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Chapter 1    General introduction

GENERAL INTRODUCTION

Psychiatric disorders entail a major disease burden and many societal costs. For instance, 
Major Depressive Disorder (MDD) is the second leading cause of disease burden based on 
years lived with disability [1]. According to the 2015 ranking of psychiatric illnesses treated
in the Netherlands, depression tops the list at a cost of 862 million euros [2]. About 12% of 
depressions develop into  severe mental illness (SMI) [3] and 30% of  patients experience 
a recurrent depressive episode [4] within 2 years after complete remission. A depressive 
episode is usually accompanied by a physical disease burden, which increases with the 
severity of the depression [5]. For example, there is a reciprocal relationship between depres-
sion and cardio-metabolic disease [6, 7]. In the Netherlands, 222,000 patients have SMI, of 
which 50% have schizophrenia or psychosis spectrum disorders [2] and 10% major depres-
sion or bipolar disorders. In January 2014, a total of 9750 patients with SMI were admitted 
to specialized inpatient mental healthcare institutions for longer periods [8].

Sedentary behavior (see textbox) [9] is an important independent lifestyle factor for incre-
ased mortality and the development of disorders such as obesity, diabetes and metabolic 
syndrome in the general population [10]. This is especially true for SMI patients, who have 
an even higher risk of cardio-metabolic disease [11]  [12], a shorter life expectancy (15-30 
years), and a 2.2 times greater likelihood of premature death [13]. 

Definitions [9, 14]

Low levels of physical activity (see definition in text box) and high levels of sedentary 
behavior are characteristic of depression and patients with SMI [15]. Approximately 10% 
of the MDD patients also have diabetes mellitus and 30% have metabolic syndrome, which 
makes them a high-risk group for the associated cardiovascular diseases, especially in the 
group of patients who use antipsychotics in addition to antidepressants [16]. 
The research presented in this thesis focuses on physical activity in major depression and 
sedentary behavior in SMI in daily clinical practice. The effects of exercise on major depres-
sive disorder and the prevalence of sedentary behavior in SMI were both investigated.           

Sedentary behavior: 

Any waking behaviour in a sitting or reclining posture costing ≤1.5 times 
the basal metabolic rate  

Physical Activity:

Any bodily movement produced by the contraction of skeletal muscles that result 
in a substantial increase over resting energy expenditure 

Exercise:

A type of physical activity consisting of planned, structured, and repetitive bodily 
movement done to improve or maintain one or more components of physical fitness 

Physical fitness:

A set of attributes or characteristics that people have or achieve that relates to the ability 
to perform physical activity
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The background for this study 
This thesis originated from my clinical practice as a psychiatrist at GGZ Centraal. Below is a 
concise historical narrative on exercise, metabolic problems and psychiatric disorders. 

In the early 1980s, before starting my training as a psychiatrist, I became acquainted with 
severely depressed patients at the former Sanatorium in Zeist. Taking walks with severely 
depressed patients seemed intuitively more effective than trying to talk with them in the 
consulting room. It was striking that the conversation during those walks often developed 
from small talk into something substantial, enabling me to acquire essential information, 
for example about family troubles or suicidal thoughts. Later on I discovered that Shephard 
Ivory Franz had written about the effects of walking on depressed patients in 1905 in the 
“American Journal of Insanity” [17]: “clinical observations point strongly to the stimulating 
effect of exercise in this class of insane...”. In the 1930s, walking was also a valued activity 
in the Netherlands. An older patient proudly told his sister about the medal he had earned 
during a 30-kilometer walking event held at the former psychiatric care complex Willem 
Arntsz Hoeve in 1933 [18].

In my early years in psychiatry, exercise (see textbox) was an integral part of treatment, 
often in the form of psychomotor therapy. The clinical treatment departments at “Zon en 
Schild” had extensive facilities for patients, such as the well-equipped psychomotor center 
with a swimming pool and the wooded surroundings with a fitness circuit. The PhD study 
by Ruud Bosscher [19] provided us with scientific evidence that running therapy could be 
effective in depressed patients. Beginning in 1992, running therapy therefore became a 
permanent part of the treatment program for depressive and other psychiatric patients. 

Metabolic side effects of new drugs                                                                                                        
After 2000, the focus in the inpatient department for acute psychiatry shifted to somatic 
co-morbidity. The second-generation antipsychotics that we frequently prescribed, mainly 
olanzapine and risperidone, appeared to have many metabolic side effects in patients with 
psychoses. 
That was quite disappointing because we were otherwise almost euphoric about treating 
patients with the new drugs, which minimized the often debilitating, extra-pyramidal side 
effects of classical antipsychotics. My colleague Professor Dr. Peter van Harten had already 
established a national consultation at our Medical Center for treating the debilitating effects 
of classical antipsychotics [20].                                                                                                                                        

In the context of the recently acquired metabolic awareness, it was shocking and very 
disturbing to be confronted with patients, especially those with schizophrenia, who had 
previously been admitted and treated on the acute psychiatric ward and who were then 
enrolled in a subsequent polyclinic program. Some had gained 20-30 kg in six months and 
had developed type II diabetes and hypertension. The bipolar (depressions, manias and 
hypomanias) patients who were examined also showed similar weight gain, often due to 
the polypharmacy that was deemed necessary (mood stabilizers, antipsychotics and/or 
antidepressants, often in combination with benzodiazepines). 
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The “sportpoli”                                                                                                                                                                                
These observations made us realize that an outpatient program for dealing with the side 
effects of psychiatric medication was necessary. In 2002, we designed and implemented a 
multidisciplinary program for treating metabolic side effects of psychiatric medication, which 
patients soon called the “sportpoli”. The multidisciplinary team provided intake services: 
somatic screening, a physical examination by a psychiatrist, including a standard Electro-
cardiogram (ECG) at the GP, and medication screening and advice in coordination with our 
hospital pharmacists. A dietitian provided lifestyle advice for this often budget-limited patient 
group. A physical therapist/running therapist and exercise therapists provided an extensive 
exercise program. Besides the usual running therapy there was a walking group, a cycling 
group, and a soccer team. The outdoor exercise program took place in the wooded area and 
on a running track, and indoor program was held in the psychomotor center and in a gym in 
Amersfoort. The community mental health care nurse motivated patients to get out of bed 
and come to the exercise locations. The team organized exercise holidays for patients in the 
Netherlands and abroad (half marathons, hiking and cycling in mountainous areas such 
as Mont Ventoux). These holidays are still being organized. The 21st such holiday was in 
September 2019.        
         
Awareness of metabolic syndrome and decreased life expectancy                                                    
The NHANES data (National Health and Nutrition Examination Survey, concerning preva-
lence of coronary disease) [21] showed that the life expectancy in patients with schizophre-
nia was lower due to the earlier occurrence of coronary artery disease, especially in men 
over 40. It began to dawn on us that we were witnessing a major health problem. A later 
study showed that the life expectancy of patients with a chronic psychotic disorder could be 
as much as 20 years shorter [13], which is described as the “mortality gap”.                                                                                      

After this, we began giving lectures and workshops on the “sportpoli” not only within our 
hospital, but also at consecutive editions of the national Spring Conference for Psychiatry 
[22-28]. Later on, we also gave lectures at the international Deutsche Gesellschaft für Psy-
chiatrie und Psychotherapie, Psychosomatik und Nervenheilkunde (DGPPN) conferences in 
Berlin, and for general practitioners and medical specialists [29]. 
The program had a spin-off: at the GGZ Centraal Almere, an outpatient clinic for side effects 
of psychiatric medication was established by a nurse practitiner. 

Awareness of the metabolic problem and its potential severity began to grow among Dutch 
physicians, as evidenced by a 2006 issue of Medisch Contact in which the underlying mecha-
nisms of insulin resistance, the role of visceral fat and the definition of metabolic syndrome 
were debated [30]. 

The first lifestyle project                                                                                                                                          
In 2007,  hospital executive board asked us to set up a multidisciplinary lifestyle program 
for all locations, because the patient council had requested this. For this purpose a 2-year 
project group was appointed, which visited Prof. Marc de Hert in Louvain, a pioneer in schizo-
phrenia and metabolic adverse events in Europe. He already had several publications to his 
name [31, 32] and was developing national guidelines on screening for metabolic adverse 
events [33]. His European METEOR study [34], published in 2010, would show that meta-
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bolic screening was required not only for patients taking second-generation psychiatric 
medication, but also for those taking traditional drugs such as haloperidol. Inspired, we 
returned from his hospital, which in the following years would develop into an epicenter in 
the world of studies and publications on exercise and cardio-metabolic side effects, including 
publications by VanCampfort [35]. 

Our intention during the lifestyle project was to draw up guidelines for metabolic side effects 
for our hospital. During the course of this project, the Dutch guidelines on somatic compli-
cations from antipsychotic drug use [36] were published alongside an overview article [37] 
that summarized the current state of research. Nurses were closely involved with the life-
style project to inform patients; the focus was on increasing their awareness about nutrition, 
medication, and exercise. The project ultimately resulted in guidelines for screening for 
metabolic side effects [26].

Depression and metabolic problems                                                                                                                                         
The “sportpoli” focused partly on patients with schizophrenia, but its scope was much 
broader. Because the program had been set up for all diagnostic categories, the focus also 
shifted to more somatic screening for depression based on the physical examination that 
was performed. By this time, the study of Mathers et al. had predicted that depression and 
coronary artery disease would cause the highest relative mortality and disease burden in the 
Western world until 2030 [7]. Alertness to the existence of both disorders could therefore 
lead to significant health benefits. Prospective observational research showed that depres-
sion and cardiac problems were closely related: men with clinical depression were more 
likely to have coronary heart disease (relative risk (RR) = 2.12, 95% Confidence Interval 
(CI) 1.24-3.63) and myocardial infarction (RR = 2.12, 95 % CI 1.11-4.06), an effect that con-
tinued for at least 10 years after the depressive episode. In the case of depression, metabolic 
disturbances and/or metabolic syndrome also seemed to be a central factor in explaining 
the high prevalence of cardiovascular disease [38]. The mediating role of stress-related 
cortisol on insulin homeostasis (resistance), blood pressure and obesity was demonstrated 
[39] and led to the postulation of the “metabolic depression” subtype [40]. The underlying 
biological mechanisms for the association between depression and heart disease mediated 
by the autonomic nervous system and the hypothalamic-pituitary-adrenal axis with cortisol 
became increasingly clear [41]. Through observational studies it became clear to us that 
antidepressants and mood stabilizers (such as lithium and valproate) could also cause weight 
gain. This hypothesis was based on two sets of observations: 1) changes in carbohydrate 
and fat metabolism and changed fluid intake due to thirst [42], and 2) remission of mania 
symptoms in bipolar patients. The awareness of the weight gain caused by drugs used in 
mood disorders thus followed the awareness about the metabolic side effects of antipsy-
chotics. A literature review and meta-analysis published in 2010 [43], which investigated 
weight gain associated with the use of tricyclic antidepressants (TCA) and serotonin reup-
take inhibitors (SSRI), showed that amitryptiline, nortryptiline and mirtazepine caused a 
significant weight gain in the short term (4-12 weeks). However, this weight gain was less 
pronounced than the weight gain related to antipsychotics. 
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Acquiring scientific evidence                                                                                                                                         
Although we were giving lectures, workshops and symposia about our multidisciplinary 
program, we increasingly wanted to provide scientific evidence to support the method. We 
assumed that the program improved health: many patients lost weight and some were able 
to reduce their type-2 diabetes medication or even phase it out entirely due to normalizing 
blood sugar levels. The patients’ tolerance for side effects also seemed to increase, resulting 
in less interruption of pharmacotherapy, which was shown by the very few readmissions 
of participants in the “sports clinic”. However, we did not have a control group. 
    
