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Abstract
Background Psychological well-being and quality of life (QoL) are important outcomes of lifestyle interventions, as a posi-
tive impact may favour long-term maintenance of behaviour change.
Objective This study investigated the effect of a behavioural intervention for adopting and maintaining an active lifestyle 
on psychological well-being and health-related QoL in individuals with type 2 diabetes.
Methods Three hundred physically inactive and sedentary patients were randomized 1:1 to receive 1 month’s theoretical 
and practical counselling once a year (intervention group, INT) or standard care (control group, CON) for 3 years. Psycho-
logical well-being and QoL, assessed using the World Health Organization (WHO)-5 and the 36-Item Short Form (SF-36) 
questionnaire, respectively, were pre-specified secondary endpoints. The primary endpoint was sustained behaviour change, 
as assessed by accelerometer-based measurement of physical activity (PA) and sedentary time.
Results WHO-5 and SF-36 physical and mental component summary (PCS and MCS) scores increased progressively in the 
INT group and decreased in the CON group, resulting in significant between-group differences (WHO-5: mean difference 
7.35 (95% confidence interval (CI) 3.15–11.55), P = 0.0007; PCS 4.20 (95% CI 2.25–6.15), P < 0.0001; MCS 3.04 (95% CI 
1.09–4.99), P = 0.0025). Percentage of participants with likely depression decreased in the INT group and increased in the 
CON group. PA volume changes were independently associated with WHO-5 changes, which were significantly higher in 
participants who accumulated > 150 min·wk−1 of moderate-to-vigorous intensity PA versus those who did not (13.06 (95% 
CI 7.51–18.61), P < 0.0001), whereas no relationship was detected for QoL.
Conclusion A counselling intervention that was effective in promoting a sustained change in PA and sedentary behaviour 
significantly improved psychological well-being and QoL.
Trial Registration ClinicalTrials.gov; NCT01600937; 10 October 2012.
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Key Points 

In this randomized clinical trial that included 300 
patients, an intervention that was effective in promoting 
a sustained change in physical activity and sedentary 
behaviour significantly improved scores of psychologi-
cal well-being and physical and mental components of 
health-related quality of life.

The percentage of participants with (likely) depression 
decreased in the intervention group and increased in the 
control group.

Changes in psychological well-being and prevalence of 
depression, but not those in quality of life, were related 
to changes in physical activity volume.

1 Introduction

Diabetes is known to be associated with depression, anxi-
ety and other psychological distress or pathology as well 
as with reduced health-related quality of life (QoL). An 
average twofold increased prevalence of depression has in 
fact been reported in people with type 1 diabetes (T1D) and 
type 2 diabetes (T2D), based on either clinical diagnosis 
or self-report of depressive symptoms [1, 2]. Longitudinal 
prospective population-based studies have shown that this 
detrimental association is bi-directional. On the one hand, 
depression was found to confer an increased risk of incident 
diabetes [3, 4] by inducing diabetogenic health behaviours 
and possibly triggering common biological pathways [5], 
including increased counter-regulatory hormone release and 
action, alterations in glucose transport, and enhanced immu-
noinflammatory activation [6]. On the other hand, diabetes 
was shown to favour the development of depression [4], at 
least partly because of the psychological distress due to the 
burden of living with a demanding chronic disease and its 
disabling complications [7]. In addition, both diabetes and 

depression are associated to worse health scores [8] and 
reduced health-related QoL [9].

The dangerous association of depression (or depressive 
symptoms) and reduced QoL with diabetes is negatively 
linked to disease self-management through decreased com-
pliance with diabetes monitoring and treatment [10, 11], 
ultimately resulting in poor glycaemic control [12] and 
increased likelihood to develop long-term diabetic compli-
cations [13]. This, in turn, may adversely affect psychologi-
cal health [14, 15] and QoL [16], thus generating a vicious 
cycle resulting in worse disease outcomes. However, the 
relationship with diabetes self-management can also be the 
other way around, as recommended actions (e.g., glucose 
monitoring, insulin injections, exercise) and restrictions 
(e.g., dietary, sitting) may generate either negative or posi-
tive emotions that would limit or favour, respectively, adher-
ence to disease monitoring and treatment, which is a criti-
cal issue in people with T2D [17] and involves all aspects, 
including compliance with physical activity (PA)/exercise 
and sedentary behaviour recommendations [18].

