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a b s t r a c t

Background: Research evidence on the effects of integrated multifaceted lifestyle interventions for de-
pression is scanty. The aim of the present study is to report on the development, acceptability and ef-
ficacy of a standardized healthy lifestyle intervention, including exercise, eating habits, sleep hygiene and
smoking cessation in preventing relapses.
Methods: One hundred-sixty outpatients with recurrent unipolar depression or bipolar disorder were
recruited after achieving full remission or recovery from the most recent depressive episode. Patients
were randomized to 3-months of usual care or to an intervention aimed at promoting a healthy lifestyle
(HLI), as an augmentation of pharmacological maintenance treatment. Usual care consisted of clinical
management visits. At the end of the intervention, follow-up visits were scheduled at 3,6,9 and 12
months.
Results: During the intervention phase, 1 relapse occurred in the HLI group and 4 in the control group.
Over the 12 months of follow-up, relapses were 5 in the HLI group and 16 in control group. Using an
intent-to-treat approach, the overall percentage of relapses was 6/81 (7.4%) in the HLI group vs. 20/79
(25.3%) in the control group.. In a Kaplan-Meier survival analysis the risk of relapse was significantly
lower in patients receiving the HLI intervention (log-rank test, p¼0.003) over the 60 weeks of ob-
servation.

The majority of patients assigned to HLI adhered to the program, and were highly motivated
throughout the intervention.
Limitations: The retention rate was low because patients were recruited during the maintenance phase
and the 1-year follow-up was relatively short to detect a long-term effect of HLI.
Conclusions: The HLI program proved to be efficacious in preventing relapses. Given the absence of
contraindications and its cost-effectiveness in routine practice, the use of HLI should be encouraged to
promote the well-being of patients with recurrent depression.

& 2016 Elsevier B.V. All rights reserved.
1. Introduction

Research has shown that depressed and bipolar patients are
less fit, have diminished physical work capacity and more physical
health problems, which impact on the course of their mental
disorder (Fagiolini et al., 2002, 2003; Wildes et al., 2006; Morgan,
1968; Martinsen et al., 1985, 1989).

Still, converging evidence indicates that exercise improves
psychological functioning and well-being (Scully et al., 1998; Otto
et al., 2007; Galper et al., 2006; Dunn et al., 2005, 2001) and
preliminary evidence shows that exercise can be used as an
augmentation strategy in depressed patients who achieve a partial
response to the SSRI (Trivedi et al., 2011, 2006). As a result, ex-
ercise is now included in the American Psychiatric Association’s
treatment recommendations (Rethorst and Trivedi, 2013).

Physical activity is a natural reinforcement behavior, although
the specific mechanisms by which exercise promotes an anti-
depressant effect are largely unknown. Studies on animal models
of depression show that the upregulation of NPY and BDNF,
leading to cell proliferation and neurogenesis, is the final common
pathway of antidepressant drugs is that of running (Bjornebekk
et al., 2006; Bjørnebekk et al., 2005; Brene et al., 2007; Russo-
Neustadt et al., 2004, 2001, 2000, 1999; Russo-Neustadt and Chen,
2005; Chen and Russo-Neustadt, 2007; Dishman et al., 2006;
Garza et al., 2004) and that running can alter the turnover of
central noradrenaline (Dunn, 1996). Aerobic exercise seems to
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improve the dysfunction of the HPA axis and reduce depression
scores in patients with fibromyalgia (Bonifazi et al., 2006), and also
the balance between the sympathetic and parasympathetic control
of the sinoatrial node, as shown by changes in heart rate variability
(Buchheit and Gindre, 2006). In addition, there may be an indirect
effect of exercise on mood mediated by improved fitness, blood
pressure, reduced body weight and metabolic changes such as the
reduction of abdominal obesity and insulin resistance.

Sleep alterations are essential aspects of mood disorders: in-
somnia and hypersomnia are in fact nuclear symptoms and diag-
nostic criteria for a depressive episode (American Psychiatric As-
sociation, 2000). Ninety percent of depressed patients complain
about sleep disorders: most complains difficulty falling asleep,
frequent awakenings or terminal insomnia (Almeida and Pfaff,
2005; Tsuno et al., 2005); a minor amount of patients (6–29%)
complain instead of hypersomnia (Roberts, 2000); in particular it
seems that the latter is more common in bipolar depression and
seasonal depression (Saeed and Bruce, 1998).

It has been documented that the presence of a subjective sleep
disturbance precedes by about five weeks a recurrence depressive
episode (Perlis et al., 1997). Many authors have suggested that
insomnia may even have a causal role in the onset of depression in
patients with a first episode, and in the recurrence of depression in
patients in remission (Breslau et al., 1996, Livingston et al., 1993;
Chang et al., 1997; Ford and Kamerow, 1989; Morawetz, 2003;
Dryman and Eaton, 1991; Mallon et al., 2000; Roberts et al., 2000;
Vollrath et al., 1989; Weissman et al., 1997; Perlis et al., 2006).
Even in the case of bipolar disorder, insomnia often precedes and
maintains the manic episode and both insomnia that hypersomnia
may precipitate and maintain the depressive episode (Goodwin
and Jamison, 2007). So it is evident that insomnia is a risk factor
for a poor prognosis of depression (Cole and Dendukuri, 2003;
Perlis et al., 1997; Riemann and Voderholzer, 2003): as already
mentioned insomnia precedes the onset and recurrence depres-
sive in more than 40% of cases (Ohayon and Roth, 2003). In ad-
dition, the risk of developing major depression is significantly
higher in patients who complain of insomnia (Breslau et al., 1996;
Dryman and Eaton, 1991; Mallon et al., 2000; Weissman et al.,
1997). These observations suggest that promoting physical activity
and weight reduction if needed, and regularizing the sleep-wake
cycle may be useful strategies to prevent the recurrence of
depression.