Body@Work                                                                                                                                            
In 2008 our “sportpoli” program attracted the attention of Body@Work, a joint venture in 
exercise and health research of TNO and VUmc (Occupational and Public Health department). 
After preliminary discussions with Dr. Ingrid Hendriksen, it was decided to set up a prag-
matically randomized controlled trial of severely depressed patients under the supervision 
of Prof. Marijke Hopman-Rock. We chose this study design because the presumed effect of 
running therapy on the relief of depressive symptoms turned out to be less obvious than we 
thought. We based our research on the most recent systematic review at that time [44], as 
well as the Cochrane review and meta-analysis of 2008 [45]. However, the depressed 
populations in the reviewed studies differed greatly from those found in the daily practice 
of specialized mental health care. In many studies, volunteers with only mild depressive
symptoms were recruited through the media. Of the 25 randomized controlled trials (RCTs) 
included in the most recent review at that time, only six (of which five in adults) studied 
populations that were somewhat comparable to our severely depressed patients. Of these 
five trials, only one RCT was performed after 2000 [46]; this was a trial that compared a short 
10-day walking intervention with placebo. Another trial with comparable inpatients was 
from 1985 [47] and, according to the reviewers, had important methodological shortcomings 
(no blind outcome score, no intention to treat analysis). The other three studies with out-
patients [48-50] were also found to be methodologically weak (unclear allocation, no blind 
outcome assessor, no intention to treat analysis). Three RCTs in this review were methodo-
logically sound, and analysis showed a small, but not significant, clinical effect (Standard 
Mean Difference (SMD) of -0.42, 95% CI -0.88 - 0.03). To fill this knowledge gap, we decided 
to perform a high-quality RCT with a long follow-up involving depressed patients from 
specialized mental health care. This led to the design of the EFFORT-D (EFFect Of Running 
Therapy on Depression) study within the Body@Work research center. In view of the growing 
understanding of the cardio-metabolic burden, also in depressed patients, we decided to per-
form physical exercise tests in addition to collecting data via questionnaires and biometrics.
The reasons for the EFFORT-D summarized :
-  Till then no significant effect of exercise was found in methodologically well performed   
   RCT’s in a group of inpatients with MDD
-  Most RCT’s had methodological shortcomings
-  No RCT after the year 2000 delivered  ≥ 3 months exercise
-  We want to gain more knowledge about the relation between MDD, exercise and metabolic 
   burden

Exercise research in admitted patients                                                                                                                                         
During the EFFORT-D study (2010-2013), the “sportpoli” team continued to work on refining 
the program on the side effects of psychiatric medication. This program was still aimed at
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outpatients, but Dr. Diederik Tenback thought it was time for his inpatients (mostly with 
schizophrenia) to also benefit from a multidisciplinary intervention, because more and more 
was becoming known about serious cardio-metabolic problems in patients with severe 
mental illness (SMI) [51-54]. The recommendations regarding exercise coincided with the 
multidisciplinary program at the “sportpoli” [55, 56]. However, a large proportion of studies
on unhealthy lifestyles and sedentary behavior in SMI patients had been performed in out-
patients, and there were indications that the problems in inpatients were even more severe 
[57, 58]. In consultation with Dr. Diederik Tenback, we decided to investigate the physical 
activity and sedentary behavior of his inpatients in addition to studying movement disorders 
caused by psychiatric medication [59]. Following several preparatory discussions with 
Dr. Ingrid Hendriksen, we decided to first perform a baseline measurement in this group of  
patients using accelerometers of TNO Body@Work to quantify the patients’ physical activi-
ty and sedentary behavior. The results of this baseline measurement were then linked to the 
database previously created by Dr. Tenback with data on psychiatric diagnosis, pharmaco-
therapy, lifestyle and comorbidity [58]. This led to the appointment of MSc student Jeroen 
Deenik, who carried out the accelerometry study under the supervision of Dr. Tenback and 
myself. In combination with the multidisciplinary lifestyle intervention in admitted SMI pa-
tients (which was implemented later), this would lead to a separate PhD study for Jeroen [60, 61].

Aim of this thesis
The aim of this thesis is twofold: to demonstrate the benefits of more exercise in severely 
depressed patients in specialized mental health care (outpatients and inpatients), and to 
measure sedentary behavior in long-term admitted patients, primarily patients with schi-
zophrenia. 
Chapter 2 describes the design of the EFFORT-D study. The primary aim was to determine 
the effect of adding exercise (running therapy or Nordic walking) to the treatment protocol
according to the guidelines on level of depression. The patients were being treated in specia-
lized mental health care. The secondary aims were to assess the effectiveness of the program 
on the fitness, biometric data, blood parameters, anxiety, pain and quality of life of the parti-
cipating depressed patients and determine whether the program reduces healthcare costs. 
Chapter 3 presents an analysis of the challenges within the EFFORT-D study in the form of 
a process evaluation. Participant inclusion, drop-outs and no-shows were registered and 
evaluated qualitatively and quantitatively.  
Chapter 4 shows the results of the EFFORT-D study after quantitative analysis. An intention 
to treat analysis as well as a per protocol analysis are reported.
Chapter 5 analyzed which predictors influenced compliance with the exercise intervention 
and the study as a whole. Besides testing for predictors described by other researchers, we 
also included personality variables in the analysis.
Chapter 6 describes the accelerometer study in long-term admitted patients with SMI to 
obtain reliable data on their sedentary behavior, and presents a comparison with measure-
ments conducted on hospital staff.
Chapter 7 reports on the associations between the degree of sedentary behavior and/or 
physical activity and quality of life in addition to the attitude and self-efficacy regarding 
physical activity in patients with SMI.
Chapter 8 summarizes and discusses the results of the previous chapters and makes 
recommendations for future clinical practice and research.
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ABSTRACT
Background
The societal and personal burden of depressive illness is considerable. Despite the develop-
ments in treatment strategies, the effectiveness of both medication and psychotherapy is not 
ideal. Physical activity, including exercise, is a relatively cheap and non-harmful lifestyle 
intervention which lacks the side-effects of medication and does not require the introspective 
ability necessary for most psychotherapies. Several cohort studies and randomised controlled 
trials (RCTs) have been performed to establish the effect of physical activity on prevention 
and remission of depressive illness. However,  recent meta-analysis’s of all RCTs in this area 
showed  conflicting results. The objective of the present article is to describe the design of a 
RCT examining the effect of exercise on depressive patients.

Methods/Design
The EFFect Of Running Therapy on Depression in adults (EFFORT-D) is a RCT, studying the 
effectiveness of exercise therapy (running therapy (RT) or Nordic walking (NW)) on depres-
sion in adults, in addition to usual care. The study population consists of  patients with 
depressive disorder, Hamilton Rating Scale for Depression (HRSD) ≥ 14, recruited from 
specialised mental health care. The experimental group receives the exercise intervention 
besides treatment as usual, the control group  receives treatment as usual. The intervention
program is a group-based, one hour session, two times a week for six months and of increa-
sing intensity. The control group only performs low intensive non-aerobic exercises. 
Measurements are performed at inclusion and at 3,6 and 12 months.
Primary outcome measure is reduction in depressive symptoms measured by the HRSD. 
Cardio-respiratory fitness is measured using a sub maximal cycling test, biometric information 
is gathered and blood samples are collected for metabolic parameters. Also, co-morbidity 
with pain, anxiety and personality traits is studied, as well as quality of life and cost-effecti-
veness.

Discussion
Exercise in depression can be used as a standalone or as an add-on intervention. In specia-
lised mental health care, chronic forms of depression, co-morbid anxiety or physical com-
plaints and treatment resistance are common. An add-on strategy therefore seems the best 
choice. This is the first  high quality large trial into the effectiveness of exercise as an add-on 
treatment for  depression in adult patients in specialised mental health care. 
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BACKGROUND
Depression is a common disorder. The lifetime prevalence of depressive disorders in Dutch 
adults is 19% [1]. Recurrence of symptoms occurs in an unfavourable and fluctuating course 
in 44% and a severe chronic course in 32% of the patients. Depressive disorders obviously 
have negative effects on wellbeing and daily personal and professional functioning.   

Antidepressants and psychotherapy
Treatment frequently includes prescription of antidepressants. However, the effectiveness 
of such treatment may be limited because of poor compliance and limited effectiveness. 
A recent analysis of data of the US Food and Drugs Administration, showed relatively small 
drug-placebo differences in antidepressant efficacy [2]. Other disadvantages of antidepres-
sants are unpleasant side effects and increased risk of hypertension in depressed patients 
combined with Diabetes Mellitus type II (DM II) [3, 4].

A systematic review of randomised controlled trials into effectiveness and cost-effectiveness
of brief psychological treatment for depression showed that some forms, especially cognitive-
behavioural based approaches, were beneficial in the treatment of outpatients [5]. A meta-
analysis, regarding a mostly adult population, found a favourable outcome for a combination 
of psychotherapy and pharmacotherapy compared to psychological treatment alone for de-
pression in the short-term [6]. A recent meta-analysis examined whether the quality of the 
studies investigating psychotherapy for adult depression was associated with the effect-size 
found in these studies [7]. It showed that the effects of psychotherapy for adult depression 
have been overestimated in meta-analytical studies. The authors stated that the effects of 
psychotherapy are much smaller than is assumed. 
The traditional treatment strategies, medication and psychotherapy, are still not ideal and 
a new intervention, exercise, focusing on a different psychopathological mechanism of 
depression is needed.

Exercise
Exercise is a potential alternative low-cost therapy, but more studies are needed to define 
the place of exercise in a stepped care program for depression [8]. Exercise is relatively safe 
and has less negative side effects than antidepressants. Obviously, exercise has also many 
beneficial effects on physical health [9, 10], and is expected to have additional advantages 
in depressed patients who suffer from a combination of mental and physical problems, such
as pain complaints or increased risk of cardiac  morbidity. Exercise is suitable for most in-
dividuals, participating in an exercise program promotes social integration and successful 
adaptation can increase self-esteem. Finally, exercise may reduce the negative side effects 
of antidepressants, such as fatigue, thus increasing compliance in medication use.

Scientific evidence for the efficacy of exercise
Recent reviews and meta-analyses suggest that exercise leads to improvements in depres-
sive symptoms [11, 12]. Following the cumulative evidence from prospective cohort studies 
and RCTs, exercise has proven protective benefits for several aspects of mental health in 
general and  for symptoms of depression in particular. However, study results on the curative 
effect on a present depression are conflicting. A recent Cochrane meta-analysis [13], updating 
an earlier systematic review in 2001 by Lawlor and Hopker [14], concluded that the statis-
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tically weak findings didn’t support the efficacy of exercise in the treatment of depression. 
Methodological weaknesses of the trials were identified, including the lack of treatment 
concealment, intention to treat analysis and a clinical interview to confirm the diagnosis of 
depression. 
Rethorst et al. [15] argue that the earlier mentioned meta-analysis of Lawlor and Hopker 
suffered from incomplete research data and a lack of moderating variable analysis. The meta-
analysis by Rethorst et al., with 58 RCTs included, calculated an overall effect size of -0.80 
for the effects of exercise on depression. The recommendation of both Lawlor et al. and 
Rethorst et al. is that further, conclusive research is still needed into the use of exercise for 
depression.  Exercise as an adjunct to recognised treatments, such as psychotherapy and/
or medication, should also be studied. Furthermore, follow-up research is needed that exa-
mines the sustainability of the effects after exercise therapy has ended. 
Very recently, Krogh et al. [16] performed a systematic review and meta-analysis in which 
only thirteen trials were selected because of the stringent selection criteria used (i.e. recor-
ding clinical depression according to any diagnostic system, adequate allocation concealment,
blinded outcome and intention to treat analysis). Besides an inverse association between 
duration of intervention and the magnitude of the association of exercise with depression, 
the effect size was 0.40 for the pooled effect sizes of thirteen studies and 0.19 for the selected 
three high quality design studies. The authors concluded that large high quality design 
studies are required. The recommendations from the three meta-analysis cited above are 
integrated in the design of the EFFORT-D study.

Besides reduction of depressive symptoms, exercise can be useful for other treatment in-
dications, such as cardiovascular condition, metabolic syndrome, pain modulation and the 
immune system. Depression is associated with cardiovascular disease. It is an established 
risk factor for mortality after acute myocardial infarction. A recent meta-analysis of cohort 
studies also shows the aetiological and prognostic effects of depression on coronary heart 
disease (CHD) [17]: the pooled relative risk of depression on future coronary heart disease 
was 1.80. Another meta-analysis shows an overall relative risk of dying in depressed subjects 
of 1.80 compared to non-depressed subjects, with no major differences between men and 
women [18]. The increased relative risk on mortality was also found in subclinical forms of 
depression.

These findings suggest that exercise may also be prescribed to improve the cardiovascular 
condition and prevent future heart disease. Depressed patients should also be more closely 
monitored regarding cardiovascular parameters. 
The body of evidence showing an association between depression and obesity and metabolic 
deregulation is growing. Recent meta-analysis of cross-sectional studies in the general 
population found a significant positive association between depression and obesity, affecting 
women more than men. A reciprocal risk relation between obesity and depression [19, 20], 
and an U-shaped, non-linear trend in the association between BMI and depression was found 
[21]. The Dutch NESDA study [22] shows an association between severity of depression and 
unfavourable cholesterol high-hdl/ low-ldl concentration [23]. This tendency for a higher 
risk of depression on metabolic syndrome, in which various cardiovascular risk factors ap-
pear, emphasizes the need of careful screening on this parameters [24], and exercise could 
positively influence these parameters.
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A recent meta-analysis of studies into cytokines in depressed patients [25] showed that 
depression and an activation of the immune-system do co-exist. Both tumornecrosisfactor-α 
(TNF-α) and interleukine-6-concentration (IL-6) were significantly raised and C-reactive 
protein (CRP) was linearly associated with several conventional risk factors and inflamma-
tory markers [26]. The relevance of CRP however still remains controversial [27]. Therefore, 
measurement of CRP blood levels in an intervention exercise study could contribute to a 
better understanding of  the clinical importance in relation to heart condition.   