Two meta-analyses that investigated the effect of (mainly 
supervised) training programs of aerobic, resistance or 
combined exercise on QoL, symptoms of depression and 
anxiety, and emotional well-being found mixed results [19, 
20]. However, in the Italian Diabetes and Exercise Study 
(IDES), we reported that physical and mental QoL scores 
improved with supervised aerobic and resistance exercise 
training [21] in a volume-dependent manner [22]. Compared 
to supervised exercise programs, counselling interventions 
targeting both PA/exercise and sedentary time (SED-time) 
may be more suitable for promoting a sustained behaviour 
change in T2D patients. Unfortunately, there are no data on 
whether these interventions are effective in improving well-
being and QoL, thus favouring long-term maintenance of 
behaviour change.

In the IDES_2, we showed that a behavioural intervention 
compared with standard care resulted in a sustained increase 
in PA and decrease in SED-time over 3 years in individuals 
with T2D, associated with improvements in physical fitness 
and cardiovascular risk profile [23]. Here, we report on the 
effect of the intervention on psychological well-being and 
health-related QoL, which was a pre-specified secondary 
endpoint of this trial.

2  Methods

The design and methods have been detailed elsewhere [23, 
24] and are briefly reported here.
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2.1  Design

The IDES_2 was an open-label, assessor-blinded, parallel, 
superiority randomized clinical trial that assessed the effi-
cacy of a behavioural intervention strategy in increasing PA 
and reducing SED-time in patients with T2D.

2.2  Patients

The main entry criterion was T2D of ≥ 1-year duration. 
Additional requirements were: age 40–80 years; body mass 
index (BMI) 27–40 kg/m2; physical inactivity and sedentary 
lifestyle for at least 6 months; ability to walk 1.6 km without 
assistance; and eligibility after cardiologic evaluation.

2.3  Randomization and Blinding

In three tertiary referral outpatient Diabetes Clinics in Rome, 
patients were randomized 1:1 to either an intervention (INT) 
group, receiving theoretical and practical exercise counsel-
ling, or a control (CON) group, receiving only general physi-
cian recommendations for increasing daily PA and decreas-
ing SED-time.

Randomization was stratified by centre and, within each 
centre, by age (< 65 vs. ≥ 65 years) and diabetes treatment 
(non-insulin vs. insulin), using a permuted-block randomi-
zation SAS 9.4 software that randomly varies the block size 
(range 4–8).

Patients from both groups received the same treatment 
regimen, including dietary prescription, to achieve glycae-
mic, lipid, blood pressure (BP) and body-weight targets, 
according to current guidelines. Treatment was adjusted at 
each visit using a pre-specified algorithm.

Physicians, exercise specialists, and participants were 
not blinded, whereas assessors of PA/SED-time, biochemi-
cal parameters and well-being/QoL were blinded to group 
assignment.

2.4  Intervention

The intervention in the INT group consisted of one individ-
ual theoretical counselling session, held by a diabetologist, 
plus eight twice-weekly individual theoretical and practical 
counselling sessions, held by a certified exercise specialist, 
once a year for 3 years (i.e., at months 1, 13 and 25).

2.5  Outcome Measures

Co-primary endpoints were changes from baseline in total 
PA volume (metabolic equivalents (METs) h·wk−1), time 
spent in light-intensity PA (LPA, h·day−1) and moderate-to-
vigorous-intensity PA (MVPA, min·day−1), and SED-time 
(h·day−1) over the 3-year period. Secondary endpoints were 

changes from baseline in physical fitness, modifiable car-
diovascular factors and scores, and well-being/QoL. Here, 
we report on the effect of intervention on psychological 
well-being and health-related QoL, whereas results for the 
other endpoints have been presented in a previous publica-
tion [23].