Despite the documented benefits of physical activity or ex-
ercise, dietary modifications, adequate sleep and social interac-
tions, and reduction of recreational substances (Sarris et al., 2014),
these factors received little considerations in the treatment of
depression, where medication and psychological interventions
remain the first-line treatment. In particular, studies exploring the
impact of lifestyle modification involving multiple lifestyle ele-
ments are scanty. To our knowledge, only two RCTs examined the
effects of multicomponent lifestyle interventions in patients with
mood disorders. In the first study, comparing the efficacy of four
specific dietary-hygienic recommendations with four generic re-
commendations in 80 outpatients with non-seasonal depression,
Garcia-Toro et al. (2012) reported a significantly better evolution of
depressive symptoms in the active treatment group and a drop-
out rate of 25% in each group at six months. In the second study
(Frank et al., 2015), carried out in 122 overweight patients with
bipolar-I disorder in remission, an integrated risk reduction in-
tervention including a psychiatric treatment and assessment,
medical monitoring and a healthy lifestyle programwas compared
with a control condition including psychiatric treatment and as-
sessment. The experimental intervention resulted in a modest BMI
reduction at six months (2.3% vs. 0.2% in the control group).

The aims of the present study are to assess the acceptability
and the efficacy of a standardized healthy lifestyle
interventionþpharmacotherapy, compared with usual car-
eþpharmacotherapy, in preventing the relapses of depressive
episodes in patients with recurrent depression or bipolar dis-
orders. We expected that the proportion of relapses would be
lower among patients assigned to the experimental intervention
during the intervention period and during the 1-year follow-up
period.
2. Methods

Patients were recruited between 2011 and 2014 at the De-
partment of Molecular and Developmental Medicine, Division of
Psychiatry, of the University of Siena. Forty-five (28%) participants
were referred from the endocrinology/obesity center of Siena
hospital.

Inclusion criteria were:

� age418
� a history of at least 2 depressive episodes, the most recent with

an onseto4 months
� a diagnosis of recurrent major depressive disorder or bipolar

disorder
� remission or full recovery from the depressive episode
� ongoing pharmacological maintenance treatment
� willingness to sign a written informed consent.

Exclusion criteria were:

� being in an acute depressive episode
� unwillingness/inability to provide a written informed consent
� the presence of severe medical illness that would contraindicate

participation in the healthy lifestyle program.

The study protocol was approved by the Ethics Committee of
the University Hospital of Siena. All patients signed a written in-
formed consent to participate in the study after receiving a de-
scription of the study procedures.

2.1. Assessments

Patients’ diagnosis at baseline was determined using the
Structured Clinical Interview for DSM-IV axis-I disorders (First
et al., 2002). Other assessments evaluated the presence and se-
verity of depressive and manic symptoms, functioning, quality of
life and sleep. The assessment time points are reported in Table 1.
Relapse was determined based on the scores44 on the Clinical
Global Impressions Scale (CGI-S), and either the Patient Health
Questionnaire (PHQ�9)414 [depressive relapse] or the Young
Mania Rating Scale (YMRS)Z7 [manic/mixed relapse], as mea-
sured during the visit or through the Longitudinal Interval Follow-
up Evaluation (LIFE, Keller et al., 1987), if symptoms started before
the visit, and was confirmed by a study clinician.

The Patient Health Questionnaire (PHQ-9, Kroenke et al., 2001)
is a self-administered instrument, which scores each of the 9 DSM-
IV criteria as “0″ (not at all) to “3” (nearly every day). The total
score ranges from 0 to 27. In the validation study, a PHQ-9
score4or¼10 had a sensitivity of 88% and a specificity of 88% for
the diagnosis of major depression. PHQ-9 scores of 5�9, 10�14,
15�19, andZ20 represent mild, moderate, moderately severe,
and severe depression, respectively. The PHQ-9 proved to have
good construct and criterion validity.

The Work and Social Adjustment Scale (WSAS, Mundt et al.,
2002) is a self-report scale that assesses daily functioning; it
consists of five items exploring work functioning, home manage-
ment, social leisure, private leisure and relationships on an eight-



Table 1
Study assessments.

Screening V1 Each visit Follow-up visits at months 3,6, 9, 12

SCID-I, demographic form, treatment history X
Current pharmacological treatment X X X X
Dispensed drugs X X X X
Clinical Global Impressions Scale (CGI) X X X X
Young Mania Rating Scale (YMRS) X X X X
Longitudinal Interval Follow-up Evaluation (LIFE) X X
Medical assessments

Fitness to physical exercise X If necessary If necessary If necessary
Physical examination X X*

ECG X X*

Blood tests** X** X**

Urine drug tests X If necessary If necessary
Pregnancy test (women in fertile age) X If necessary If necessary If necessary
Medical assessments

Waist circumference X X
Hips circumference
Weight
Height
Systolic pressure X X
Diastolic pressure
Heart rate
Self-report measures

PHQ-9 X X X X
Short form survey (SF-12) X X
Work and social adjustment scale (WSAS) X X
Occupational status X X
Pittsburgh sleep quality index (PSQI) X X
Epworth sleepiness scale (ESS) X X
Self-report instruments (only HLI group)