The reciprocal relation between pain and depression has been reported in several studies 
where Major Depressive Disorder (MDD) was associated with chronic pain (> 6 months) and 
nearly 50% of patients had at least one chronic painful physical condition [28, 29]. 
The duration of depressive symptoms was found to be prolonged in the presence of chronic 
pain. The therapeutic prognosis of co-morbid pain and depression is poor and the pain-de-
pression association was found to be stronger in men than in women and in older adults 
compared to younger. Productivity was decreased when depression and pain existed in a 
co-morbid pattern [30].
 
Quality of life and cost-effectiveness
Systematic evaluation of cost-effectiveness and quality of life, including life-events in the 
treatment of depression, may contribute to the development of more evidence based care 
models [31], for instance by disease management.
A population sample study  showed that, in patients with a remitted MDD, the quality of life 
was lower than in the general population. A higher depressive severity was associated with 
a lower quality of life. Ten Doesschate et al. argue that, even in depression in remission, at-
tention is needed for the quality of life, and above that, residual symptoms must be treated 
aggressively to achieve a higher quality of life [32]. 

Summarized aims and hypothesis of EFFORT-D
The main objective of the study is to assess the effectiveness of exercise therapy (running 
therapy (RT) or Nordic walking (NW)), in addition to usual care, on depression in adult 
patients. We hypothesize that adding exercise therapy to usual care will result in a larger 
reduction in depressive symptoms (as measured with the Hamilton Rating Scale of Depres-
sion, (HRSD)) during a six month treatment program as well as at six months follow-up, 
compared to usual care without exercise therapy.
Secondary aims are to assess the effectiveness of exercise therapy (RT or NW) on the follo-
wing outcome measures: 1) Cardiovascular and metabolic risk parameters as fitness (VO2 
max, grip strength), BMI, waist circumference, body composition, blood pressure, fasting 
blood glucose, cholesterol HDL/LDL ratio and CRP,  2) Co-morbid symptoms of anxiety and 
pain  3) Quality of life, and 4) Cost-effectiveness.
To assess whether there are subgroups of patients who show a larger or less effect of exercise 
therapy on depression, subgroup analysis will be conducted differentiated on demographic 
variables (age, sex) and level and type of depression based on the HRSD, personality traits 
and level of fitness.
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METHODS/DESIGN
EFFORT-D is a randomized controlled trial, designed along the Consort-statement guidelines 
[33], in which outpatients as well as hospitalised depressed patients will be included and 
randomized in two groups: a control group or an intervention group (see flow chart in 
Figure 2.I). The control group outpatients receive usual care (i.e. anti-depressive medicati-
on and/or cognitive and/or interpersonal therapy). The control group inpatients have their 
usual treatment program (consisting of pharmacotherapy and/or sociotherapy, psychothe-
rapy, psycho-education and indicated nonverbal therapies) and are allowed to exercise at 
low intensity as part of their daily program.
The intervention group receives six months supervised exercise therapy for one hour a 
week and is instructed to train unsupervised for one hour a week during this period (com-
bined about 40 exercise sessions during the intervention period). Both training sessions 
follow an individualised intervention protocol and are in addition to the usual care pro-
gram.

Included and randomised patients in the intervention group are invited to take part in Run-
ning Therapy (RT). Patients will only be referred to Nordic Walking (NW) in case of clear 
medical contra-indications against RT, such as muscular-skeleton problems, or if patients 
have a strong dislike for running which obstructs participation and compliance. The study 
will run for 27 months, with an 18 months inclusion period during which patients are 
recruited and randomized. There are four measurements for each patient: at baseline (T0), 
halfway the six month intervention period (T3), at the end of the intervention period (T6), 
and at follow up, 12 months after baseline (T12). In Table 2.I the timetable is shown.
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Psychiatrist diagnosis of depression
In -or-outpatients

Screening by
research-assistant
Check inclusion/
exclusion criteria

HRSD≥14

Biometric values = BV
Cycle test = CT

Electronic Questionnary = EQ
Blood samples = BS

Blinded randomisation
by random envelopes

Control Group
Treatment as usual

Psychotherapy
Medication

Lifestyle
psychoeducation

Intervention Group
Treatment as usual

Psychotherapy
Medication

Lifestyle
psychoeducation

+
20 sessions 1 hr. RT/NW supervised
20 sessions 1 hr. RT/NW individually

HR freq. Polar

Informed consent
+

Inclusion in EFF-D

T= 0

T = 3 BV,CT,EQ

T = 6 BV,CT,EQ,BS

T = 12 BV,CT,EQ
End of

Intervention period

Figure 2.1 Flow Chart
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     Intervention 

period 
Follow-up 

period 

Procedure Source Person No. of 
items 

Duration 
(min.) 

T0 T3 T6 T12 

Written informed 
consent 

letter patient   X    

Demographics1 patient file research assistant   X    
         
Depression         

Depression history2 patient file research assistant 2  X    
HRSD3 interview blind rater 17 20 X X X X 
IDS-SR4 questionnaire patient 30 10 X X X X 

      Bearableness (VAS) Questionnaire Patient 1  X X X X 
         
Metabolic syndrome         

Length physical test research assistant  1 X    
Weight physical test research assistant  1 X X X X 
Waist circumference physical test research assistant  1 X X X X 
Blood pressure physical test research assistant  1 X X X X 
Smoking/alchohol intake questionnaire patient  1 X X X X 
Laboratory assesment6 physical test laboratory  2 X X X X 

         
Quality of Life         

WHO-DAS7 questionnaire patient 36  X X X X 
         
Pain         
      GCPS8 questionnaire patient 7  X X X X 

Bearableness (VAS) questionnaire patient 1  X X X X 
         
Anxiety         

BAI9 questionnaire patient 21  X X X X 
         
Cost effectiveness         
      TIC-P10 quest./pnt file pnt/research assistant  26 X  X X 
      Euroqol questionnaire patient  5 X  X X 
      Subjective health (VAS) questionnaire patient  1 X  X X 
         
Fitness         

Submaximal cycle test physical test research assistant  10 X X X X 
Grip strength physical test research assistant  2 X X X X 

      Exercise intensity (HR)11 physical test exercise instructor   during training sessions 
         
Personality         

NEO PI-R12 questionnaire patient 60  X    
         
Physical activity         
      SQUASH13 questionnaire patient 12  X X X X 
         
Additional Measures         

LEQ14 questionnaire patient 12  X X X X 
      Compliance registration exercise instructor   during training sessions 
      POMS15 questionnaire patient 32  during training sessions 
      Evaluation Intervention16 Questionnaire Patient     X  
 
1: Date of birth, sex, education, ethnicity, income, 
professional 
    status, living situation, marital status 
2: Number and duration of former episodes, duration 
current episode 
3: Hamilton Rating Scale of Depression (or HAMD) 
4: Inventory of Depressive Symptomatology – Self 
Report 
6: fasting glucose, triglycerides, total cholesterol, HDL- 
    cholesterol, cholesterol/HDL-ratio, creatinine,MDRD  
7: World Health Organisation- Disability Assessment 
Schedule 

8: Graded Chronic Pain Scale 
9:   Beck Anxiety Inventory 
10: Trimbos/iMTA questionnaire for Costs associated 
      with Psychiatric Illness 
11: Polar RS 800 CX Run 
12: Revised NEO Personality Inventory 
13: Short QUestionnaire to ASses Health enhancing 
physical activity 
14: Life Events Questionnaire 
15: Profile of Mood State 
16: Only for patients who participated in the intervention

 

Table 2.1 Events and time table
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Study Population
The study population consists of adult patients diagnosed by a clinician with a depression 
or bipolar disorder with depressive mood, who are or will be treated in GGZ Centraal Mental 
Hospitals or Symfora-Meander Hospital. Patients aged between 18-65, with a DSM-IV diag-
noses of unipolar, bipolar depression or seasonal depression not responding to light therapy 
(10 sessions of 1 hour), a baseline Hamilton Rating Scale of Depression (HRSD) score ≥14 
and (will be) treated for depression, are included.
Criteria for exclusion are: a depression as part of a psychotic disorder, schizophrenia, schizo-
affective disorder or obsessive compulsive disorder, anxiety disorder as primary diagnosis, 
patients in long stay facilities (including day-care) or with complex pathology and treatment 
resistant depression (inpatients, treated by protocol more than 6 months with no remission); 
patients with significant cardiovascular disease or other medical conditions as contra-indi-
cation for exercise therapy, walking and/or running such as joint and hip pathology; alcohol/
drugs dependence as a primary diagnosis, pregnancy, high suicide risk with treatment on 
a closed ward, or already being physically active on a regular basis (2-3 times a week on a 
high-intensity).

Sample size
Following earlier RCTs [34] it is expected that patients in the usual care group (controls) 
will respond with a mean reduction in HRSD of six points. Adding exercise to usual care is 
expected to result in a decline of at least eight points in HRSD score (thus two extra points). 
To detect this difference, with an α (two-tailed) of 5% and a power (1-β) of 80%, using two 
equal groups and a standard deviation of 5 points, 100 patients are needed in each group. 
Taking 30% drop-out into account, 140 patients have to be included in each group.

Procedures and study instruments
Names of eligible patients with their registration number of the electronic patient file (EPD) 
are provided by the diagnosing psychiatrists to the research assistant, who will make a first 
check on inclusion and exclusion criteria, informs the participants and asks them to join the 
study.  Written informed consent will be obtained according to prevailing legal requirements 
before the start of the study. Eligible patients, HDRS ≥ 14 as primary outcome measure,  per-
form the Åstrand submaximal cycling test, physical measures and fill out the questionnaire, 
after which the participants are randomized. All outcome parameters measured during 
baseline will be repeated three, six and twelve months after baseline, except for the blood 
samples (only at T0 and T6). Height is measured according to protocol (Seca 214, Hamburg, 
Germany) and a bio-impedance scale is used to measure weight and body composition 
(Omron HBF-510, Omron Healthcare Europe BV, The Netherlands). Waist circumference is 
measured twice with a tape measure (Seca 201, Hamburg, Germany) at the midpoint between 
the lower border of the ribs and the upper border of the pelvis. Systolic and diastolic blood 
pressure are registered twice at rest, using an electronic blood pressure meter (Omron M6 
comfort, Omron Healthcare Europe BV, The Netherlands) with an adequate cuff size. 
Grip-strength is tested according to protocol using a hydraulic hand dynamometer (Jamar 
J00105, Sammons Preston Rolyan, Bolingbrook, USA). The submaximal Åstrand test [35] will 
be performed on a stationary bicycle ergometer (Examiner, Lode BV, The Netherlands) and 
the mean heart rate of the last two minutes of the test will be used to estimate the VO2max. 
Heart rate during this test is registered by a heart rate monitor (Polar RS 800, Electro Oy, 
Finland). 
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Questionnaires
At each measurement moment the participant will be asked to fill out a digital questionnaire 
containing the following instruments: 

Demographics and personal life events 
Socio-demographic data are collected using standard questions on age, sex, marital status, 
ethnicity and household composition. Socio-economic variables include highest education 
and income. Personal history is evaluated by the Life Events Questionnaire (LEQ), a 12-item 
inventory-type questionnaire in which subjects mark the exposure to negative life events 
such as unemployment, separation from a partner and death of a close family member which 
have occurred in the past year [36].

Mental and physical health and its consequences
The Hamilton Rating Scale of Depression (HRSD) measures depression with a 17-item list 
performed by trained interviewers [37]., using the Dutch translation of the version of Bech 
et al [38], in which the items of depressive symptoms are extensively operationalised and 
this version is often used in international research[39].
The Inventory of Depressive Symptomatology - Self-Reported (IDS-SR) measures the seve-
rity of depression with a 30-item self-report list[40]. It has good responsiveness to change 
and is more sensitive for atypical depressive criteria than the HRSD.  History of depression 
is evaluated by a single question into the number and duration of depressive episodes for 
which treatment was necessary.
Bearableness of depression is measured with a visual analogue scale (VAS) ranging from 0 
(very unbearable) to 100 (very well bearable). Anxiety is measured by the Beck Anxiety 
Inventory (BAI), a 21-item multiple-choice self report inventory that measures the severity 
of generalized anxiety and panic symptoms in adults and adolescents [41]. 

Pain complaints are evaluated with the Graded Chronic Pain Scale (GCPS) [42], a 7-item scale 
measuring aspects of pain, physical ability and social interference, resulting in a 5-class hier-
archical scale ranging from 0 (no pain problem) to IV (high disability/severely limiting). 
Next to the GCPS, bearableness of pain is evaluated with a VAS-scale ranging from 0 (very 
unbearable) to 100 (very well bearable).
Other secondary outcomes are disability during the last 30-days associated with both physical 
and mental problems and is measured by a shortened version of the World Health Organi-
sation - Disability Assessment Schedule II (WHO-DAS-II) [43], resulting in a disability score 
ranging from 0-100 with a higher score reflecting greater disability. Quality of life data are 
collected using the EQ5D [44], a standardized instrument for describing and valuing health 
related quality of life. 
Subjective health is evaluated by a visual analogue scale ranging from 0 (the worst imaginable 
health condition) to 100 (the best imaginable health condition).
Health care use and work productivity are evaluated by the Trimbos/iMTA Questionnaire 
for Costs associated with Psychiatric Illness (TIC-P), a 29-item list which focuses on establi-
shing costs related to loss of productivity at work and health care utilization [45]. 
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Variables expected to modify the effect of the intervention
Personality, as a possible effect modifier, is measured at baseline by the NEO-PI-R, a 60-item 
validated questionnaire measuring the five domains of personality including neuroticism, 
extraversion, agreeableness, conscientiousness and openness to experience [46].

