.0 (48.8–57.1)

SF-36 Physical role functioning, median (IQR), points 64 56.2 (56.2–56.2) 34 56.2 (49.2–56.2)

SF-36 Bodily pain, median (IQR), points 64 62.8 (50.8–62.7) 34 55.9 (50.8–62.7)

SF-36 General health, median (IQR), points 64 53.2 (43.9–57.9) 34 49.7 (38.2–55.6)

SF-36 Vitality, median (IQR), points 64 58.5 (51.4–65.6) 34 50.2 (44.3–60.9)

SF-36 Social functioning, median (IQR), points 64 57.1 (54.4–57.1) 34 57.1 (46.3–57.1)

SF-36 Emotional role functioning, median (IQR), points 64 55.3 (55.3–55.3) 34 55.3 (44.8–55.3)

SF-36 Mental health, median (IQR), points 64 55.0 (50.4–59.5) 34 49.3 (39.1–61.8)

GMS Positive affect, median (IQR), points 59 26 (21–31) 28 23 (16–29)

GMS Negative affect, median (IQR), points 59 6 (2–8) 28 7 (3.5–12)

Data are presented as mean (SD) unless otherwise stated.
*Corresponds to education duration beyond 12th grade.
BMI, body mass index; GMS, global mood scale; HbA1c, glycated hemoglobin A1c; MCS, mental component score; MHC- SF, mental health 
continuum- short form; PCS, physical component score; SF-36, 36- item short form health survey; T2D, type 2 diabetes; WEMWBS, Warwick- 
Edinburgh mental well- being scale.
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DISCUSSION
The main finding in this study was that a 12- month life-
style intervention, including high levels of exercise, 
significantly improved physical HRQoL in persons with 
T2D (diagnosis <10 years) compared with standard care. 
Specifically, 30% of the participants in the U- TURN 
group compared with 18% in standard care group 
achieved a change in score considered to represent a 
clinically significant improvement in regard to physical 
HRQoL. Despite the improvement in physical HRQoL, 
mental HRQoL, SWB, and mood were not significantly 
improved by the intervention.

We hypothesized that the U- TURN intervention 
would improve HRQoL and SWB. We based this hypoth-
esis on the fact that the U- TURN participants achieved 
significant reductions in the need for glucose- lowering 
medications, with more than half of participants being 

discontinued from medications during the interven-
tion.18 In addition, participants also managed to main-
tain glycemic control, improve fitness, and reduce several 
cardiovascular risk factors.18 43 These improvements are 
potentially important in relation to mental health for 
several reasons. First, glucose- lowering mediation has 
been shown to interfere with normal life44 because it 
is associated with discomfort45 and decreased QoL.46 
Second, depression is prevalent in persons with T2D,47 
and lifestyle interventions have been shown to improve 
signs of depression in persons with T2D10 and the healthy 
population.48 49 Third, epidemiological evidence suggests 
that an increased level of physical activity and a healthier 
diet are associated with better mental health; however, the 
(causal) effect is likely being bidirectional.50 However, the 
failure of the U- TURN intervention to improve mental 
outcomes is in line with several previous studies that 

Table 2 Between- group comparisons of the changes in the primary, key secondary and exploratory outcomes from baseline 
to 12- month follow- up

  n Intervention n Standard care Difference or OR P value

Primary outcome

  SF-36 PCS (points) 64 0.8 (−0.7 to 2.3) 34 −2.4 (−4.6 to −0.1) 3.2 (0.5 to 5.9) 0.020

Key secondary outcomes

  SF-36 PCS responders, n (%)† 61 19 (30) 34 6 (18) 4.04 (0.94 to 17.43)‡ 0.061

  SF-36 MCS (points) 64 −0.4 (−2.5 to 1.7) 34 0.6 (−2.6 to 3.7) −1.0 (−4.8 to 2.8) (0.600)

  SF-36 MCS responders, n (%)† 61 16 (25) 34 9 (26) 2.43 (0.32 to 18.54)‡ (0.392)

Other exploratory outcomes

  MHC- SF (points) 63 −0.3 (−2.4 to 1.9) 33 1.3 (−1.8 to 4.5) −1.6 (−5.4 to 2.2) (0.405)

  Languishing, n (%) 58 3 (5) 26 0 (0) NA*

  Moderately mentally healthy, n (%) 8 (14) 7 (27) 0.16 (0.03 to 0.87)§ (0.034)

  Flourishing, n (%) 47 (81) 19 (73) 2.96 (0.53 to 16.69)§ (0.218)

  WEMWBS (points) 58 2.0 (0.9 to 3.2) 25 2.5 (0.8 to 4.2) −0.4 (−2.5 to 1.6) (0.675)