Paffenbarger physical activity questionnaire X X
HLI adherence questionnaire X X

* Medical history, electrocardiogram and physical examination are conducted at the screening and at the 12 months follow-up visit.
** Laboratory tests include: urine analysis, pregnancy test, hemocrome, electrolytes, antithyroid antibodies, serum uric acid, creatinine, SGPT, SGOT, gamma-glutamyl

transferase, lipid profile, T4 (tiroxine), T3, TSH, glucose, fasting insulin and glycated hemoglobine.
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point ordinal scale. The total score ranges from 0 to 40. A score
from 11 to 20 denotes mild functional impairment, while a score
higher than 20 denotes severe functional impairment. In the va-
lidation study, internal consistency was found to range from 0.70
to 0.94, and the test retest correlation was 0.73. Interactive voice
response administration of this scale yielded correlations of 0.81
to 0.86 with clinician interviews. The WSAS correlation with se-
verity of depression was 0.76. Scores were sensitive to patient
differences, in terms of disorder severity and treatment-related
change (Mundt et al., 2002).

The Young Mania Rating Scale (YMRS, Young et al., 1978) in-
cludes 11 items and is used to assess disease severity in patients
already diagnosed with mania. It is intended to be administered by
a trained clinician who assigns a severity rating on a Likert scale
for each item based on a personal interview. The total score ranges
from 0 to 56. The scale is based on the patient’s subjective report
of his/her clinical condition over the previous 48 hours that typi-
cally takes 15�30 min to administer. Items can be rated by
querying the patients or from direct observation, and encompass
elevated mood, increased motor activity, sexual interest, sleep,
irritability, speech, language/thought disorder, content, disruptive/
aggressive behavior, appearance and insight. It is the most used
outcome measurement in clinical trials and longitudinal natur-
alistic studies. The cut-off of Z20 on the total YMRS score was
used to define acute mania and a cut-off of Z10 was used to
define a manic/hypomanic switch in patients with unipolar de-
pression (Rucci et al., 2013).
The Clinical Global Impressions Scale (CGI, Guy, 1976) provides
an overall clinician-determined summary measure that takes into
account all available information, including a knowledge of the
patient’s history, psychosocial circumstances, symptoms, behavior,
and the impact of the symptoms on the patient’s ability to func-
tion. The CGI actually comprises two companion one-item mea-
sures. The CGI-S evaluates the severity of psychopathology from
1 to 7: 1¼normal, not at all ill; 2¼borderline mentally ill;
3¼mildly ill; 4¼moderately ill; 5¼markedly ill; 6¼severely ill;
7¼among the most extremely ill patients. The CGI-I measures
change from the initiation of treatment on a similar seven-point
scale (1¼very much improved since the initiation of treatment;
2¼much improved; 3¼minimally improved; 4¼no change from
the initiation of treatment; 5¼minimally worse; 6¼much worse;
7¼very much worse since the initiation of treatment. For the
purposes of the present paper, we dichotomized the original CGI-I
score by contrasting the first three categories (improved) vs. the
other four (not improved).

The PSQI (Buysse et al., 1989) is a self-report scale developed to
measure the quality of sleep. The scale consists of 19 items rated
by the person and 5 rated by the bed/room mate that are not in-
cluded in the total score. Items are grouped into 7 composite items
rated on a 0�3 scale that yield a total score of 0–21, with higher
scores denoting more sleep problems. A score45 indicates the
presence of a sleep disorder. The instrument proved to have good
psychometric properties and to be able to distinguish good from
bad sleepers.
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The Epworth Sleepiness Scale (ESS, Johns, 1991) was developed
to measure diurnal sleepiness. It consists of 8 items rated from 0 to
3. The total score ranges from 0 to 24, with higher scores denoting
a higher likelihood of sleepiness. ESS scores significantly dis-
tinguished normal subjects from patients in various diagnostic
groups including obstructive sleep apnea syndrome, narcolepsy
and idiopathic hypersomnia. ESS scores were significantly corre-
lated with sleep latency measured during the multiple sleep la-
tency test and during overnight polysomnography. In patients
with obstructive sleep apnea syndrome, ESS scores were sig-
nificantly correlated with the respiratory disturbance index and
the minimum SaO2 recorded overnight. ESS scores of patients who
simply snored did not differ from controls.

The SF-12 (Ware et al., 1995) is a validated and widely used
health-related quality of life measure. It consists of 12 items that
are aggregated into two summary measures of physical health
(PCS) and mental health (MCS), expressed as T-scores (mean¼50,
SD¼10), where higher scores denote a better health-related
quality of life.

The Paffenbarger Physical Activity Questionnaire (Paffenbarger
et al., 1993) is an eight-item validated instrument that is used to
measure self-reported weekly duration and intensity of physical
activity.

In order to measure adherence to the HLI program, an ad hoc
questionnaire was developed for the present study that includes
four questions: one explores the extent to which the patient was
able to follow the instructions received in the previous week
(1¼never, 2¼part of the week, 3¼almost the entire week,
4¼every day), the second rates the quality of the material received
(1¼good, 2¼sufficient, 3¼ insufficient, 4¼poor, 5¼very poor),
the third rates the ability of the physician to explain the program
(1¼good, 2¼sufficient, 3¼ insufficient) and the fourth assesses
motivation to adhere to the program (1¼yes, 2¼no).