2.6  Psychological Well‑Being and Health‑Related 
Quality of Life (QoL)

At baseline and at 4, 12, 16, 24, 28 and 36 months of follow-
up, psychological well-being and health-related QoL were 
assessed using the World Health Organization-5 (WHO-5) 
Well-Being Index and the 36-Item Short Form Health Sur-
vey (SF-36), respectively.

The WHO-5 Well-Being Index is a five-item question-
naire developed from the WHO-10 Well-Being Index, which 
is suitable for use in patients with T1D and T2D [25]. Each 
of the five positively worded items is scored on a six-point 
Likert scale ranging from 0 to 5 and is transformed to a score 
from 0 (worst) to 100 (best). The scale has adequate valid-
ity both as an outcome measure in clinical trials and as a 
screening tool for depression, with a score of ≤ 50 suggesting 
suboptimal well-being and the need for further testing and a 
score ≤ 28 representing likely depression [26].

The SF-36, which was previously validated in patients 
with T2D [27], is a 36-item multipurpose survey that evalu-
ates eight fields of life, which are further grouped into the 
physical component summary (PCS) and the mental com-
ponent summary (MCS) [28]. These aggregated scores are 
converted into norm-based scores (mean, 50; SD, 10), with 
higher scores indicating a more favourable physical func-
tioning and psychological well-being [28].

2.7  Other Measurements

At baseline and every 4 months thereafter, PA volume, LPA, 
MVPA and SED-time were measured using an accelerome-
ter (MyWellness Key, Technogym, Cesena, Italy) and a daily 
diary for non-accelerometer recordable activities.

At the same time points, the modifiable cardiovascular 
risk factors BMI, waist circumference, fasting plasma glu-
cose; glycated haemoglobin  (HbA1c); triglycerides; total, 
HDL and LDL cholesterol; systolic and diastolic BP; and 
high-sensitivity C-reactive protein were assessed using 
standard methods, and coronary heart disease (CHD) and 
stroke 10-year risk scores were calculated using the United 
Kingdom Prospective Diabetes Study (UKPDS) risk engine.

At baseline and every year thereafter, participants were 
evaluated for physical fitness by assessing cardiorespiratory 
fitness (as maximal oxygen uptake, VO2max), strength and 
flexibility by maximal treadmill exercise test, isometric test 
and bending test, respectively.
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2.8  Statistical Analysis

Sample size calculation for the primary endpoint has been 
reported elsewhere [23].

The nonparametric Mann–Whitney test was utilized for 
between-group comparisons of baseline measures, as appro-
priate. Frequency (n) and percentage (%) of participants 
in the two groups presenting at each time point with the 
WHO-5 score indicating optimal or suboptimal well-being 
or likely depression were compared using Pearson’s χ2 test.

The superiority of the intervention versus standard care 
on psychological well-being and health-related QoL was 
assessed by mixed models for repeated measures in the 
whole cohort and in participants stratified by age (< 65 
and ≥ 65 years) and gender. The overall estimated scores for 
WHO-5, PCS, MCS and individual SF-36 domains during 
the 3-year follow-up were assessed by contrasts generated 
from mixed models, and results are expressed as estimated 
mean difference and 95% Wald confidence interval (CI). 
Models for repeated measures with an autoregressive corre-
lation type matrix make an assumption of missing at random 
and account for both missingness at random and potential 
correlation within participants, as they allow evaluating all 
individuals, including those with incomplete data [23]. In 
addition, score changes detected in the 50 individuals (49 
from the INT and one from the CON group) who became 
physically active, i.e., accumulated ≥ 150  min·wk−1 of 
MVPA throughout the 3-year period, were compared with 
those in the remaining 250 participants by mixed models for 
repeated measures.

Linear regression analyses were applied to assess the 
independent correlates of baseline to end-of-study changes 
in WHO-5, PCS and MCS scores. Age, gender, baseline 
value of each score and either baseline levels (Model 1) 
or baseline to end-of-study changes (Model 2) of BMI, 
 HbA1c, systolic BP and either physical fitness (VO2max and 
lower body muscle strength) or activity (PA volume and 
SED-time) parameters were included as covariates in the 
regression models. Logistic regression analysis was applied 
to assess the independent correlates of likely depression 
(WHO-5 scores ≤ 28) using the covariates indicated above.