Confounders: Lifestyle behaviour                                                                                                                          
Self-reported level of physical activity is assessed by means of the validated Short QUestion-
naire to ASsess Health enhancing physical activity (SQUASH), a 12-item questionnaire which 
evaluates the frequency and duration of physical activities in the domains of work, domestic 
and leisure time [47]. Tobacco and alcohol intake is measured with a standard single question 
on the frequency of use per day.

Additional measures in the intervention group
The Profile of Mood States (POMS) registers participants’ mood after a running session for in 
total three times during the intervention period (at the beginning, halfway and at the end). 
The Dutch shortened version of the POMS [48] consists of 32 items divided over seven sub-
scales including tension, depression, anger, fatigue, vigour, positive and negative affect. 
At regular intervals participants score their exertion on a Borg-scale ranging from 6 (very, 
very light) to 20 (very, very severe) [49]. At the end of the intervention period, or when 
participants dropped out of the RT or NW therapy, a short questionnaire is administered 
evaluating their satisfaction and experience with the intervention.
 
Randomisation, blinding and treatment allocation
Randomisation takes place at every location separately. This way, every location will have an
equal distribution of participants between the intervention and control group. The SPSS 
random generator (SPSS version 14.0) [50] will be used to allocate patients. Ten closed 
envelopes with allocation numbers are presented to the participants. They choose an enve-
lope, after which the research assistant tells the patients in which arm of the study they are 
included. Evaluators of the main outcome measure (HRSD) are blinded for group allocation 
and are trained regularly for inter-rater reliability. All other measures will be evaluated by 
a research assistant, who is not blinded for group allocation.

Exercise intervention
The exercise sessions will take place twice a week (40 sessions in total): once a week a super-
vised group session is offered and once a week the patient does an individual training, with 
clear instructions beforehand and an evaluation at the beginning of the next supervised 
session. Each supervised session, in which the trainers are working according to a standar-
dized protocol,  lasts one hour, of which 30 minutes are spent running (RT)/Nordic walking 
(NW). The remaining time is spent on warming-up and cooling-down. Each patient follows 
an individualised intervention protocol with a gradually increasing training intensity. 
The goal is to achieve a 30 minute period of continuous running in the last sessions (two 
times a week 30 minutes continuous aerobic exercise at at least 60% of the maximal heart 
rate). The NW program follows a comparable progressive schedule with increased time spent 
Nordic walking with high intensity. 
Intensity in RT as in NW is monitored by the instructor during every supervised session by 
counting the heart rate and three times during the intervention period by electronic registra-
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tion (Polar RS 400, Electro Oy, Finland). The control group receives usual care for depression 
in accordance with the revised Dutch guideline [51] and are advised to exercise regularly. 
Hospitalised and day-care patients in the control group are supposed not to participate in 
organised high intensity aerobic exercise during the intervention period. Only low-intensity 
activity psycho-motor therapy is allowed.

Compliance and withdrawal
In order to improve compliance during the intervention period, a protocol will be followed 
concerning missed exercise therapy sessions by participants. This protocol includes: 1) active 
approach by the exercise instructor in case of no show, and 2) encouragement of other parti-
cipants to contact each other in case of no show. Participants can withdraw at any time for 
any reason without any consequences. Also, the investigator can decide to withdraw a parti-
cipant from the study for urgent medical reasons. Participants who withdraw from the 
intervention will be asked the reason(s) for drop-out but will be retained in the study for  
the intention to treat analysis.

Statistical analyses
Comparability of the intervention and control groups will be examined for the baseline 
measurements. If necessary, analyses will be adjusted for baseline differences. The primary 
analysis of the data set will be according to the ‘intention to treat’ principle. A secondary 
‘per protocol’ analysis will be done taking into account the level of compliance and the amount 
of exercise during the intervention period. Usual daily physical activity, tobacco smoking and 
alcohol intake will be treated as confounders.
Differences in remission rates (and other categorical outcomes) between the experimental 
groups are examined by contingency table Chi-square statistics. Differences in mean scores 
on continuous outcomes (e.g. HRSD) between the intervention groups are examined by 
analysis-of-variance.
 
Ethical principles and safety
The study has been designed and will be carried out in accordance with the principles of the 
Helsinki Declaration (Edinburgh, Scotland Amendment, October 2000). The study protocol 
has been approved by the Medical ethical committee for mental health (Metigg Kamer Noord). 

DISCUSSION
The aim of this study is to investigate the effectiveness of aerobic exercise therapy (RT or NW) 
on depression in adult patients in addition to usual care. Also, the effect of physical exercise 
on frequently existing co-morbid diseases or risk factors for such disorders as metabolic 
syndrome is an objective of this study.
This is the first well conducted add-on randomised controlled high-quality trial into the effect
of aerobic exercise on depression with a correct randomisation procedure, blinded outcome 
assessment, intention to treat analysis, study into cost-effectiveness, quality of life and long-
term follow-up as was advised in earlier publications.  EFFORT-D can therefore contribute to 
stronger evidence for this type of intervention, which can result in more specified recom-
mendations for clinical practice. Another strength of this study is the fact that also severely 
clinically depressed patients, who are mostly excluded in other studies, will be included. A 
relatively greater effect of exercise in this subgroup of severely depressed  patients is pos-



                     30 Physical Activity in Clinical Psychiatry Physical Activity in Clinical Psychiatry                     31

Effect of Running Therapy on Depression (EFFORT-D)    Chapter 2 
   Design of a randomised controlled trial in adult patients [ ISRCTN 1894 ]

sible. A challenge of the study lies in the motivational techniques needed to exercise with 
depressed patients, which is proven to be difficult [52] and it will take a serious effort not 
to exceed the calculated 30% drop-out patients in the intervention group. Because this study 
is supported by a strong hypothesis and minimal negative side effects are expected, one-tailed
statistical analysis is also possible if the large number of included participants can’t be 
reached within the planned time. Furthermore, the diversity of outcome measures makes 
it possible to distinguish more explicitly those depressed patients that could  benefit most 
from exercise.
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ABSTRACT  

Background
Exercise is currently seen as an effective treatment for major depressive disorder (MDD).
However, existing studies have focused mainly on mild to moderate depression. The moderate 
positive effect of exercise found in meta-analyses concerning these studies, differs, however 
from the harsh daily clinical practice, when trying to implement exercise as an adjunctive 
treatment. We aimed to evaluate the feasibility of aerobic exercise in MDD and identify future 
problems for implementation.

Methods
The EFFect Of Running Therapy on Depression (EFFORT-D) study was a randomized clinical 
trial examining the effectiveness of running therapy or Nordic walking in inpatients and 
outpatients with MDD. We conducted a process evaluation based on the method of Linnan 
and Steckler. Participant inclusion, dropout and no show were registered qualitatively and 
quantitatively. 

Results
The inclusion and delivered dose of the exercise interventions were limited (60% and 75%, 
respectively), leading to 80% less inclusion than foreseen. Motivational doubts were the main
reason not to participate in the study. The unexpected high dropout rates (40% after three 
months and 80% after twelve months) were frequently related to lack of motivation due to 
disease characteristics and severity. The duration of the intervention, longer than three months 
was another underlying factor for poor adherence.

Conclusions
Depression severity appeared to be the key factor determining dropout, followed by the 
duration of exercise intervention, expressed by a pre- and post-inclusion lack of motivation. 
Both running therapy and Nordic walking were apparently unsuitable for most patients with 
MDD in the current format. Emphasis on motivational issues is necessary from the early start 
of the intervention in these patients with MDD. Also a tailored and stepped-care approach 
is advised for future implementation.

Trial Registration
The  randomized controlled trial protocol of EFFORT-D was approved by the Medical Ethical 
Committee for Mental Health (Metigg Kamer Noord), CCMO (Central Committee on Research 
Involving Human Subjects) protocol number: NL.26169.097.08. Registration in the Nether-
lands Trial Register (NTR): NTR1894 on July 2, 2009.
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BACKGROUND
Major depressive disorder (MDD) has huge effects on wellbeing and daily personal and pro-
fessional functioning. It is the second leading cause of disease burden based on years lived 
with disability [1], and the loss of daily-adjusted life years is considerable [2]. Depressive 
symptoms are common in various populations [3]. Recurrence of symptoms of MDD occurs 
in an unfavourable but fluctuating course in 44% of the patients and a severe chronic course 
in 12-32% of the patients [4, 5]. Pharmacotherapy and psychotherapy, i.e. cognitive behavior 
therapy and interpersonal therapy, are the mainstays of treatment [6,7]. Effective use of 
antidepressant medication is often compromised by side effects, while both the availability 
of trained therapists and lack of motivation on the part of patients may limit the utility of 
antidepressant psychotherapy [8]. Although for instance cognitive therapy treatment has a 
positive effect, about 50% of the patients relapse after 2 years with an estimated 80% relapse 
after 5 years [9]. Meta-analysis of standard MDD treatment showed a clinically and statisti-
cally heterogeneous outcome of treatment as usual: about 30% of the patients remitted from 
depression, but depressive symptoms also worsened in 12% [10]. 
Exercise is currently seen as a promising alternative to pharmacotherapy and psychotherapy, 
because it has low costs and few side effects, and is also considered safe for most patients. 
Previous research showed that a low level of physical activity is highly prevalent in indivi-
duals with depression [11] and that exercise has a positive effect on physical health in such 
a population [12-14]. Physical activity also has additional advantages in the large group of 
patients that suffer from a combination of mental and physical problems, such as depression 
and diabetes, in which prevention of metabolic syndrome by enhancing physical activity is 
vital [15, 16]. 

Using exercise therapy as (part of the) regular treatment for MDD seems therefore a logical 
consequence. However, studies focussing on exercise therapy as (part of the) treatment for 
depression usually involved patients with mild to moderate depression. These patients were 
mostly recruited through public announcements, and attracted participants who are diffe-
rent from the population with MDD that is hospitalised in recognized mental health care 
institutions. Of the 28 studies selected by Mead et al. in their Cochrane review on exercise 
and depression [17], only two were Randomized Controlled Trials (RCTs) that included adult 
inpatients [18, 19]. In a follow-up Cochrane review of Cooney et al. [20], only seven of 39 
studies recruited participants from clinical populations, i.e. hospital inpatients or outpatients 
referred by a general practitioner (GP). The studies included in the latter review, that reported 
positive effects on quality of life and symptom severity in severely depressed inpatients, were 
all short-term studies.

One of the few studies into severe MDD inpatients, which was not included in the aforemen-
tioned Cochrane reviews, had an add-on design with besides exercise, treatment as usual 
consisting of pharmacotherapy and/or electroconvulsive therapy [20]. Although this study 
lasted only two weeks, it showed a significant effect on depressive symptoms as well as 
physical and psychological domains of quality of life, however 50% of the eligible patients 
were not motivated to participate. The eight trials with a longer follow-up in the Cochrane 
review of Cooney et al., using an intervention time between 10-16 weeks and follow-up 
measurements with a maximum of 10 months, showed only a moderate effect on depression 
with a pooled standardized mean difference (SMD) of -0.33 [21]. This is in line with the review 
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of Krogh et al. studying RCTs in adults with a clinical depression [22]. That review showed 
a significant SMD of -0.40 in 13 trials, with an inverse relationship between duration of the 
intervention and the magnitude of the association between exercise and depression. Also, a 
pooled analysis of five trials with a long-term follow-up (9-26 months), suggested no long-
term benefit (SMD -0,01). Consequently, when implementing exercise in for instance a 
guideline for treatment of MDD,  a diminishing effect of exercise in the long run should be 
considered.  

Limited evidence is found that short term interventions are as effective as long term inter-
ventions in MDD [23]. The latest review in this field advised moderate exercise to be suitable 
as part of a multidimensional approach [24]. A limitation of existing studies is that bias must 
be considered regarding inadequate blinding of participants and observers. When studies 
with adequate allocation concealment, intention-to-treat-analysis and blinded outcome 
assessment were analysed, the pooled SMD (-0.18) for the primary outcome of depression 
scores was small and no longer significant [17, 21, 25]. 
An important aspect of MDD is the unpredictable duration of a depressive period. In an epi-
demiological cohort study half of those with MDD and a minor depressive episode recovered 
within 6 months with standard treatment, wherein only a short period without treatment 
seemed however defensible. Treatment was urgently advised for those with greatest need, a 
lower functioning at onset and experiencing comorbidity [5]. However, it is unknown how 
long an intervention should take. The abovementioned controversy between moderate 
positive results from meta-analyses and treatment of severe (inpatient) MDD in the harsh 
clinical daily practice still exists, leaving clinicians and patients uncertain about the optimal 
use of exercise as a part of their treatment. As a result, more high-quality research into the 
relationship between MDD and exercise as a (add-on) treatment was needed. 