2.2. Healthy lifestyle intervention

Patients were randomized to receiving a healthy lifestyle in-
tervention (HLI) and drug treatment, or usual care and drug
treatment. Patients assigned to HLI were assessed at the end of the
intervention and were followed up for 12 months after the con-
clusion of the intervention; controls were assessed and followed
up at the same times.

The HLI is a comprehensive, standardized, and integrated
manualized program that helps patients to develop and maintain a
healthy and active lifestyle. The HLI provides support and re-
inforcement to patients in order to achieve the desired results. The
HLI was developed after reviewing the literature on the topic, with
the aim to develop a program suitable for Italian patients with
recurrent depression (major depressive or bipolar disorder) in the
remission phase. In designing the study and the manual, the au-
thors were particularly influenced by the lessons of E. Frank, M.
Marcus, D. Kupfer, A. Germain, and M. Hall, who designed a similar
study and intervention aimed at reducing medical risk in in-
dividuals with bipolar disorder (Frank et al., 2015). The HLI manual
was developed after a review of the literature on the topic and of
the manual that the authors above had designed for patients with
bipolar disorder. All information was then adapted to both uni-
polar and bipolar patients and to Italian culture and habits. The
manual did not undergo psychometric testing. Indeed, the present
study was intended to test the usefulness, acceptability and fea-
sibility of both the intervention and the manual itself.

The HLI aims to: 1) minimize the medical risk factors and
promote quality of life; 2) improve the quality of sleep, 3) promote
physical activity and, when necessary, weight loss; 4) promote the
reduction/cessation of smoking. For smoking patients, the smok-
ing sessions were optional.
The HLI consisted of individual sessions lasting 45–60 min held
by psychiatrists and dieticians (only for sessions 7–8) and focused
on the following topics (see Table 2):

1. the importance of life balance
2. psychoeducation on mood disorders
3. hygiene of social rhythms
4. sleep hygiene
5. the energy balance
6. physical exercise
7. nutritional education
8. eating and drinking: a matter of behavior
9. losing weight with physical exercise

10. addressing ‘relapses’ into bad eating habits and sedentary life
11. (optional) the harm caused by smoking
12. (optional) ways to quit smoking

Session 1 is an introduction to the experimental intervention
and emphasizes the importance of balance between what a person
has to do and wants to do in daily life and of a regular daily
routine.

Session 2 provides an overview on the prevalence, symptoms,
causes, course and treatments of mood disorders, including the
pharmacological, psychological and other interventions (for in-
stance herbal supplements, such as St. John's wort).

The sessions on social rhythms (session 3) and sleep hygiene
(session 4) are based on the close connection between sleep dis-
orders and mood disorders and on the importance of insomnia in
the onset of an acute episode (depressive or manic) and its prog-
nosis. The Sleep hygiene module includes elements of psychoe-
ducation and monitoring of the sleep-wake cycle. Patients are
helped to learn the connection between the breaking of the sleep
routine and the onset of mood symptoms. Patients are prompted
to increase the regularity of their daily routine, especially for what
pertains the time in going to bed and waking up. Also, patients are
helped to recognize and change all the habits that may interfere
with a healthy sleep hygiene. The importance of dietary habits and
physical activity as important zeitgebers for circadian system, es-
sential in maintaining a regular sleep-wake cycle and social
rhythms, is stressed out throughout the entire module. Changes
related to the sleep-wake cycle, or to the social rhythms, are
monitored via the SRM (Social Rhythm Metric) (Monk et al., 1990).

The sessions on energy balance and physical activity (sessions
5 and 6) aim at providing education about the importance of
physical exercise and at promoting the inclusion of regular phy-
sical activity in the daily activities. The key elements include the
identification of targets for the weekly energy expenditure, the
development of a program for regular physical activity, aiming at a
gradual increase in physical activity over time. The participation in
the program is facilitated using motivational and behavioral
techniques and progressive targets to achieve moderate levels of
physical exercise are suggested. Pedometers are also used and the
Paffenberger Activity Questionnaire (Paffenbarger et al., 1993) is
completed to monitor and facilitate progress.

The sessions on eating, drinking, losing weight with physical
exercise and preventing ‘relapses’ into bad eating habits and se-
dentary life (sessions 7–10) are focused on the importance of
proper nutrition and regular meals. Sessions are based on the
Dietary Guidelines for Americans 2005 (US Department of Health
& Human Services and US Department of Agriculture, 2005),
adapted to Italian eating habits. The key elements include appro-
priate choice of food, education about dietary guidelines, about the
nutritional values of foods and beverages, and about fat, sugars,
and cholesterol. This module promotes healthy food choices gra-
dually. A modest loss of weight, between 5% and 10%, is aimed for
overweight or obese patients, to be achieved through a weight loss



Table 2
Summary description of Healthy Lifestyle Intervention sessions.

Topics Therapeutic targets

1. The importance of life balance � Measuring the balance betweenwhat the person is willing
to do and what has to do in daily life

� Identifying potential imbalances in daily activities

2. Psychoeducation on mood disorders � Education on prevalence, symptoms, causes, course and
treatments of mood disorders

� Increase awareness and knowledge of mood disorders
� Self-monitoring of depressive and manic symptoms

3. Hygiene of social rhythms � Education on sleep-wake cycle disturbance in relation to
mood disorders

� Relationship between disruption of rhythms and the onset
and maintenance of symptoms

� Emphasis on regularity and education about healthy ha-
bits to favor sleep

� Effect of nicotine, alcohol and other substances on sleep
and on the social rhythms

� Eating habits and physical activity: essential elements for
achieving good social rhythms and a healthy sleep-wake
cycle.