  SF-36 Physical functioning (points) 64 1.2 (0.3 to 2.1) 34 −1.0 (−2.3 to 0.4) 2.2 (0.6 to 3.8) (0.008)

  SF-36 Physical role functioning (points) 64 −1.1 (−3.0 to 0.7) 34 −2.7 (−5.5 to 0.0) 1.6 (−1.7 to 4.9) (0.344)

  SF-36 Bodily pain (points) 64 −1.5 (−3.6 to 0.7) 34 −3.9 (−7.1 to −0.7) 2.5 (−1.4 to 6.3) (0.203)

  SF-36 General health (points) 64 3.5 (1.9 to 5.1) 34 0.2 (−2.2 to 2.6) 3.3 (0.4 to 6.2) (0.026)

  SF-36 Vitality (points) 64 2.0 (−0.1 to 4.1) 34 −0.1 (−3.2 to 3.0) 2.1 (−1.7 to 5.9) (0.270)

  SF-36 Mental health (points) 64 0.5 (−1.7 to 2.7) 34 −1.0 (−4.3 to 2.4) 1.4 (−2.6 to 5.4) (0.481)

  SF-36 Emotional role functioning (points) 64 −1.6 (−3.5 to 0.3) 34 −0.0 (−2.9 to 2.8) −1.6 (−5.0 to 1.9) (0.377)

  SF-36 Social functioning (points) 64 −1.1 (−2.8 to 0.7) 34 −0.2 (−2.9 to 2.4) −0.8 (−4.0 to 2.4) (0.616)

  GMS Positive affect (points) 59 2.3 (0.9 to 3.8) 28 1.0 (−1.3 to 3.2) 1.3 (−1.3 to 4.0) (0.324)

  GMS Negative affect (points) 59 −1.0 (−2.3 to 0.3) 28 −0.6 (−2.6 to 1.4) −0.3 (−2.7 to 2.0) (0.781)

For continuous outcomes, estimates are adjusted least squares means (95% CI) from linear mixed models. For dichotomous outcomes, 
estimates are adjusted ORs (95% CI) from logistic regression with repeated measures. Group- wise estimates for dichotomous 
outcomes are n (%) at 12- month follow- up. P values in parentheses should be interpreted with caution, since they represent analyses 
performed after the gatekeeping procedure indicated discontinuation of analyses.
*The model failed to converge.
†Responders defined as participants achieving a clinically significant improvement from baseline to 12- month follow- up: PCS 
improvement ≥3.4 points, MCS improvement ≥4.6 points.
‡Numbers represent the adjusted OR (95% CI).
§Numbers represent the adjusted OR (95% CI) comparing current category to the two other categories combined.
GMS, global mood scale; MCS, mental component score; MHC- SF, mental health continuum- short form; NA, not applicable; PCS, 
physical component score; SF-36, 36- item short form health survey; WEMWBS, Warwick- Edinburgh mental well- being scale.
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have demonstrated that lifestyle interventions positively 
influence physical HRQoL in persons with T2D but do 
not provide improvements in the mental component of 
HRQoL. In the Diabetes Aerobic and Resistance Exercise 
trial, a combined exercise group did not show improve-
ments in physical HRQoL compared with controls. The 
mental HRQoL was not significantly altered; however, 
due to deterioration in the controls the between- group 
difference was significant.51 Also, in the Health Benefits 
of Aerobic and Resistance Training in Individuals with 
Type 2 Diabetes study, a randomized 9- month exercise 
intervention with a control and three different exercise 
groups (aerobic, resistance and aerobic plus resistance 
training), it was reported that every intervention group 
demonstrated greater improvements in physical HRQoL 
compared with controls, but that the changes in mental 
HRQoL did not differ significantly between any of the 
intervention groups and controls at 9- month follow- up.52

The longest running study to date, the Look AHEAD 
study, evaluated the effect of a lifestyle intervention 
including healthy eating and physical activity aimed 
at achieving weight loss. During the 8- year follow- up 
period, physical HRQoL declined in the interven-
tion group as well as in the control group. However, 
the decline was significantly greater in controls who 
received standard care.10 These results align with our 
findings. In our study, the between- group difference 
in the PCS was partly due to the decline in the PCS in 