The EFFect Of Running Therapy on Depression (EFFORT-D) study, which has been described 
in a previous publication, was both aimed at severe (inpatient) MDD and a long-term exercise
intervention in an add-on RCT design [26]. During the EFFORT-D study, which was carried 
out between 2012 and 2015, both an effect evaluation (results to be published) and a process 
evaluation were conducted. The process evaluation enabled us to determine influencing 
factors to the outcome results in different phases and identify topics for future research, such 
as implementation strategies in clinical practice and advices for depressive patients. To our 
knowledge, only few process evaluation studies in this field have been published [27-29]. 
The importance of a process evaluation has been demonstrated by Linnan and Steckler [30]. 
Although their examples focused on preventive population interventions, their framework  
can also be applied to our study focusing on curative interventions for patients. Therefore, 
the aim of this process evaluation was to gain insight into the context, reach and dose of the 
exercise intervention of the EFFORT-D  study.

METHODS

EFFORT-D study
Aim
The main objective of the EFFORT-D study was to assess the effectiveness of exercise therapy
(running therapy (RT) or Nordic walking (NW)), in addition to usual care, on MDD in adult 
(in) patients. We hypothesized that adding exercise therapy to usual care would result in a 
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larger reduction in depressive symptoms (as measured with the Hamilton Rating Scale of 
Depression (HAM-D17)), during a 6-month treatment program as well as at 6 months follow-
up, compared to usual care without exercise therapy.     
                                                                                                                                                      
Design
EFFORD-D was an observer-blinded randomised controlled parallel trial conducted in three 
Dutch mental health care hospitals between December 2012 and January 2015. Participants
 were randomly assigned to six months of RT or NW twice a week in addition to their treat-
ment as usual. Both groups were followed during one year with measurements at inclusion 
(T0), 3 months (T3), 6 months (T6) and a final after 12 months (T12).
It was expected that patients in the usual care group (control group) would respond with a 
mean reduction in HAM-D17 of six points, because they were all following the standard MDD 
treatment protocol. Adding exercise to usual care (intervention group) was expected to result 
in a decline of at least eight points on the HAM-D17

 score. To detect this difference, with an 
α (two-tailed) of 5% and a power (1-β) of 80%, using two equal groups and a standard 
deviation of 5 points, 100 patients were needed in each group. Taking 30% drop-out into 
account, 140 patients had to be included in each group.
Because EFFORT-D focussed on patients with MDD, an add-on design with exercise was 
indicated due to ethical considerations: no active treatment at all versus exercise was no 
option due to the nature, type and severity of the participant’s MDD. 

Participants
The study was performed in three regions of a large specialized mental health care institution. 
Included patients were either inpatients, day-hospital patients or outpatients referred by 
specialised mental health care such as emergency services (in- and day-hospital patients) 
and Dutch general practitioners (GPs) for outpatients.
The study population of EFFORT-D consisted of patients with MDD with a Hamilton depres-
sion scale (HAM-D17) score ≥14, indicating at least a moderate depression at the time of 
inclusion. Because the GPs already had started with the depression protocol several months 
before the start of this study, the depressive symptoms of these outpatients were usually in 
partial remission.

Measurements and procedure
The control group received treatment as usual, which consisted of pharmacotherapy, sup-
portive psychotherapy and daily activation for the hospitalized participants or those in day-
treatment, and pharmacotherapy and cognitive therapy for the outpatients. The experimental 
group received an exercise intervention in addition to treatment as usual. This consisted of 
a group-based Running Therapy (RT) or Nordic Walking (NW) session of one hour, twice a 
week for the duration of six months, with increasing intensity following a training protocol 
with the possibility for individual adaptations. The control group was only allowed to practice 
low intensity, non-aerobic exercises. Participants were monitored closely: no shows and 
dropouts were registered including the  arguments of the participant. Participants were fol-
lowed up using the Hamilton Depression Scale (HAM-D17) scores, the Åstrand submaximal 
cycling test and questionnaires at 3, 6 and 12 months (T3, T6 and T12, respectively). 
All participants gave their informed consent for participation in the study.
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Methodological framework of this process evaluation
In their model, Linnan and Steckler mentioned several factors that are important in a process 
evaluation [30]. In the current process evaluation, we used the factors context, reach and 
dose from their model, because these were assumed to be the most suitable to evaluate our 
intervention study:
• Context refers to aspects of the larger social, political and economic environment that may 
   influence the intervention. 
• Reach describes the proportion of the intended population that participates in the inter  
   vention or study. 
• Dose, which consists of dose delivered and dose received, measures the intended inter  
   vention and the extent to which participants adhere to it. 

Furthermore, the exercise trainers and the research assistant were asked by a questionnaire 
to answer nine open questions for evaluation purposes. These questions were based on the 
context, reach and dose factors as defined by Linnan and Steckler, along with two general 
evaluative questions. Answers were received by email and summarized by the first author.

RESULTS

Context
Much less than the required 200 subjects (100 in both the intervention and control group) 
were included. The financial crisis and the associated changes in the Dutch mental health-
care system had a major - and unexpected - impact on the social, political and economic 
environment in which this study took place. As a result, the recruitment of patients was 
restrained. Regarding the inclusion sites, 17% of the participants were initially assigned to 
a locked emergency ward. After stabilization and reduction of suicide risk, they continued 
their stay voluntarily in an open crisis ward. They were invited to participate in the study 
after a clinician indicated that they could give informed consent; they often continued their 
treatment in a day hospital followed by an outpatient program. The other inclusion sites were 
day hospitals as a start of the treatment and outpatient clinics. Finally, 45% of the included 
participants were treated MDD inpatients or were day-hospitalized.

Reach
Due to the abovementioned developments at the start of the study, the reach was severely 
reduced. An important contextual reason for reduced inclusion was the exclusion of three 
of the original five study locations. Budgetary cuts and strategic decisions about the affective 
disorders program were underling arguments. The previously estimated reach in the popu-
lation was approximately 3500 patients in a program for depressive disorders and about 
500 patients from emergency wards. With the loss of three locations, the reach was reduced 
to approximately 1200 patients in a program and about 200 patients from emergency wards, 
which caused a decrease of approximately 60% potentially to reach. Table 3.1 shows the 
demographic characteristics of the included participants.  



                     40 Physical Activity in Clinical Psychiatry Physical Activity in Clinical Psychiatry                     41

EFFORT-D study process evaluation: Challenges in conducting a trial into 
the effects of running therapy in patients with major depressive disorder.

Chapter 3

Dose-related findings
In total 183 patients were screened for eligibility to participate within the 2-year time-frame 
of the EFFORT-D study. Ultimately only 48 participants could be included in the study, with 
25 participants in the intervention arm, instead of the required 100 participants in each group. 
The relatively high number of eligible participants that were excluded (n =135) was due to 
several causes. First, 20% of the patients referred by a GP were admitted to the affective 
disorder programs after completing the intake procedure, but by the time they were rated 
on the HAM-D17, their cut-off score was below 14, which made them ineligible to participate. 
Their HAM-D17 score was probably higher before referral to specialist care, but standard 
treatment was already initiated before the research assistant could make a screening appoint-
ment to measure the HAM-D17. Other causes for exclusion were other health problems 
during screening (14%), already exercising twice a week for at least 30 minutes (14%) and 
a contraindication for the intervention given by the primary treating psychiatrist (12%). 
The largest barrier to inclusion, however, resulted from the large proportion of patients 
(40%) who expected that they were not able to organize their daily life in such a way that 
they could participate in the exercise intervention twice a week. The program was too time 
consuming, they were too tired and, in their own opinion, were unable to invest in exercise 
and commitment to the study. These reasons were assumed to be associated with MDD 
symptoms as fatigue, loss of energy and initiative. The planned dose of exercise was finally 
delivered to 25 participants in the intervention group, of which 45% were inpatients of an 
emergency ward or were being treated in a day hospital. As expected, due to the severity of 
their depression, the average HAM-D17 score at inclusion for inpatient or day hospital parti-
cipants (25.7) was higher than for outpatients (20.5). The patient flow during all measure-
ments (T0, T3, T6 and T12) is presented in Figure 3.1. 

Table 3.1 Baseline demographic characteristics of the participants
PS: Primary School, SecS: Secondary school. LVE: Lower vocational, MVE: Medium vocational,
HS/HVE/acad: High school/Higher vocational/academic. * include Surinam, Aruba, Curacao and Iraq                                                            
M:married, S: single; D: Divorced

 

 N=48 
Age, years (SD) 41.6 (9.1) 
Female, % 62.5  
Education, % PS: 5; SecS:30; LVE/ MVE:28;  

HS/HVE/acad: 37 
Country of origin, % Netherlands: 79 

Turkey/Morocco: 8 
Other*: 13 

Civil status, % M: 55; S: 35; D: 10 
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Between allocation to the intervention group (T0) and the first follow-up measurement 
(T3), already 10 of the 25 participants (40%) dropped out. This drop-out increased to 56% 
at T6 and 80% at T12. In the non-intervention arm the same pattern was seen. For the 
drop-out reasons see figure 3.1. 

Evaluation of the nine-item questionnaire
We decided not to contact the participants at the end of the study for the process evaluation.
Participants who dropped out could not easily be contacted by the research assistant, and 
the small proportion of participants who reached the T12 evaluation (20%) in the interven-
tion arm could cause bias in favor of the RT and NW activities. The answers to nine open 
questions showed that the trainers (n=2) and the research assistant had positive attitudes 
about their role in the study. 

Figure 3.1 EFFORT-D Flow Diagram  
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However, they all reported that it was unexpectedly difficult to motivate the participants. 
The expectation of a positive effect of the RT and NW was still present, but trainers and 
research assistant developed a more realistic view on the feasibility of implementing RT and 
NW in these depressive patients. The many dropouts at every stage of the study compelled 
them to be cautious for any positive expectations. According to the exercise trainers (see 
questions described in table 3.2), the ‘ideal patient’ who can benefit from RT or NW is a 
female patient between 30 and 50 years old, who is native Dutch and has previous positive 
exercise experiences with running.

This positive exercise experience could have been a long time ago, but could be reactivated 
during the RT and/or NW intervention. For depressed inpatients who are not native Dutch, 
middle aged, male and with no exercise experience, a very modest form of walking without 
training goals was reported to be most feasible. According to the exercise trainers the inpa-
tients were serious about participating, but training two times a week according to the 
protocol was ultimately too difficult for these patients to maintain. Even when the program 
was adapted, without violating the protocol, whereby patients were coached individually 
and started with gradual walking exercises, the participants could not keep up participation. 
For outpatients, who had to travel to the intervention site, the intervention often was too time 
consuming. At the time the patients started the first series of training, their motivation to 
complete the intervention was considered high by the trainers and the research assistant, so 
during the intervention it appeared difficult to maintain their motivation. When asked to 
suggest improvements for the study, the trainers and research assistant referred to a shorter 
intervention period, with a suggested maximum of three months. The trainers indicated that 
this could have a positive effect on the inclusion because it will be easier to motivate the pa-
tients with a time horizon of 3 months, and at the same time the costs for trainers could be 
reduced. In addition, they suggested that a shorter travel distance to the intervention site 
could have a positive effect. 
Another constraint of this research, according to the trainers, was the winter weather in the 
Netherlands. To complete the exercise intervention, dry weather and moderate temperatures 
were seen as ideal. Indoor training was not preferred, because the ideal training environment 
for RT or NW is in the woods or at the countryside, but indoor facilities are necessary for the 

 

 

 

 

Context related questions: 
 
 

- What aspects went well during the study? 
- What would have been the ideal environment for the study? 

Reach related questions: 
 
 
 

- Did the participation in the study meet your expectations? 
- Describe the profile of a patient suffering from depression who     
improves with exercise 
- Describe the profile of a patient for whom exercise will have little effect. 

Dose related questions: 
 
 

- Estimate the percentage of participants in the intervention arm that 
completed the intervention. 
- Did the participation in the study meet your expectations? 

General questions about  
Context, Reach and Dose 
 
 
 

- What needs improvement? What advice can you give to other researchers 
studying exercise in depressive patients in the future? 
- Did your opinion about the importance of exercise in  
depressive patients change? 

 
Table 3.2 Evaluation questionnaire for exercise trainers and the research assistant
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continuity of the activities. In this study enduring wintry conditions caused too much dis-
continuity in the trainings scheme. When asked to estimate the percentage of participants 
that would complete the intervention, provided that the first sessions were finished, the 
trainers indicated 70%, while the research assistant indicated only 30%. To prevent potential 
demotivation of the research assistant, he was intensively coached by the project leader 
during the rest of the study. Furthermore, the trainers and research assistant both indicated 
that communication between them was lacking at several times during the intervention 
period. The fact that one exercise site was in another region as the research centre was an 
important causal factor. 