� Relapse prevention

� Self-monitoring of the sleep-wake cycle and social rhythms
� Achieving and maintaining a regular sleep-wake cycle and

regular social rhythms through the gradual regularization of
sleep

� Self-monitoring of nutrition and physical activity as im-
portant social zeitgebers

4. Sleep hygiene

5. The energy balance � Measuring energy expenditure
� Education on the role of a healthy physical and mental

energy balance in preventing mood episode

� Identify ways to measure and improve mental and physical
energy expenditure

6. Physical exercise � Education on the importance of physical activity and
strategies to find the time to integrate exercise in the
weekly routine

� Education on how to be more active and how to exercise
safely

� Identification of ways to take an interest and get pleasure
from physical activity

� Strategies to stay motivated

� Identify the number of minutes to devote to exercise, to
increase gradually over four weeks

� Including in daily activities physical exercise of moderate
intensity for 30 min 3 to 5 times a week

7. Nutritional education � Education about healthy eating habits
� Making healthy food choices
� Eat fewer calories and less fat
� Alcohol and weight management
� Maintaining a healthy diet and weight loss

� Improve/maintain self-monitoring of food ingestion
� If indicated: reduction of 500 calories per day in a pro-

gressive way
8. eating and drinking: a matter of behavior

9. Losing weight with physical exercise � How to lose weight (if necessary)
� Exercise and weight loss
� Maintaining a weight loss

� If indicated: achieve a modest weight loss (5–10% of initial
weight)

10. Addressing ‘relapses’ into bad eating ha-
bits and sedentary life

� Education about the difference between lapses and re-
lapses and ways to cope with them

� Develop strategies to see a relapse as an occasion for a
change as opposed to an occasion to give up

11. (Optional) the harm caused by smoking
and ways to quit smoking

� Review of the effects of smoking on health
� Education about the interactions between nicotine and

the drugs used to treat depressive disorder
� Strategies to control the urge to smoke
� Identify the relationships between smoking, sleep pat-

terns and social rhythms, and eating habits
� Education about the signs of recovery of smoking
� Education about available resources for people who quit

smoking

� Self-monitoring of the ways and stimuli to smoke
� Identify the benefits for smoking cessation
� Plan to quit smoking: identification of a day and the best

ways to stop smoking
� Identify and amplify the strengths to be used to resist the

urge to smoke

12. (Optional) stop smoking.
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is 0,5–1 kg per week (i.e., decreasing the calories by 500–1000 per
day). This approach proved to be effective in patients with severe
mental illness (Alvarex-Jimenez et al., 2006; Mauri et al., 2006).
Each participant is helped to develop a meal plan in line with
individual preferences, and to achieve and maintain a healthy
body weight. A daily food diary and the Fat & Fiber Behavior
Questionnaire (FFB, Kristal et al., 1990) is used to monitor progress
and difficulties in adhering to a healthy choice of food for a healthy
eating program.

The two optional sessions (sessions 11 and 12) on smoking
cessation are primarily based on the cognitive behavioral approach
of the American Cancer Society’s FreshStart Program (Shiffman
and Cline, 1990). The FreshStart Program has been shown to
achieve a 22% success rate (Lando et al., 1990). The program is
focused on the acquisition of skills to address the discontinuation
of smoking habits and includes psychoeducation on nicotine ad-
diction and the delivery of strategies to promote and sustain
smoking termination.

All sessions were conducted via face-to-face psychoeducational
meetings with a psychiatrist and/or (for sessions 7 and 8) a die-
tician. The manual instructions concerning exercise, diet, and sleep
hygiene were reviewed together with the patients. Reading ma-
terials and handouts were provided for homework. Each subject
was asked to attend 10 sessions (12 if they elected to participate in
the smoking cessation module). Each new session started with a
summary of the previous sessions, which allowed a better perso-
nalization of the intervention, through the possibility to allocate
more time to boost those issues that were particularly important
for the individual patient. The assessment visits coincided with the
HLI sessions for patients assigned to the experimental group. The
intervention phase lasted 10 weeks for patients who attended
sessions 1 to 10 and 12 weeks for those who also attended the
2 optional sessions on smoking cessation.

2.3. Statistical analyses

The sample size was defined assuming a 25% difference in re-
lapse rate between the experimental group and the control group.
The sample size required to reject the null hypothesis of equality
of the relapse rate between the HLI group and the control group
with a power of 90% and a Type-I probability of error of 0.05 is 124
(62�2). Anticipating a drop-out of 20% of patients, the
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recruitment of 160 patients is sufficient to test the hypothesis of
the study, using the χ2-test. Continuous variables were summar-
ized as means7SD and categorical variables as percentage fre-
quencies. The primary outcome (percentage of relapses) was
compared between the study groups using the χ2-test. The risk of
relapse was estimated using Kaplan-Meier analysis and was
compared between the study groups using log-rank test. Second-
ary outcomes, including changes in vital parameters and scale
scores from baseline to three months, were examined in HLI pa-
tients and controls who completed the three-month assessment.
Specifically, changes were analysed within each group, using the
paired-samples t-test, and between groups using the in-
dependent-samples t-test or Wilcoxon W test when appropriate.
In addition, linear mixed effects models with restricted maximum
likelihood estimation were used to compare between groups the
course of depressive symptoms, functioning and BMI over three
months. These models take advantage of the information collected
at each visit to estimate the linear trend over time of the outcome
of interest. All analyses were carried out using SPSS, version 20.
Assessed for el

Completed 3 month FU (N=33) 
Completed 6 month FU (N=25) 
Completed 9 month FU (N=14) 
Completed 12 month FU (N=10) 

Completed intervention (N=43) 

Lost to follow-up or no longer interested 
(N=11) 

Controls 
Allocated to intervention (N=79) 

Allocati

Follow up 

Interven
phas

Randomized 

Analy

Analysed  (N=79) 

Fig. 1. Flow diagram
3. Results

3.1. Study participants

The flow chart of study participants is provided in Fig. 1. Of the
160 eligible patients, 81 were randomized to HLI and 79 to the
control group. In the HLI group, 64 received the allocated inter-
vention and 48 completed the intervention. Five patients partici-
pated in the optional module of smoking cessation. In the control
group, 54 initiated and 43 completed the intervention.