All P values < 0.05 were considered statistically signifi-
cant. Statistical analyses were performed using SAS soft-
ware release 9.4 (Cary, NC, USA) and R version 4.0.0.

3  Results

A total of 449 patients were assessed for eligibility from 
October 2012 to February 2014 in the three centres and, 
after excluding 149 patients for various reasons, the remain-
ing 300 were randomized to CON or INT group (n = 150 

each) (Fig. 1). The baseline features of study participants 
have been reported elsewhere [23].

As previously reported [23], the percentages of session 
attendance and study completion were > 90% and 89%, 
respectively, and adverse events did not differ between 
groups and were unrelated to PA. The number of participants 
who filled in the questionnaires is shown in Fig. 1.

3.1  Co‑Primary and Other Secondary Outcomes

The main trial outcomes have been reported elsewhere [23]. 
Briefly, as compared with CON, INT participants showed 
an increase over time in PA volume, MVPA and LPA, and a 
reciprocal decrease in SED-time. Significant between-group 
differences were maintained throughout the study, though 
difference in MVPA diminished ~ twofold during the third 
year. These changes were associated with sustained improve-
ments in physical fitness, including VO2max, lower body 
strength and flexibility, and modifiable cardiovascular risk 
factors/scores, including fasting plasma glucose, systolic BP, 
and total and fatal CHD 10-year risk scores, in INT versus 
CON participants.

3.2  Psychological Well‑Being

The WHO-5 scores did not differ between the two groups 
at baseline (Table 1); thereafter, they increased in the INT 
and decreased in the CON participants (Fig. 2a). Over the 
3-year period, participants in the INT group perceived a 
significantly higher state of psychological well-being com-
pared to those in the CON group (7.35 (95% CI 3.15–11.55), 
P = 0.0007) (Fig. 2a). Between-group differences over time 
were similar in participants aged < 65 and ≥ 65 years (Online 
Supplementary Material (OSM) Fig. 1a, b); conversely, 
though the trend was similar in the two sexes, differences 
between INT and CON participants were significant only 
in females, who showed much lower baseline WHO scores 
(OSM Fig. 1c, d).

The percentage of participants with likely depression 
decreased in the INT group and increased in the CON 
group during the 3-year period, with statistically significant 
between-group differences after 1 year from randomization 
(Table 2). Again, the effect of intervention was similar in 
participants aged < 65 and ≥ 65 years (OSM Table 1) and 
lower in males than in females, who showed a much greater 
prevalence of likely depression and, to a lesser extent, of 
sub-optimal well-being (OSM Table 2).

The 50 participants who reached or exceeded the recom-
mended MVPA level of 150 min·wk−1 over the 3-year fol-
low-up perceived a higher state of psychological well-being 
compared to those who did not (13.06 (95% CI 7.51–18.61), 
P < 0.0001); this difference became statistically significant 
after 28 months from randomization (Fig. 3).
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Fig. 1  Study flow chart. Flow of participants through the study. CON control group, INT intervention group, F females, M males
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Higher baseline WHO-5 value, VO2max, PA volume and 
SED-time as well as baseline to end-of-study changes in 
VO2max, lower body strength and PA volume were independ-
ent predictors of higher baseline to end-of-study changes in 
WHO-5 scores; most of these variables were also independ-
ent predictors of likely depression (OSM Table 3).

3.3  QoL

Baseline SF-36 scores did not differ between the two groups, 
except for a slightly higher social functioning score in the 
INT versus CON participants (Table 1). Gradual and sus-
tained improvements in PCS and MCS were observed in 
the INT group, whereas these scores worsened progres-
sively in the CON group, resulting in significant between-
group differences over the 3-year period (PCS: 4.20 (95% 
CI 2.25–6.15), P < 0.0001; MCS: 3.04 (95% CI 1.09–4.99), 
P = 0.0025) (Fig. 2b, c). Significant differences were also 
detected in all physical and mental domains except for the 
domain score ‘limitation emotional’ (Fig. 4). The effect of 
intervention on PCS and MCS was similar in participants 
aged < 65 years and those aged ≥ 65 years and in males and 
females, though between-group differences over time were 
not significant in older individuals and females for MCS 
(OSM Fig. 2).