DISCUSSION 
This process evaluation showed that economic conditions had an important negative influence 
on the implementation of the EFFORT-D study. A severely reduced reach, combined with a 
large loss of dose delivered was shown. Once included in the intervention group,  it turned 
out to be very difficult to motivate patients with MDD to participate in the aerobic exercise 
therapy and the long-term measurements. The duration of the intervention seemed to be 
too long according to the evaluative questionnaire. During this study the research team faced 
substantial challenges in several areas. An unexpected high proportion (almost three quar-
ters) of the eligible participants was excluded before randomization. As a result, only about 
one fifth of the intended number of patients could be included in this study. Also, contextual 
difficulties, due to an organisational merger and an economic driven reorganisation, reduced 
the reach and the number of available patients in the research population. Forty percent of 
the eligible participants reported that they were unable to incorporate the exercise program 
in their daily lives. They argued that they were too tired and the required investment in time 
was too high. This can be interpreted as a lack of motivation and it seems to form a structural 
problem for implementation of exercise in MDD. This motivational issue was also found to 
be a perceived barrier to exercise in another qualitative study [27]. Patients in that study 
were screened for preferences of exercise as a treatment for depression. They reported mood 
problems, tiredness and lack of motivation as the biggest barriers for exercise in both men 
and women. In another systematic review on motivating factors and barriers towards exer-
cise, mood problems and stress were also identified as major barriers for engaging in exercise 
during severe mental illness [31]. Comparable trials in MDD inpatients or severe depressed 
outpatients who were referred by GPs or psychiatrists, also show 25%-50% of the eligible 
participants that refuse to participate. This may be an indication that severity of depression 
might be the underlying factor for refusal [20, 32]. However, severity of depression seemed 
not to be an important factor of non-adherence to exercise in a pooled analysis from two 
clinical trials [33]. This result could be explained by the fact that a population with mild to 
moderate depression was included in these trials. Finally, in 20% of the outpatients referred 
by a GP in our study, depressive symptoms fell below the required threshold for inclusion 
during the intake-procedure. This was possibly due to the mechanism of spontaneous reco-
very [34] or was a result of treatment that was already started by the GP. The fact that the 
dropout rate in both arms of our study was comparable could indicate that the intervention 
itself was not the main cause of the high dropout. It might also mean that strain of the follow-
up testing was too high for these severely depressed participants. This was, however, not 
confirmed by the evaluative questions answered by the exercise leaders and research assis-
tant. The follow-up arguments for quitting the study showed that participating in the early 
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stages of the intervention did not provide enough incentive to remain on board. These kinds 
of motivational problems are also described in patients with affective disorders such as MDD, 
bipolar disorder [35] and with schizophrenia [36]. 

The concept of ‘autonomous motivation’ to exercise, meaning an intrinsic motivation and an 
identification with the benefits of a healthy lifestyle, seems to play a vital role in maintaining 
involvement in the exercise program. Somewhat hopeful here is the fact that 14% of our 
eligible participants were excluded because they already trained twice a week for 30 minutes. 
Possibly the use of a depression guideline of the GPs explains this effect, because it recom-
mends prescribing exercise for mild to moderate depression. It seems that the EFFORT-D 
intervention and study design in its current form does not seem to be feasible in these MDD 
patients, certainly not for hospitalized inpatients. So, regarding implementation of exercise 
programs in the treatment of MDD, motivational themes need a lot of attention throughout 
the program. This is very important, because people with severe psychiatric disorders, such 
as MDD, are at higher risk for chronic physical conditions [37-39] and tend to be very seden-
tary [40]. It might seem more adequate to treat MDD patients using the activation principles 
of patients with other severe mental illnesses such as schizophrenia or bipolar disorder. 
As described in recent publications, aiming the exercise intervention on improvement of 
quality of life and cardiorespiratory fitness, besides the improvement of depression, is indica-
ted [11, 38, 41]. A broader multidisciplinary lifestyle intervention, incorporating light-to-
moderate physical activity in daily life, in addition to lifestyle interventions aimed at smoking 
and eating habits, seems effective. A disadvantage of such a multidimensional approach is 
that it will be difficult to determine the effect of the physical exercise separately, but an ad-
vantage is a probably broader health gain. An alternative approach might be indoor training, 
as used in other studies of depressed patients [32, 42] and in studies of patients with schi-
zophrenia [43]. This could also prevent training absences during wintry conditions with icy 
running tracks. However, a combination of indoor and outdoor exercise is preferred due to 
indications that a green environment contributes to well-being [44, 45]. Another option is 
to launch a pre-study training, in which participants are given the opportunity to personalise 
their program with help from a physical therapist with the aim of increasing their fitness 
level and preventing injuries. This is in line with recommendations based on a qualitative 
study of patients’ viewpoints in general practice involving 33 participants [28]. Once partici-
pants have a sufficient fitness level, they can participate in the group intervention. 
An advantage of this personalised approach is that the form of exercise can be adapted to 
the patients’ preferences and possibilities, for instance cycling in the case of joint problems. 
In addition, also E-learning environments, supporting technical tools such as electronic 
devices for self-registration of activity and smartphone applications (including WhatsApp 
and social media) can be considered. These can potentially encourage participants in daily 
life and promote more adherence to exercise [46].
Prevention of early drop-outs needs more attention in future research. It is a paradox, 
however, that the estimated length of an optimal exercise study is 3-4 months, whereas the 
preferred length of an exercise program is longer. A single study, with a long follow-up of 10 
months, showed that it is worthwhile to invest in long-term motivation to persist in exer-
cising because of maintenance of the therapeutic effect and prevention of a relapse [47]. 
The latest results of the Dutch NEMISIS-study show that the median time for a depressive 
episode was six months in MDD and three months for a minor depressive episode with a 
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full remission of 75% after one year for both.[5] This means that exercise as an adjunctive 
treatment probably can contribute to remission in the first six months, after this period it is 
probably meaningful  to prevent a relapse. 

This process evaluation had several limitations. First, evaluative questioning of participants 
was not appropriate, because the expected bias in favour of exercise was estimated to be high:  
practically only the very small group of completers of the intervention at T12 were able to 
give feedback. This diminished potential informative and qualitative suggestions for future 
research from a patient perspective. In particular, evaluation of the larger group of drop-outs 
could have given more detailed information about blockades for exercise or suggestions to 
solve these, but that was not feasible. Second, the questions directed at the trainers and 
research assistant for this process evaluation were sent by e-mail . Instead, a (semi)-struc-
tured interview would have led to more in-depth information. At last the numbers of included 
patients was small so the conclusion that this type of exercise in these particular patients  
doesn’t fit MDD patients can’t be generalised easily. Nevertheless, this process evaluation 
of an exercise intervention in patients with MDD is one of the few delivered and may be of 
value for both researchers as well as clinicians in the field. Researchers can profit from the 
described pitfalls, whereas the clinicians may recognise their own patients and prevent 
obstacles when planning an (add-on) exercise intervention.

Conclusions
Our process evaluation showed that both the intervention as well as the study design of EF-
FORT-D were not feasible for patients with MDD in terms of motivation and compliance. In 
future interventions, applying electronic self-registration devices is advised, which not only 
can motivate the participant through direct feedback, but they also enable researchers to 
objectively measure the intensity and time spent on physical activity. Besides, social media 
use could enhance more adequate communication (for instance forming an easy accessible 
WhatsApp or Facebook group). Further research is needed to define the optimal duration 
of an exercise intervention in MDD. Finally, a tailored and stepped-care intervention method 
is advised in case of aerobic exercise training such as running therapy or Nordic walking, 
starting with a pre-study phase in which a physical therapist can prepare the potential parti-
cipant. Flexibility in aerobic activity fitting the individual participant, and combining in- and 
outdoor facilities, may also help to retain the participants and enhance motivation for exer-
cise, making it part of their lifestyle.
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ABSTRACT
Results of a randomised controlled trial testing the EFFect Of Running Therapy on Depression

Background
This randomised controlled trial explored the anti-depressive and health effects of add-on 
exercise (running therapy or Nordic walking) in patients with Major Depressive Disorder 
(MDD).  

Methods
Patients were recruited at three specialised mental health care institutions. In the interven-
tion group exercise was planned two times a week during six months, the control group 
received care as usual. Observer-blinded measurements included Hamilton-17 depression 
scores and several health and fitness parameters. Submaximal bicycle-tests were performed 
at inclusion, 3, 6 and 12 months. The effects of exercise were assessed by effect size, inten-
tion-to-treat and analysis per protocol using General Linear Models (GLM) with time x group 
interactions.   

Results
In total, 183 patients were assessed for eligibility and 135 were excluded (40% of the poten-
tial participants declined to participate mainly due to a lack of time and motivation). 
Together with a drop-out of 55% at six months, this reduced the power of the study severely. 
As a result, statistical analysis was performed only on the first three months of the study. 
Data were ultimately analysed from 46 patients, of which 24 were in the intervention group. 
Significantly more women were in the intervention group, and depression and fitness were 
higher in the control group.  Participants showed 2-3 points less depression on average after 
3 months. However, the GLM showed no effect on depression (Cohen’s d < 0.2, F=.13, p=.73) 
in both the intention-to-treat and per protocol analyses. However, large effect sizes (Cohen’s 
d > 0.8) were found for aerobic capacity (VO2max∙.kg -1, F=7.1, p=.02*), maximal external 
output (Wmax∙.kg -1, F=6.1, p=.03*), and Body Mass Index (F=5, p=.04*), in favour of the 
intervention group. 

Conclusions
In this selective and relative small clinical population with MDD, an anti-depressive effect 
of the exercise intervention could not be measured and is also unlikely due to the very low 
effect size. An integrated lifestyle intervention will probably be more effective than a single 
add-on exercise intervention. However, significantly increased fitness levels may contribute 
to the alleviation of current cardio-metabolic risk factors or prevention of these in the future.
Trial registration: Netherlands Trial Register (NTR): NTR1894 on July 2nd 2009
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BACKGROUND

Major Depressive Disorder (MDD) is a leading cause of disability and loss of quality of life
worldwide [1]. Depression has complex, reciprocal associations with several physical illnesses, 
including diabetes mellitus and cardiovascular disease [2-5]. A recent body of research 
suggests that shared immuno-metabolic etiological pathways could explain the comorbidity 
between depression and metabolic syndrome, diabetes, autonomic nervous system dysregu-
lation and cardiovascular disorders. This idea is based on recent findings in genome-wide 
association studies (GWAS) of depression [6], clinical epidemiological work [7] and experi-
mental work testing the effects of anti-inflammatory agents in patients with treatment-
resistant depression [8]. Antidepressant pharmacotherapy and/or cognitive behavioural 
(CBT) and interpersonal psychotherapy (IPT) [9] are currently the mainstays of treatment 
for MDD. Language barriers, costs and availability of therapists could be a barriers to CBT 
and IPT. Regarding medication, only 30% of the patients reach full remission within 12 weeks 
using these first-line antidepressant treatments [10]. Medication can also have undesirable 
side-effects, such as increased cardiovascular risk, and is often resisted by patients, leading 
to poor adherence and suboptimal response. 

As an alternative or add-on, most guidelines on the treatment of depression [11-14] recom-
mend physical activity (PA), such as walking, cycling and exercise (a planned, structured, 
repetitive and purposive physical activity [15]). The effect of PA on depression has been tested 
extensively. However, in most randomised controlled trials (RCTs) studying the effect of 
exercise on depression [16-18], the included patients had mild to moderate depression. 
This is partly because most of these studies relied on self-selected volunteers and/or patients 
who were included based on a self-rating depression scale (Becks Depression Inventory [19]). 
Only some of the participants were diagnosed by a trained clinician with an unipolar depres-
sion or MDD according to the Diagnostic and Statistical Manual of Mental Disorders (DSM) 
[20] or the International Classification of Diseases (ICD) [21]. Three such RCTs studied adult 
inpatients with MDD (total n=113), including one study that was published in 1985  [22]. 

Due to ethical considerations when treating patients with MDD, in current clinical practice 
an add-on approach is preferable to stand-alone exercise treatment. Depression in these 
patients is often severe and protracted, and they are already using antidepressants. Therefore, 
when testing the effect of PA in specialised mental health care settings, an add-on design - i.e. 
adding PA to ongoing treatments – reflects real-world clinical practice better than testing 
exercise as a monotherapy, which may be appropriate in patients with milder depressive
illness. To our knowledge, few recent RCTs [23] have tested the effect of adding PA to ongoing
care in clinically diagnosed MDD patients in regular specialised mental health care. To this 
end, we designed the EFFORT-D study: EFFect Of Running Therapy on Depression. 
The intervention consisted of running therapy (RT) or Nordic walking (NW) during 6 months 
and a post-intervention follow-up at 12 months. The study design of EFFORT-D has been 
published previously [24]. The main objective of the study was to assess the effectiveness of 
RT or NW, in addition to usual care, on MDD in adult inpatients and outpatients. We hypo-
thesised that adding exercise therapy to usual care would result in a larger reduction in 
depressive symptoms (as measured with the Hamilton Rating Scale of Depression (HAM-D17, 
see method section), after a 6 month treatment programme as well as after another 6 months
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follow-up, compared to usual care without exercise therapy. Secondary objectives were to 
assess the effectiveness of RT or NW on the following outcome measures: 1) Fitness para-
meters: maximal oxygen uptake (VO2max∙kg -1), maximal external power output (Wmax∙kg -1), 
heartbeat at rest, grip strength; 2) Metabolic risk factors: body composition (Body Mass Index, 
fat-free mass, muscle mass, visceral fat, waist circumference), blood pressure, fasting blood 
glucose, blood fats; 3) Co-morbid symptoms of anxiety and pain; 4) Quality of life;  5) 
Cost-effectiveness.                                                                                                                                                                  

METHOD
Design
We conducted an observer-blinded RCT with adult patients with MDD treated in either an 
inpatient department or in an outpatient clinic or day hospital.