Patients had a mean age of 49 years and were 80% female, 73%
had at least a high school educational level, 55% were married or
living with partner, 9.3% were unemployed (Table 3). 105 had bi-
polar disorder and 55 recurrent unipolar depression. Twenty-two
percent of participants were smokers, and 75.8% had tried a diet at
least once. The mean BMI was 31 kg/m2(SD 5.5), mean diastolic
blood pressure was 77.4 mmHg (SD 10.7), and mean systolic blood
pressure 119.3 mmHg (SD 11.3). Concerning physical activity, at
baseline 39.6% reported to exercise on a regular basis, and 20.8%
occasionally.
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Fig. 2. Kaplan-Meier estimates of time to relapse in the study groups.
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3.2. Outcomes

3.2.1. Primary outcome
During the intervention phase, 1 relapse occurred in the HLI

group, and 4 in the control group. Over the 12 month follow-up,
relapses were 5 in the HLI group and 16 in control group. Using an
intent-to-treat approach, the overall percentage of relapses was 6/
81 (7.4%) in the HLI group vs. 20/79 (25.3%) in the control group
(χ2¼9.4,df¼1, p¼0.002). Using a per-protocol approach, i.e. con-
sidering only those who received at least one visit after the be-
ginning of the intervention, relapses were 6/64 (9.4%) in the HLI
group and 20/54 (37.0%) in the control group (χ2¼13.0, df¼1,
po0.001). In a Kaplan-Meier analysis, patients in the HLI group
were significantly less likely to experience a relapse compared
with the patients assigned to the control group (log-rank
test¼8.77, p¼0.003, Fig. 2).

Among patients with bipolar disorders, the percentage of re-
lapses was significantly lower in those assigned to the HLI group
than in those assigned to the control group (9.4% vs. 30.8%, χ2¼7.5,
df¼1, p¼0.006) and among patients with unipolar depression, the
percentage of relapses was lower in the HLI group, but not sig-
nificantly (3.6% vs. 14.8%, χ2¼2.1, df¼1, p¼0.147). Kaplan-Meier
analysis confirmed that patients with bipolar disorder assigned to
the HLI group had a significantly lower risk of relapse compared to
those assigned to the control group (log-rank test¼6.03,
p¼0.014), while no difference in risk was found in patients with
unipolar depression (log-rank test¼2.05, p¼0.152).

3.2.2. Other outcomes at the end of the intervention phase
Changes in scale scores and vital parameters at the end of the

intervention phase are reported in Tables 4 and 5. All HLI patients
and 82% of control patients were rated as mildly to highly im-
proved on the CGI-I, with a significantly higher benefit (p¼0.0116)
in HLI patients (Table 4).

Concerning within-group comparisons, a significant reduction
in PHQ-9, ESS scores and BMI and weight was found in HLI
patients, while for all the other scales and vital parameters
changes were not significant either for HLI patients or controls.

Between-group comparisons indicated that the reduction of
BMI, weight and waist circumference was higher in HLI vs. con-
trols. Quality of life improved in the HLI group, compared with the
control group, but not significantly, both in the mental health and
in the physical health component. The improvement in depressive
symptomatology and functioning (PHQ-9 and WSAS) in the HLI
group did not differ significantly from that observed in the control
group. Sleepiness was reduced in the HLI group, compared with
controls, but not significantly. No differences were found on
quality of sleep. Fig. 3a–c shows the mean PHQ-9 and WSAS scores
and BMI values during the intervention phase in the two study
groups.

3.2.3. Time trend of outcomes during the intervention phase
Linear mixed models were carried out to compare the trend of

depressive symptomatology, functioning and BMI between the
two study groups over 10 weeks of the intervention phase. Be-
cause only 5 patients attended the smoking sessions at weeks 11
and 12, we did not include in the analyses these time points.

The estimated improvement in depressive symptomatology
(PHQ-9) in the HLI group was about 1.7 points and did not differ
significantly from that in the control group, about 0.4 points
(F¼1.67, df¼92.4, p¼0.20). Still, it is to be noted that the level of
depressive symptoms was low at baseline in both groups. Func-
tioning (WSAS) improved about one point in the HLI group (from
8.3 to 7.5) and remained stable in controls (F¼0.32, df¼102.7,
p¼0.57).

The estimated change in BMI was þ0.61 kg/m2 in the control
group and �0.26 kg/m2 in the HLI group, with significant differ-
ences between groups (F¼6.04, df¼30.77, p¼0.02).

3.2.4. HLI program adherence
Of the 64 patients who initiated the HLI, 48 completed the

program, 10 (15%) discontinued it and 6 were terminated for



Table 3
Demographic characteristics of study participants.