the standard care group, contrasting with the positive 
change observed in the intervention group. In support 
of our results, the Look AHEAD study did not find signif-
icant differences between the groups in mental HRQoL 
at any time during the 8- year follow- up period.10 The 
IDES study demonstrated that higher levels of exercise 
volume increased physical HRQoL; however, the levels 
of physical activity had to exceed current recommended 
levels to reach significance.14 In contrast to our results as 
well as previous studies, the IDES study also showed an 
improvement in mental HRQoL at every level of phys-
ical activity in the intervention group after 12 months 
of intervention.14 This discrepancy could be explained 
by the fact that the IDES study included participants 
treated with insulin, and persons with a longer average 
duration of disease, both of which are indicative of more 
severe disease states. Both factors have been associated 
with worse HRQoL.53 In addition, the baseline levels of 
mental HRQoL in the IDES study are the lowest of all 
the studies discussed thus far, and these low baseline 
scores could explain why the IDES study found improve-
ments in the mental HRQoL, while other studies did 
not. In other words, the low baseline scores could offer 
greater room for improvement. In contrast, our study 
participants had relatively high baseline mental HRQoL 
scores, the highest among studies discussed here. This 
difference may reflect a healthier volunteer bias, which 
would result in the inclusion of a selected subgroup of 
persons with good mental health at baseline. Although 
this possible explanation is speculative, the U- TURN 
intervention was intensive and required participants to 
allocate significant amounts of time and effort to the 
program. In addition, participants in the present study 
had relatively well- regulated glycemic control at base-
line and had no severe diabetes- related complications 
known to be associated with a strong negative impact on 
HRQoL.54 55 Interestingly, while T2D has been associated 
with lower levels of HRQoL compared with the back-
ground population,56 57 persons without macrovascular 
complications appear to have an HRQoL that is relatively 
unaffected by the disease, and even persons with macro-
vascular complications appear to experience only small 
decreases in HRQoL.54 Another explanation for why 
mental health did not improve in this study could be that 
the intensive nature of the intervention blunted potential 
positive effects on mental health, as the efforts required 
to comply with the intervention may have resulted in a 
reduction in the mental HRQoL. The real- world accep-
tance and adherence to the intensive exercise program 
may differ across countries, as, for example, in Denmark, 
29% are not adherent to the recommendations for phys-
ical activity for health compared with 37% in other high- 
income Western countries.58 However, since our results 
align with similar studies discussed here that prescribed 
lower levels of exercise and less intensive interventions, 
it is unlikely that the intensive training level obscured an 
otherwise positive effect on mental HRQoL.

Figure 2 Time- course data of the mean changes in SF-36 
PCS for the intention- to- treat (ITT) population (A) and the per- 
protocol population (B). Solid points indicate the intervention 
group whereas open points indicate the standard care 
group. The error bars indicate SEs. Least squares means 
estimates are from repeated measures mixed models with 
no imputations of missing data. PCS, physical component 
score; SF-36, 36- item short form health survey.
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Although speculative, it is possible that lifestyle inter-
ventions, in particular increased levels of physical activity 
and exercise, are effective in improving low affective 
states, but as our study and the other high- quality studies 
discussed here show, mental HRQoL and SWB may 
be relatively resistant to improvement in persons with 
T2D without major diabetes- related complications or 
depression.

In healthy populations, lifestyle interventions have 
demonstrated no or only modest effects on HRQoL.48 59 
It can be hypothesized that unless an individual is starting 
with suboptimal mental health, mental health improve-
ments are difficult to achieve due to ceiling effects. This 
hypothesis is supported by the theory that SWB is under 
the control of a homeostatic- like mechanism, fitness,60 
that is resistant to long- term changes both in a positive 
and negative direction.61 SWB is characterized by two 

unique features: it has a natural positive offset and is 
highly stable over time.60 It has been proposed that indi-
viduals have a set- point range for SWB that is maintained 
through a psychological homeostasis system that draws 
on internal and external factors to maintain a stable 
level of SWB when challenges arise and overtime.60 This 
theory implies that in the absence of pathologies such as 
depression, long- term positive effects of lifestyle interven-
tions on mental health are likely going to be absent.

There are some limitations to our study. First, the 
measurement instruments used to assess mental 
health are generic, and these scales may not be sensi-
tive enough to detect and quantify small changes 
that are important to persons with T2D or subjec-
tive changes specifically related to exercise behavior. 
Second, exploring mental health was not the primary 
outcome of the U- TURN study and all findings have 

Table 3 Between- group comparisons of the changes in the primary, key secondary and exploratory outcomes from baseline 
to 12- month follow- up for the per- protocol population*

  n Intervention n Standard care Difference or OR P value

Primary outcome

  SF-36 PCS (points) 34 0.9 (−0.9 to 2.8) 26 −2.2 (−4.4 to −0.1) 3.1 (0.3 to 6.0) 0.031

Key secondary outcomes

  SF-36 PCS responders, n (%)† 34 9 (26) 26 6 (23) 3.32 (0.50 to 21.90)‡ 0.212

  SF-36 MCS (points) 34 2.2 (−0.2 to 4.6) 26 0.4 (−2.3 to 3.2) 1.8 (−1.9 to 5.4) (0.334)

  SF-36 MCS responders, n (%)† 34 9 (26) 26 9 (35) 1.04 (0.10 to 10.96)‡ (0.976)