Setting
The study was carried out between December 2012 and January 2015 in three specialised 
mental health care institutions in the Netherlands. The setting included patients from two 
inpatient emergency wards and three specialised outpatient clinics for affective disorders, 
ensuring the inclusion of patients with more severe, protracted disorders. As a result of un-
foreseen conditions, which were described previously in a process evaluation study [25], 
six months after the start of the study, one of the specialised mental health care institutions 
was no longer available as an inclusion location. The two remaining institutions consisted of 
inpatient units and day hospitals with multidisciplinary teams with psychiatrists, a specialised 
mental health care general practitioner (GP), a neurologist on demand, psychotherapists, 
sociotherapists, occupational and physical therapists, a social worker and nurses. Patients 
were referred by outpatient mental health care services (emergency or otherwise). 
The patients assigned to two locked emergency wards continued their stay after stabilisation 
and reduction of suicide risk in an open crisis ward, and often continued their treatment in 
a day hospital followed by the outpatient programme (psychotherapy, medication and out-
reaching social nurse).
Patients of the two outpatient clinics were referred by GPs, and were assessed, diagnosed and 
treated by a psychiatrist, psychotherapist and/or a social psychiatric nurse. 

Participants                                                                                                                  
Eligible participants were patients between 18-65 years old with MDD , bipolar depression 
or seasonal depression not responding to bright light therapy. Patients with severe and acute 
symptoms of MDD who were referred to an emergency ward were eligible for inclusion and,
when stabilised and capable of giving informed consent, were visited by the research assistant. 
All participants were diagnosed by a clinician before referral to the study and fulfilled the 
criteria for MDD according to the Diagnostic and Statistical Manual of Mental Disorders, 
DSM- IV-TR [20].  In case of a HAM-D17 score [26] ≥ 14, a cut-off score for mild depression, 
the candidate was invited to participate after the protocol and aims of the study were explained.
Exclusion criteria were a depressive disorder as part of a psychotic disorder, schizophrenia, 
schizoaffective disorder, or obsessive-compulsive disorder or  anxiety disorder as primary 
diagnosis. Also excluded were patients with significant cardiovascular disease or other 
medical conditions as contra-indication for exercise therapy, walking and/or running such 
as joint and hip pathology, alcohol/drugs dependence as a primary diagnosis, pregnancy, 
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high suicide risk with treatment on a closed ward, or already being physically active on a 
regular basis (2 or more times a week at a high-intensity level).

Trial staff
The assessment of the HAM-D17 at baseline was performed by the research-assistant prior 
to randomisation. At the other measurement points, the HAM-D17 was measured by one of 
the three blinded outcome assessors (psychologists). They were all trained before the start 
of the study by an expert in HAM-D17 testing to reach consensus. As a control measure during 
the study, HAM-D17 interrater sessions were performed monthly on a patient with MDD 
(non-participant in the study), and no more than 2 points difference on the HAM-D17 scale 
between outcome assessors was accepted. If this criterion was not met, additional training 
was scheduled. 
The inclusion procedure was performed by the research assistant, who was trained for this 
beforehand. The procedure consisted of an eligibility check followed by an appointment for 
randomisation, online questionnaires, biometrics, blood pressure measurement and a sub-
maximal Åstrand bicycle test. During the first assessment, a lab appointment for blood sample 
collection was scheduled.
The intervention trainers were a certificated physiotherapist and running therapists who 
were very experienced in RT and NW as well as in working with patients with severe mental 
disorders.

Recruitment
Within the three hospital regions, attention was drawn to the study with flyers for patients 
and professionals, announcements on the website, and bilateral visits of the principal rese-
archer and research assistant to the heads and therapists of affective disorder programmes 
and intake-teams of the outpatient departments. The included participants received one gift-
voucher worth 25 euros as an incentive for future participation in training and measurement 
activities. 

Randomisation and masking
Randomisation took place at each location separately. As a result, each location had an equal 
distribution of participants in the intervention and control group. The SPSS random gene-
rator, SPSS version 14.0 [27] was used to allocate patients. Participants were randomly 
assigned to exercise twice a week for six months (the participant could choose NW if RT was 
not possible, for instance if they had some joint problems), in addition to their treatment as 
usual or standard treatment. Both groups were followed for one year with measurements 
at inclusion (T0), 3 months (T3), 6 months (T6) and after 12 months (T12). Figure 4.1 shows 
the flow diagram of the study.
At the end of the inclusion procedure, if informed consent was given, ten closed opaque 
envelopes with allocation numbers were presented to the participants by the research 
assistant. The participant could choose an envelope, after which the research assistant told 
the participant in which arm of the study he or she was included, and the participant was 
enrolled into the study by the research-assistant. Due to the type of intervention, the parti-
cipants, research assistant and trainers could not be blinded. Evaluators of the main outcome 
measure (HAM-D17) were blinded for group allocation. All biometric measurements and the 
Åstrand bicycle test were performed by the research assistant.
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The questionnaires (described in the measurements subsection) were self-assessed online 
by digital code and filled in by the participants.

Intervention
In total, around 40 exercise sessions were scheduled during six months. We expected (based
on clinical experience) a long remission-to-recovery period in our patient population, from 
at least 2-3 months. We decided to take a rather long exercise  duration of 6 months, because 
we were also interested in the maintenance of a possible exercise effect which was not des-
cribed yet in the available literature. These add-on exercise sessions took place twice a week: 
once a week a supervised group session was offered and once a week the patient exercised 
individually, with clear instructions on beforehand and an evaluation with self-report at the 
beginning of the next supervised session. Each supervised session, in which the trainers 
worked according to a standardised protocol, lasted one hour, including 30 min of running 
therapy (RT) or Nordic walking (NW). The remaining time was spent on warming-up and 
cooling-down. Each subject followed an individualised intervention protocol with gradually 
increasing training intensity. The goal was to achieve a 30 min period of continuous running 
or Nordic walking in the last sessions (30 min of continuous aerobic exercise twice a week 
at at least 60% of their estimated maximum heart rate). Given the importance of easy access 
to the training sites, care was taken that both the timing (flexibility of the trainers) and the 
location (near to the patients and easy to access) were convenient for participants. These 
intensive exercise sessions were not offered to the control group. They were only allowed 
to exercise at low intensity (walking and recreational sports) and participate in psycho-motor
therapy in their treatment programme. The intervention group also had psycho-motor the-
rapy in the treatment programme and were not encouraged to do intensive exercise between
the training sessions. Furthermore, participants in both arms of the study received treatment 
as usual consisting of pharmacotherapy, cognitive therapy or interpersonal therapy, in ad-
dition to psycho-education and lifestyle advice emphasising an active lifestyle with enough 
walking per day. 

Measurements
All outcome parameters measured during baseline were repeated after three, six and twelve 
months, except for the blood samples, which were taken only at T0 and T6. [24]

Major Depressive Disorder
The primary outcome was change in severity of depressive symptoms measured with the 
HAM-D17. This instrument has been shown to have a good interrater reliability of .92 (Pearson) 
and internal consistency of .82 (Cronbach’s alpha) if used by trained and experienced out-
come assessors [28]. It is the most frequently used instrument to measure changes in 
depressive symptoms in clinical trials, especially in patients with more severe depression [29].  

Fitness                                                                                       
 • A submaximal Åstrand bicycle test was performed on a stationary bicycle ergometer   
    (Examiner, Lode BV, the Netherlands). The heart rate during this test was registered with 
    a heart rate monitor (Polar RS 800, Electro Oy, Finland), and the mean heart rate of the last 
    two minutes of the test combined with the submaximal workload was used to estimate the 
    maximal external power output (Wmax) and the maximal oxygen uptake (VO2max).   
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    The estimated Wmax in Watt and VO2max in ml∙min-1, both related to body weight 
    (Wmax∙kg -1; VO2max∙kg -1), were used as outcome measures.
•  The heartbeat at rest was measured by the heart beat monitor.                                                                                                                      
•  Grip-strength was tested according to protocol twice in both hands (highest value was 
    registered) using a hydraulic hand dynamometer (Jamar J00105, Sammons Preston Rolyan, 
    Bolingbrook, USA).

Metabolic parameters
•  A bio-impedance scale was used to measure weight and body composition (Omron HBF-
    510, Omron Healthcare Europe BV, the Netherlands). Height was measured according to 
    protocol (Seca 214, Hamburg, Germany) and BMI was calculated by standard formula. 
    Waist circumference was measured twice with a tape measure (Seca 201, Hamburg,    
    Germany) at the midpoint between the lower border of the ribs and the upper border of 
    the pelvis.
•  Systolic and diastolic blood pressure were measured twice at rest using an electronic blood 
    pressure meter (Omron M6 comfort, Omron Healthcare Europe BV, the Netherlands) with 
    an adequate cuff size. The mean value of both measurements was registered.
•  Blood samples were taken at T0 and T6 to determine fasting blood glucose and blood fat. 
    All blood samples were kept frozen and analysed together in one laboratory session at the 
    end of the study. 

Psychological and social measurements
•  Co-morbid symptoms of anxiety were measured by the Beck Anxiety Inventory (BAI), a 
    21-item multiple-choice self-report inventory that measures the severity of generalised   
    anxiety and panic symptoms in adults and adolescents on four levels. The BAI has been 
    shown to be highly internally consistent (Cronbach’s alpha = .94) and was scored as suffi-
    cient on tests of convergent and discriminant validity [30]. 
•  Co-morbid pain was measured with the Graded Chronic Pain Scale (GCPS), a 7-item scale 
    measuring aspects of pain, physical ability and social interference, resulting in a 5-class 
    hierarchical scale ranging from 0 (no pain problem) to IV (high disability/severely limiting). 
    (Internal consistency in Cronbach’s alpha: .71-.74, Pearson’s correlation coefficient .45-.58).                                                                               
•  Quality of life (QoL) data were collected using the EuroQuol 5 dimension questionnaire 
    (EQ-5D), a standardised instrument that measures five dimensions of health (one item 
    each): mobility, self-care, usual activities, pain/discomfort and anxiety/depression, rated 
    from 1 (no problems) to 3 (many problems). The added value of the EQ-5D is the calcula-
    tion of an index score ranging from 0 (worst QoL) to 1 (perfect QoL) using the Dutch 
    value set based on time-trade-off weightings of a representative Dutch sample [31].
•  Cost-effectiveness: Healthcare use and work productivity were evaluated by the Trimbos/
    iMTA Questionnaire for Costs associated with Psychiatric Illness (TIC-P), a 29-item list 
    which focuses on establishing costs related to loss of productivity at work and to health 
    care utilisation. A feasibility and validation study showed that the TIC-P is a valid instrument 
    for measuring medical consumption and productivity losses [32].
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Other variables
Physical activity
•  SQUASH: This questionnaire measures physical activity (days, time and effort of PA) in   
    four domains of daily life during a normal week in the past months and enables computa-
    tion of the intensity of energy expenditure. Intensity is defined as the ratio of work 
    metabolic rate to a standard resting metabolic rate (MET)[33]. The SQUASH has been 
    shown to have a Spearman’s correlation coefficient of .58 for total reproducibility and .45
    for total relative validity compared with an accelerometer, and is suitable for population 
    studies [34]. This questionnaire was only used retrospectively to determine whether 
    patients were too physically active at T0 and eventually remove them before statistical 
    analysis. 

Medication
• Type and duration of medication was derived from patient records retrospectively.

Sample size                                                                                                      
It was expected that patients in the usual care group (control group) would respond with a
mean reduction in HAM-D17 of six points, because they were all following the standard MDD 
treatment protocol (this was based on clinical experience). Adding exercise to usual care 
(intervention group) was expected to result in a decline of at least eight points (2 points more 
than the control group) on the HAM-D17 score. To detect this difference, with an α (two-tailed) 
of 5% and a power (1-β) of 80%, using two equal groups and a standard deviation of 5 points, 
100 patients were needed in each group. Taking 30% drop-out into account, 140 patients had 
to be included in each group [24].