HLI Control p

Agea (mean7SD) 49.45712.65 48.80711.53 0.74

Gender
F 66 (81.5%) 62 (78.5%) 0.64
M 15 (18.5%) 17 (21.5%)

Educational levela

Primary OR secondary school 19 (38.8%) 18 (36%) 0.53
High school 17 (34.7%) 24 (48%)
University degree 11 (22.4%) 7 (14%)
Post graduated 2 (4.1%) 1 (2%)

Worka

Artisan 1 (2.1%) 0 0.58
House wife 7 (14.6%) 5 (10.2%)
Dealer 3 (6.3%) 3 (6.2%)
Entrepreneur 1 (2.1%) 4 (8.2%)
Freelance 1 (2.1%) 1 (2%)
Student 2 (4.2%) 1 (2%)
Retired 11 (22.9%) 8 (16.3%)
Unemployed-searching for job 2 (4.2%) 7 (14.3%)
Trainee 0 1 (2%)
Temporary worker 4 (8.3%) 1 (2%)
Permanent worker 16 (33.3%) 18 (36.7%)

Currently smokinga

No 41 (83.7%) 36 (72%) 0.16
Yes 8 (16.3%) 14 (28%)

Ever on a diet?a

No 13 (26.5%) 11 (22%) 0.60
Yes 36 (73.5%) 39 (78%)

Marital statusa

Single 12 (25%) 15 (30%) 0.71
Living with partner 1 (2.1%) 1 (2%)
Divorced 4 (8.3%) 4 (8%)
Separated 1 (2.1%) 4 (8%)
Married 27(56.3%) 25 (50%)
Widowed 3 (6.2%) 1 (2%)

Living arrangementa

With partner 1 (3.6%) 1 (3.3%) 1.00
Alone 4 (14.3%) 5 (16.7%)
Extended family 2 (7.1%) 2 (6.7%)
Own family 21 (75%) 22 (73.3%)

Annual income (Euro)a

o9.000 4 (9.1%) 10 (23.3%) 0.15
Z9.000�15.000 8 (18.2%) 11 (25.6%)
415.000–20.000 1 (2.3%) 6 (13.9%)
420.000–25.000 7 (15.9%) 3 (7%)
425.000–30.000 5 (11.4%) 3 (7%)
430.000–35.000 7 (15.9%) 5 (11.6%)
435.000–45.000 5 (11.3%) 3 (7%)
445.000–60.000 4 (9.1%) 1 (2.3%)
460.000 3 (6.8%) 1 (2.3%)

χ2 test was used to compare categorical variables between groups; t-test was used
to compare the mean age between groups.

a Missing data: 3 for age; 61 for educational level, currently smoking and ever
on a diet; 63 for work; 62 for marital status; 102 for living arrangement; 73 for
annual income.
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medical reasons. The majority (50/64, 78.1%) attended at least
5 HLI sessions. More than 50% reported that they had followed the
prescriptions daily or for most of the week. More than 89% of
patients rated the quality of the material received good, and more
that 97% rated the ability of the physician to explain the program
good and virtually all (495%) felt motivated throughout the
program.
4. Discussion

Many studies have evaluated the efficacy of exercise to reduce
depressive symptoms, and most of them have reported a positive
benefit associated with exercise involvement (Craft and Perna,
2004). Research also suggests that the benefits of exercise are long
lasting (DiLorenzo et al., 1999).

Hence, we expected that a healthy lifestyle intervention, pri-
marily based on physical activity, sleep hygiene, and healthy diet
would have significant and clinically important mental health
benefits for patients with depression.

Our results indicate that a combined and standardized healthy
lifestyle intervention is efficacious in preventing relapses in patients
with recurrent depression in remission and confers a risk reduction
during the intervention phase and the 12-month follow-up period.
This finding is consistent with evidence from the literature in-
dicating that lifestyle modifications reduce stress, wards off anxiety
and feelings of depression, boosts self-esteem and improve sleep
(Sarris et al., 2014). Besides improving the mood disorder, a healthy
lifestyle offers other health benefits, such as lowering blood pres-
sure, protecting against heart disease and cancer.

Among patients with unipolar depression, the percentage of
relapses was clearly lower in the HLI group (3.6% vs. 14.8%), but did
not achieve statistical significance, whereas among patients with
bipolar disorders, the percentage of relapses was lower in those
assigned to the HLI group than in those assigned to the control
group (9.4% vs. 30.8%) and the difference was statistically sig-
nificant. Hence, our study confirms that a lifestyle intervention
holds high likelihood to reduce new episodes of depression in
patients with mood disorders in general and in patients with bi-
polar disorder in particular. We believe that exercise, sleep hygiene
and promotion of a healthy diet should be considered as a key
component of maintenance treatment for patients with depressive
episodes. However, this kind of intervention is still underused in
current practice.

Indeed many depressed patients receive predominantly phar-
macologic therapy, with fewer receiving adjunct cognitive or be-
havioral interventions (Olfson et al., 2002). As a result, a number of
patients are not appropriately educated regarding non-pharma-
cologic strategies for managing and preventing the symptoms of
their depression.

Concerning secondary outcomes we found a significant re-
duction in depressive symptoms (PHQ-9) in the HLI group. Pa-
tients’ self-report was consistent with the interviewer-rated CGI
improvement. This finding indicates that even when patients are
in the maintenance phase and have low levels of depressive
symptoms there is room to achieve a full recovery. Our result has
clinical implications because residual depressive symptoms are
well-known predictors of relapse and poor psychosocial and
functional outcomes during continuation and maintenance treat-
ment (Prien and Kupfer, 1986; Mendlewicz, 2008).