No statistically significant differences were found 
between participants accumulating or not accumulat-
ing ≥ 150 min·wk−1 of MVPA throughout the 3-year period 
(not shown).

Higher baseline PCS and MCS values were independ-
ent predictors of higher baseline to end-of-study changes 

in PCS and MCS scores, respectively; in addition, higher 
baseline BMI and baseline to end-of-study changes in  HbA1c 
were independent predictors of higher PCS and MCS scores, 
respectively (OSM Table 4).

Table 1  Baseline values of WHO-5 and SF-36 scores by study arm

Values are mean ± SD
WHO World Health Organization, SF-36 36-Item Short Form, PCS 
physical component summary, MCS mental component summary, 
CON control group, INT intervention group
*Mann–Whitney U test

Variable CONT INT P*

WHO-5 51.6 ± 21.9 53.7 ± 20.4 0.48
SF-36
 Physical functioning 46.3 ± 9.2 46.9 ± 8.4 0.72
 Limitation physical 47.1 ± 10.3 47.2 ± 9.9 0.90
 Bodily pain 43.8 ± 10.8 46.2 ± 10.4 0.05
 General health 38.4 ± 10.9 39.8 ± 9.3 0.33
 Emotional/mental health 41.6 ± 11.0 43.8 ± 10.5 0.08
 Limitation emotional 50.7 ± 8.9 49.5 ± 10.2 0.50
 Social functioning 40.8 ± 9.7 43.0 ± 9.0 0.04
 Energy/vitality 46.1 ± 9.6 47.7 ± 8.6 0.28
 PCS 44.2 ± 9.1 45.4 ± 8.0 0.29
 MCS 44.8 ± 9.0 45.9 ± 9.4 0.25

Fig. 2  WHO-5, PCS and MCS scores over time. Change over time in 
WHO-5 (a), PCS (b) and MCS (c) scores in participants in the INT 
(black boxes) versus CON (white boxes) group. Data [estimated mean 
with 95% confidence interval (CI)] were calculated on the basis of 
questionnaires filled in at scheduled visits. The analyses are based 
on a mixed model for repeated measurements, taking into account 
within-participant correlation. P values were calculated with a mixed 
model for repeated measurements. Estimated mean differences over 
time with 95% CIs and P values between INT and CON are reported 
at the top right. WHO World Health Organization, PCS physical com-
ponent summary, MCS mental component summary, CON control 
group, INT intervention group
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4  Discussion

Psychological well-being and QoL are considered impor-
tant treatment goals in people with diabetes, in addition to 
traditional medical outcomes [29]. Moreover, they represent 
main factors for achieving optimal diabetes self-management 

[10, 11], including the adoption and maintenance of an 
active lifestyle, which in turn might affect psychological 
factors [19, 20].

4.1  Effects of Intervention on Well‑Being/QoL

We have shown that a behavioural intervention, which was 
successful in promoting a sustained increase in PA and 
decrease in SED-time, was associated with a progressive 
improvement in psychological well-being and health-related 
QoL and reduction in the number of participants with likely 
depression, whereas opposite trends were observed in the 
CON group.

These findings add substantially to our understanding 
of the relationships between PA/exercise and well-being/
QoL. In fact, prior publications reported almost invariably 
on exercise intervention studies in which participants were 
engaged in aerobic and/or resistance training sessions in gym 
facilities under the supervision of exercise specialists. In the 
IDES, we found a positive effect of a supervised aerobic and 
resistance training program of 1 year’s duration on all com-
ponents of health-related QoL [21]. Likewise, a 2-year mul-
ticomponent exercise intervention showed improved physi-
cal and mental health-related QoL in older adults with T2D 
[30]. However, two meta-analyses reported mixed results, 
because many other studies failed to detect a positive effect 
of supervised exercise programs [19, 20]. These contrasting 
findings might be related to the reported U-shaped relation-
ship between diabetes-specific health behaviours, including 
diet and exercise, and perceived burden [31], i.e., after a 
certain threshold, the more demanding the lifestyle program, 