Other exploratory outcomes

  MHC- SF (points) 34 1.4 (−1.1 to 3.8) 26 1.6 (−1.1 to 4.4) −0.3 (−4.0 to 3.4) (0.883)

  Languishing, n (%) 32 0 (0) 25 0 (0) NA

  Moderately mentally healthy, n (%) 5 (16) 6 (24) 0.26 (0.04 to 1.88)§ (0.183)

  Flourishing, n (%) 27 (84) 19 (76) 3.28 (0.41 to 25.95)§ (0.261)

  WEMWBS (points) 32 2.8 (1.6 to 4.0) 25 2.3 (1.0 to 3.7) 0.5 (−1.3 to 2.3) (0.569)

  SF-36 Physical functioning (points) 34 1.6 (0.5 to 2.6) 26 −0.9 (−2.1 to 0.4) 2.4 (0.8 to 4.1) (0.004)

  SF-36 Physical role functioning (points) 34 1.0 (−1.2 to 3.1) 26 −2.5 (−4.9 to 0.0) 3.4 (0.1 to 6.7) (0.043)

  SF-36 Bodily pain (points) 34 −2.3 (−5.1 to 0.4) 26 −3.6 (−6.7 to −0.4) 1.2 (−2.9 to 5.3) (0.563)

  SF-36 General health (points) 34 5.0 (3.2 to 6.8) 26 0.3 (−1.8 to 2.3) 4.8 (2.0 to 7.5) (0.001)

  SF-36 Vitality (points) 34 3.3 (0.8 to 5.8) 26 −0.6 (−3.5 to 2.3) 3.9 (0.0 to 7.8) (0.048)

  SF-36 Social functioning (points) 34 0.4 (−1.7 to 2.5) 26 −0.2 (−2.6 to 2.3) 0.6 (−2.7 to 3.8) (0.728)

  SF-36 Emotional role functioning (points) 34 1.3 (−0.8 to 3.4) 26 0.7 (−1.7 to 3.1) 0.6 (−2.6 to 3.8) (0.722)

  SF-36 Mental health (points) 34 2.5 (−0.3 to 5.3) 26 −1.5 (−4.7 to 1.7) 4.1 (−0.2 to 8.3) (0.062)

  GMS Positive affect (points) 33 2.8 (1.0 to 4.6) 25 0.8 (−1.3 to 2.9) 2.0 (−0.8 to 4.8) (0.150)

  GMS Negative affect (points) 33 −1.1 (−2.6 to 0.4) 25 −0.6 (−2.3 to 1.2) −0.5 (−2.8 to 1.8) (0.658)

For continuous outcomes, estimates are adjusted least squares means (95% CI) from linear mixed models. For dichotomous outcomes, 
estimates are adjusted ORs (95% CI) from logistic regression with repeated measures. Group- wise estimates for dichotomous 
outcomes are n (%) at 12- month follow- up. P values in parentheses should be interpreted with caution, since they represent analyses 
performed after the gatekeeping procedure indicated discontinuation of analyses.
*The per- protocol population was defined specifically by adherence to medication and attendance to medical consultations, and for the 
U- TURN group, specifically, attendance to 70% or more of the prescribed exercise sessions.
†Responders defined as participants achieving a clinically significant improvement from baseline to 12- month follow- up: PCS 
improvement ≥3.4 points, MCS improvement ≥4.6 points.
‡Numbers represent the adjusted OR (95% CI).
§Numbers represent the adjusted OR (95% CI) comparing current category to the two other categories combined.
GMS, global mood scale; MCS, mental component score; MHC- SF, mental health continuum- short form; NA, not applicable; PCS, 
physical component score; SF-36, 36- item short form health survey; WEMWBS, Warwick- Edinburgh mental well- being scale.
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explorative character. Furthermore, participants in 
the present study had high baseline HRQoL which 
may have limited our ability to measure improve-
ments in mental health. Third, the sample size might 
be underpowered to detect lower effect sizes. Fourth, 
the diversity in our trial population is limited, so 
further research should confirm our findings in popu-
lations of other ethnicities and/or socioeconomic 
backgrounds. Finally, due to the medical titration 
before baseline, participants were well controlled, 
making generalizability to less well- regulated persons 
questionable.

CONCLUSION
In persons with T2D diagnosed for less than 10 years 
without significant diabetes- related complications, 
lifestyle intervention including high volumes of exer-
cise leads to modest improvement of physical HRQoL 
compared with standard care whereas effects on mental 
health were limited. Even with high volumes of exercise, 
significant reductions in the need for diabetes medica-
tions, increased fitness, and reduced cardiovascular risk 
factors appear to be unable to mediate this phenom-
enon. Because this is an explorative study, further studies 
specifically designed to investigate whether and how a 
lifestyle intervention can improve HRQoL are needed to 
infer causality.
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