Weight loss proved to be higher in the HLI compared with
control group, even though not substantive in absolute terms and
lower than expected, given the average BMI of patients at study
entry. Our results are consistent with Frank et al. (2015), who re-
ported a modest BMI reduction in patients with bipolar disorder in
remission after a 6-month intervention including a healthy life-
style program. Moreover, they are consistent with a meta-analysis
(Fabricatore et al., 2002) showing that lifestyle modification is
superior to control and non-dieting interventions for reducing
symptoms of depression, and marginally better than dietary
counseling and exercise-alone programs. However, our findings
also suggest that more efforts should be devoted to help patients
reduce (or to have them monitor) calories intake and increase
physical activity in order to improve the efficacy of the
intervention.



Table 4
Within- and between-group differences in scale scores from baseline to the last intervention visit.

HLI Control

First visit Change Within First visit Change Within Between
group Group group
p value p value p value

Functioning and quality of life
SF-12

PCS 45.87710.22 1.4377.60 0.43 46.5278.97 �3.40710.73 0.24 0.14
MCS 42.13713.01 3.75714.18 0.28 44.69711.79 �0.36710.42 0.89 0.36
WSAS 8.8878.05 �1.8978.16 0.17 7.6277.41 0.1278.94 0.94 0.33

Symptomatology

PHQ-9 6.5674.82 �2.4274.06 0.001 6.0874.95 �0.7676.26 0.17 0.29
CGI-S 2.3171.28 �0.3271.18 0.09 2.3871.10 �0.1971.08 0.32 0.67
CGI-I

(% Improvement at v10) 100% 82.0% 0.01
Sleep

ESS 6.9874.18 �1.5373.83 0.037 4.9374.91 0.1373.81 0.85 0.10
PSQI total 6.9773.22 0.6473.29 0.54 7.4273.92 �1.6072.07 0.16 0.19

Paired t test or Wilcoxon signed rank sum test were used to analyse differences within groups, while t-test or Wilcoxon-Mann Whitney test were used to analysed changes
between groups. χ2test was used only to compare the percentage of patients who exhibited mild to high improvement (CGI-I) between groups.
Abbreviations: SF-12 Short form survey, PCS physical component, MCS mental component, WSASWork and Social Adjustment Scale, PHQ�9 Patient Health Questionannaire,
CGI-S Clinical Global Impressions, Severity, CGI-I Clinical Global Impressions, Improvement; ESS Epworth Sleepiness Scale, PSQI Pittsburgh Sleep Quality Index.
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As to sleep, some improvement was observed for sleepiness
(ESS) in the HLI group, but not for the quality of sleep.

Our results should be interpreted in light of some important
limitations. First, our ability to engage and retain patients in the
study was limited by the fact that they were recruited during the
maintenance phase and that their main gain to participate in the
study was the opportunity to participate at no cost in the HLI. Hence,
there was not much interest to remain in the study after the 3-month
intervention program, just to provide follow up information.

Second, a longer follow-up period would have been necessary
to establish the long term effect of HLI.

Third, relapse may have occurred at the end of the intervention
phase; however due to the drop out numbers during the follow-up
phase in both treatment arms, our relapse rates are
underestimated.

Fourth, the study is underpowered to detect the differential
benefit of the program in the two diagnostic groups and our
conclusions suggesting a significant reduction of recurrences only
in patients with bipolar disorder warrant further confirmation.

Fifth, the PSQI questionnaire has many missing data because
information on sleep quality was difficult to retrieve, therefore our
results are based on a limited number of patients.

While keeping in mind these limitations, our results indicate
that maintenance treatment of clinical depression can be
Table 5
Within and between group differences from baseline to the last intervention visit in vit

HLI

First visit Change W
gr
p

BMI (kg/m2) 31.5975.72 �0.4970.89 0.
Weight (Kg) 85.97717.21 �1.3472.36 0.
Diastolic Blood pressure (mmHg) 77.50710.40 0.21710.50 0.
Heart rate (bpm) 73.7277.43 �0.4076.44 0.
Hips circumference (cm) 114.24712.16 �0.8374.90 0.
Systolic Blood pressure (mmHg) 120.18711.12 1.79714.85 0.
Waist circumference (cm) 102.38713.91 �1.9476.33 0.

Wilcoxon signed rank sum test was used to analyse within groups differences, while W
improved by the addition of a healthy lifestyle programs.
Healthy lifestyle interventions hold promise to improve de-

pression outcomes, and the findings of this study suggest that
health care providers could promote the use of similar programs
as a key tool to prevent new episodes of depression in patients
with mood disorders.
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al parameters.

Control

ithin First visit Change Within Between
oup group group
value p-value p-value

001 30.3975.26 0.4672.01 0.004 {0.001
001 83.14717.97 1.1076.07 0.01 {0.001
48 77.19711.06 0.36710.83 0.88 0.82
63 74.6678.42 1.8277.77 0.14 0.13
28 109.41713.53 �0.2574.85 0.33 0.10
51 118.33711.50 0.69711.90 0.49 0.27
01 97.92713.87 0.9774.72 0.11 0.002

ilcoxon-Mann Whitney test was used to analysed changes between groups.
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Fig. 3. a. Empirical mean71SE PHQ-9 total score from the baseline to the 10th week in HLI patients and controls. b. Empirical mean71SE WSAS total score from the 1st to
the 10th week in HLI patients and controls. c. Empirical mean71SE BMI from the 1st to the 10th week in HLI patients and controls.
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