Table 2  Percentage of 
participants with optimal and 
suboptimal psychological well-
being and likely depression in 
the whole cohort and by study 
arm

Values are n (%)
CON control group, INT intervention group
*Pearson’s χ2 test

Months

0 4 12 16 24 28 36

Optimal
 Total 174 (58.0) 181 (60.3) 164 (59.2) 153 (58.6) 158 (60.1) 147 (58.1) 159 (59.8)
 CON 85 (56.7) 85 (56.7) 74 (52.9) 60 (46.5) 71 (53.4) 61 (47.7) 63 (47.7)
 INT 89 (59.3) 96 (64.0) 90 (65.7) 93 (70.5) 87 (66.9) 86 (68.8) 96 (71.6)

Suboptimal
 Total 75 (25.0) 76 (25.3) 67 (24.2) 64 (24.5) 56 (21.3) 58 (22.9) 62 (23.3)
 CON 36 (24.0) 39 (26.0) 38 (27.1) 39 (30.2) 30 (22.6) 35 (27.3) 36 (27.3)
 INT 39 (26.0) 37 (24.7) 29 (21.2) 25 (18.9) 26 (20.0) 23 (18.4) 26 (19.4)

Likely depression
 Total 51 (17.0) 43 (14.3) 46 (16.6) 44 (16.9) 49 (18.6) 48 (19.0) 45 (16.9)
 CON 29 (19.3) 26 (17.3) 28 (20.0) 30 (23.3) 32 (24.1) 32 (25.0) 33 (25.0)
 INT 22 (14.7) 17 (11.3) 18 (13.1) 14 (10.6) 17 (13.1) 16 (12.8) 12 (9.0)
 N 300 300 277 261 263 253 266
 p CON vs INT* 0.556 0.272 0.086 < 0.0001 0.039 0.002 < 0.0001

Fig. 3  WHO-5 scores over time by physically active status. Change 
over time in WHO-5 scores in participants accumulating (black 
boxes) and not accumulating (white boxes) 150 min·wk−1 of MVPA. 
Data (estimated mean with 95% CI) were calculated on the basis of 
questionnaires filled in at scheduled visits. The analyses are based 
on a mixed model for repeated measurements, taking into account 
within-participant correlation. P values were calculated with a mixed 
model for repeated measurements. Estimated mean differences over 
time with 95% CIs and P values between INT and CON are reported 
at the top right. WHO World Health Organization, CON control 
group, INT intervention group
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the greater the burden patients perceive. Conversely, in the 
IDES_2, participants received a 1-month counselling inter-
vention each year aimed at promoting a behaviour change 

during the remaining 11 months by encouraging them to 
perform PA on their own and to reduce (and interrupt) SED-
time as much as possible. This approach could have been 
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less burdensome as it resulted in less striking increases in 
PA, especially MVPA, and, therefore, it may have had a 
more favourable impact on QoL, compared to some, more 
demanding, supervised exercise programs. The counselling 
intervention of the IDES_2 was in fact effective in improv-
ing psychological well-being and health-related QoL and, 
in turn, this positive impact on psychosocial factors may 
have contributed to maintenance of behaviour change in the 
long term.

The intervention was also effective in reducing the preva-
lence of likely depression among the study participants, con-
sistent with an isotemporal substitution study showing that 
replacing even small amounts of SED-time with LPA may 
reduce depression in older adults [32].

Of note, the effects of the behavioural counselling on 
well-being and QoL were even more striking when consid-
ering that both deteriorated in the CON group, consistent 
with the known worsening of these scores associated with 
diabetes [4, 8, 9]. Furthermore, as already known [33, 34], 
prevalence of likely depression was much higher in females 
than in males, a finding that may explain why the opposite 
effects of intervention and standard care on WHO scores 
were more pronounced in women than in men.

4.2  Predictors of Well‑Being/QoL Changes

An intriguing finding is that the effect of the intervention 
on psychological well-being was related to increases in 
PA volume and achievement of a physically active status, 
whereas that on QoL was not. Changes in PA volume (and 
related changes in fitness parameters) were in fact indepen-
dently associated with changes in WHO-5 scores, which 
were significantly higher in participants who accumu-
lated ≥ 150 min·wk−1 of MVPA over the 3-year follow-up, 
compared to those who did not. Conversely, no relationships 
with PA/sedentary behaviour or fitness parameters were 
detected for health-related QoL. This finding is in contrast 
with our previous IDES report in T2D patients engaged in 
a 1-year supervised exercise program [22]. It is also at odds 
with two cross-sectional surveys in older adults reporting 
higher physical QoL scores in individuals meeting MVPA 

recommendations compared to those who did not [35] and 
significantly better PCS if replacing SED-time or LPA with 
MVPA [36]. In the present study, the intervention per se 
seems to be important for the improvements in QoL meas-
ures, regardless of its efficacy in terms of increase in PA 
volume (and decrease in SED-time). This interpretation is 
consistent with a previous report in individuals with knee 
and hip osteoarthritis participating in an educational exercise 
program, who showed increased QoL despite no change in 
PA and SED-time [37]. However, our finding might also 
reflect the U-shaped relationship between PA and perceived 
burden of adherence to lifestyle recommendations [31], with 
individuals maintaining a more active and less sedentary 
lifestyle for such a long period of time showing a negative 
(or less positive) impact on QoL compared with those who 
responded to the intervention with a more modest change 
in behaviour.

The independent associations of changes in PCS with 
baseline BMI and of changes in MCS with changes in 
 HbA1c are difficult to explain as they seem to suggest that 
higher body weight at the start and deterioration of glycae-
mic control during the study impacted favourably on QoL. 
Moreover, the finding that well-being and QoL changes were 
related to baseline scores supports the concept that prior 
psychosocial status is a major determinant of the impact of 
diabetes burden, including implementation of lifestyle meas-
ures, on perception of physical and mental health.

4.3  Strengths and Limitations

The main strengths of this study concern the application of 
an intervention targeting both PA and SED-time, the specific 
training of investigators, the long study duration, and the 
large sample size. Other strengths include the use of vali-
dated questionnaires for assessing psychological well-being 
and health-related QoL, together with objective (acceler-
ometer-based) measurement of PA/SED-time and concur-
rent assessment of physical fitness and cardiovascular risk 
profile.

This study has several limitations. First, generalizabil-
ity requires further investigation and validation in differ-
ent cohorts or settings. Second, as the WHO-5 Well-Being 
Index is only a screening tool for depression, which requires 
additional tests for diagnosis and classification [38], results 
regarding the impact of intervention on the prevalence of 
depression should be interpreted as exploratory. Third, 
results might have been affected by unmeasured confound-
ers, for instance diet, that were not considered in the data 
analysis, though patients received dietary prescriptions and 
adherence to diet was verified at intermediate visits.

Fig. 4  Physical and mental domain scores over time. Change over 
time in SF-36 scores in physical functioning (a), limitation physical 
(b), bodily pain (c), general health (d), emotional/mental health (e), 
limitation emotional (f), social functioning (g) and energy/vitality (h) 
in participants in the INT (black boxes) versus CON (white boxes) 
group. Data [estimated mean with 95% confidence interval (CI)] were 
calculated on the basis of questionnaires filled in at scheduled visits. 
The analyses are based on a mixed model for repeated measurements, 
taking into account within-participant correlation. P values were cal-
culated with a mixed model for repeated measurements. Estimated 
mean differences over time with 95% CIs and P values between INT 
and CON are reported at the top right. SF-36 36-Item Short Form, 
CON control group, INT intervention group
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5  Conclusion

A counselling intervention that was effective in produc-
ing a sustained behavioural change with increased PA and 
reduced SED-time significantly improved psychological 
well-being and health-related QoL and decreased the propor-
tion of participants with likely depression, compared with 
standard care, which was associated with worsening of all 
scores. Changes in psychological well-being and prevalence 
of likely depression, but not those in PCS and MCS, were 
related to changes in PA volume.

Supplementary Information The online version contains supplemen-
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