Data-analysis
The statistical analysis was performed using SPSS version 24 [35]. The normality and homo-
geneity of the data were tested and confirmed by Kolmogorov-Smirnov tests. Independent 
Chi²-tests and Fisher’s exact (Fe) tests (categorical variables) and analysis of variance 
(ANOVA) (continuous variables) were used for comparison of the intervention and control 
group characteristics at baseline. Student’s T-tests with 95% confidence interval were used 
for independent samples. Intention to treat (ITT) analysis was performed using General
Linear  Models (GLM) repeated measures with time x group interactions to test the differen-
ces in intervention and control group at different times [36]. For the per protocol (PP) ana-
lysis, the intervention participants were selected and divided into three groups based on the 
number of sessions they participated (0-10, 10-20 sessions and > 20 sessions). Participants 
with more than 10 sessions were included.

Ethical approval
The EFFORT-D study was reported according to the Consolidated Standards of Reporting 
Trials (CONSORT) statement [37]. It was designed and implemented in accordance with the 
principles of the Helsinki Declaration (Edinburgh, Scotland Amendment, October 2000). 
The study protocol was approved by the Medical Ethical Committee for Mental Health 
(Metigg Kamer Noord), CCMO (Central Committee on Research Involving Human Subjects) 
protocol number: NL.26169.097.08. 
The EFFORT-D study was registered in the Netherlands Trial Register (NTR): NTR1894 on 
July 2nd 2009. All participants gave their informed consent for participation in the study. 
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Figure 4.1  Flow diagram of the EFFORT-D study

RESULTS

Participant flow during the study
In total 183 patients were assessed as eligible to participate within the 2-year time-frame of 
the EFFORT-D study. 
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A relatively high number (n=135) of these eligible participants were excluded for various 
reasons, see Figure 4.1. The largest group of excluded patients (40%) were those who expec-
ted that they were not able to organise their daily life in such a way that they could participate 
in the exercise intervention twice a week. This expectation was based on the following 
reasons: the programme was too time consuming, they were too tired and they were unable 
to commit to the study and the exercise intervention. Secondly, 20% of the outpatients 
referred by a GP were admitted to the affective disorder programs after completing the 
intake procedure. However, by the time they were rated on the HAM-D17 (on average 10 
weeks later), their score was already below 14, which made them ineligible to participate. 
Other causes for exclusion were medical contra-indication (25%) and already exercising 
twice a week for at least 30 minutes (15%). The planned dose of exercise was ultimately 
administered to 25 participants in the intervention group; the analysis was performed on a 
group of 24 participants (see figure 4.1). Between allocation to the intervention group (T0) 
and the first follow-up measurement (T3), 10 of the 25 initial participants (40%) dropped 
out. The drop-out rate increased to 56% at T6 and 80% at T12. In the control group, a similar 
drop-out pattern was seen: 43% at T3, 65% at T6 and 82% at T12 (Figure 4.1). Of the 48 
participants in both arms included in the study, two highly physically active participants 
(METS/week > 750 = extremely high PA) were excluded retrospectively from the analyses 
based on SQUASH outcomes. Ultimately, 46 remained for further analysis, with 24 participants 
in the intervention arm. 
Due to low attendance at the blood lab (60% at T0 and 83% at T6), only the blood samples 
at T0 could be analysed.

Participant characteristics at baseline
At baseline, 45% of the included participants were treated inpatients (17% were from the 
crisis care ward, 28% were from the day hospital) and 55% were outpatients. Table 4.1 
shows the participant characteristics at baseline.

Table 4.1 Characteristics of the Intervention group, Control group and Total group1 at baseline. Mean (SD) 
unless noted otherwise

* p<0.05, ** p<0.01 (2-tailed test)
¹ 45% inpatients (17% emergency ward, 28% day-hospital), 55% outpatients
² Missing questionnaires n=10                                                                             
³ 14-18: moderate depression, 19-27: severe depression, >27: very severe depression  
⁵ Missing n=12: Mechanical defect grip strength meter 
⁶ Missing n=22: No show at blood lab                                                                                                                                              
⁷ Beck Anxiety Index, Missing n=25; 16-26 moderate-severe anxiety, >26= severe anxiety
⁸ Graded Chronic Pain Scale, Missing n=24; Pain in body parts max=7: A=0-3, B=3-5, C=5-7
⁹ Euroquol 5-D, Missing n=8. Subjective Health (1-100 scale, 100=optimal)
¹⁰ Trimbos/iMTA Costs Associated with Psychiatric Illness, Missing n=6. 
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 Intervention 
group 
(n=24) 

Control 
group 
(n=22) 

Total group 
(n=46) 

Chi-square (χ2)  
Anova (F)       
Fisher’s exact (Fe) 

Age, yrs  42.2 (9.3) 40.1 (9.0) 41.2 (9.1) F=.60 
Sex, women % 79.2 40.9 60.9 χ2=7.05** 
Education², n 
  Low % 
  Middle % 
  High % 

17 
18 
47 
35 

19 
26 
53 
21 

36 
22 
50 
28 

 
Fe=.75 

Hamilton-D17³  20.1 (5.2) 24.3 (5.4) 22.1 (5.6) F=7.33*  
Fitness parameters⁴, n  
Wmax, Watt∙kg-1    
VO2max, ml∙min-1∙kg-1 

Heartbeat at rest, b∙min-1 
Grip strength⁵, kg, n 
  Left  
  Right  

24 
3.85 (.66) 
29.1 (6.9) 
75.7 (12.3) 
18 
31.3 (13.2) 
33.1 (16.6) 

20 
3.91 (.65) 
35.7 (6.0) 
80.0 (16.0) 
16 
33.6 (11.9) 
38.6 (15.1) 

44 
3.88 (.64) 
31.6 (7.1) 
77.7 (12.2) 
34 
32.4 (12.5) 
35.4 (15.8) 

 
F=4.43* 
F=5.85* 
F=1.10 
 
F=.29 
F=.84 

Body composition, n 
  BMI 
  Fat Free Mass, kg  
  Muscle Mass, kg  
  Visceral Fat, kg  
  Waist circumference, cm  
Blood pressure, n 
Systolic, mmHg  
Diastolic, mmHg 

24 
28.8 (5.9) 
51.2 (11.9) 
27.0 (4.5) 
8.3 (2.8) 
98.3 (13.5) 
24 
143.4 (24.2) 
88.9 (12.5) 

22 
27.3 (6.1) 
58.5 (13.1) 
31.1 (4.8) 
8.6 (4.5) 
97.4 (15.2) 
22 
143.0 (17.1) 
88.0 (9.6) 

46 
28.1 (6.0) 
54.7 (12.8) 
29.0 (5.0) 
8.4 (3.6) 
97.9 (14.2) 
46 
143.2 (20.9) 
88.5 (11.1) 

 
F=.70 
F=3.87  
F=8.41* 
F=.08 
F=.05 
 
F=.00 
F=.07 

Blood parameters⁶, n 
  Fasting blood glucose, mmol∙l-1   
  Cholesterol, mmol∙l-1  
  HDL Cholesterol, mmol∙l-1 
  Cholesterol/HDL Cholesterol, 
mmol∙l-1 
  Triglycerides, mmol∙l-1 

18 
4.9 (.44) 
5.1 (.68) 
1.33 (.36) 
4.0 (.98) 
1.46 (.94) 

10 
5.1 (.56) 
5.8 (1.33) 
1.55 (1.04) 
4.7 (1.1) 
1.8 (1.17) 

28 
5.0 (.48) 
5.3 (.99) 
1.41 (.67) 
4.4 (1.8) 
1.5 (1.0) 

 
F=.598 
F=2.99 
F=.67 
F=2.43  
F=.693 

Anxiety: BAI⁷, n 
 

10 
18.5 (10.8) 

11 
28.5 (13.1) 

21 
23.7 (12.8) 

 
F=3.59 

Pain: GCPS⁸, n 
  A 
  B 
  C 
Pain medication % 

11 
2 
6 
3 
64 

11 
1 
7 
3 
72 

22 
3 
13 
6 
68 

Fe=.58 
 
 
 
F=.65 

Quality of Life: EQ5-D⁹, n 17 
37.5 (20.3) 

21 
29.7 (16.3) 

38 
33.2 (18.4) 

 
F=1.71 

Costs: TIC-P¹⁰, n 
  Contact GP last 6 weeks % 
  Work Sickness leave < 1 month % 
  Work Sickness leave >1 month % 
  Housework disability % 
  Housework help needed % 

19 
58 
85 
54 
71 
47 

21 
95 
85 
54 
77 
61 

40 
77 
85 
54 
74 
54 

 
Fe=.007** 
Fe=.70 
Fe=.65  
Fe=.66 
Fe=.52 

Medication, n 
  Antidepressant % 
  Benzodiazepines % 
  Mood stabilizer % 
  Antipsychotic % 
  Somatic medication % 
Duration antidepressant before 
inclusion 
 0-3 months % 
 3-6 months % 
 > 6 months % 

24 
74 
42 
16 
16 
31 
 
36 
50 
14 

22 
86 
68 
 4 
23 
45 
 
43 
47 
10 

46 
72 
50 
10 
19 
39 
 
39 
48 
13 

 
Fe=.44 
Fe=.12 
Fe=.32 
Fe=.70 
Fe=.52 
Fe=1.0 
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The baseline measurements showed that the intervention group included almost twice as 
many women than the control group, which has a large influence on parameters such as e.g. 
fitness (VO2max and Wmax) and muscle mass. The control group showed a significantly 
higher HAM-D17 score. In the total group, the criterion of hypertension (mean systolic blood 
pressure ≥ 140 mmHg) was met with a borderline mean diastolic blood pressure just below 
90 mmHg. The mean BMI indicates overweight, and the mean waist circumference - a measure 
for central (visceral) adipositas –  was above the norm: 95.0 (SD=14.4) cm in females with 
≥ 88 cm as cut-off score and 102.4 (SD=13.3) in males with ≥ 102 cm as cut-off score, based 
on the criteria of the International Diabetes Federation (IDF) Epidemiology Task Force Con-
sensus Group [38].  On the TIC-P, the control group had significantly more GP visits 6 weeks 
before inclusion. The majority of the participants were apparently treated along the depres-
sion protocol by a GP or mental health professional before inclusion, with on average 72% 
of the total group receiving antidepressants. Interpretation of the medication use indicated 
that some patients suffered from MDD with psychotic symptoms (melancholic depression) 
or/and were already in a following step of the MDD protocol (added lithium treatment). 
The severity of MDD was also underlined by the high mean rate of work sickness leave and 
inability to perform household tasks. The average delay between the intake procedure after 
GP referral, followed by an indication for the affective disorders programme until inclusion 
into the study for these outpatients, was 10.4 weeks. The participants in the emergency wards 
had to stabilise before inclusion, after which they were able to give informed consent and 
were included with an average delay of 3.5 weeks. As expected, due to the severity of their 
depression, the average HAM-D17 score at inclusion for inpatient or day hospital participants 
(25.7) was higher than for outpatients (20.5). 

Effectiveness of the intervention
Due to the high number of drop-outs, statistical analysis was performed for the primary 
outcome (HAM-D17), the submaximal Åstrand bicycle test (VO2max in ml∙min-1∙kg -1 and 
Wmax in W∙kg -1), and the biometric values between T0 and T3 only. Intention to treat and 
per protocol analysis using GLM (interaction time by group) showed no significant additional 
reduction in depressive symptoms in favour of the intervention group. Depression on the 
HAM-D17 decreased in both groups on average by 2-3 points. Both fitness parameters of the 
submaximal Åstrand bicycle test, the BMI and visceral fat (the last one only in PP analysis) 
showed significant improvements compared to the control group. Although no significant 
difference between both groups was seen in waist circumference and visceral fat mass (in 
ITT analysis), these outcome variables showed a large clinical effect (Cohen’s d > 0.8) inde-
pendent of the HAM-D17 scores. Heartbeat at rest and diastolic blood pressure, as a possible 
expression of autonomic nervous system modulation by exercise, showed a moderately large 
effect in favour of the intervention group (Table 4.2). 
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For both the intervention and control group, figures 4.2 and 4.3 illustrate the difference in 
Wmax∙kg -1 and VO2max∙kg -1 between T3 and T0 in relation to the difference in HAM-D17  
between T3 and T0. These figures show that the fitness of the intervention group increased 
greatly independent of the decrease in depression in both groups. 

 
 

Outcome variable Analysis Intervention 
group T0 

Intervention 
group T3 

Control group 
T0 

Control group 
T3 

GLM (interaction 
time by group) 

Effect size 
Cohen’s d 

HAM-D17 ITT  (NI=12; NC=7) 19.1 (5.2) 17.1 (6.6) 25.1 (6.6) 22.3 (8.3) F=.13 p=.73 0.18 

PP   (NI=8; NC=7) 17.7 (2.9) 14.4 (4.5) 25.1 (6.6) 22.3 (8.3) F=.03   p=.85 0.10 

Wmax (Watt.kg-1)  ITT (NI=10; NC=6) 2.29 (0.54) 2.64 (0.69) 2.76 (0.64) 2.73 (0.66) F=6.1    p=.03* 1.71 

PP   (NI=7; NC=6) 2.24 (0.49) 2.60 (0.60) 2.76 (0.64) 2.73 (0.66) F=8.0   p=.02* 1.31 

VO2max (ml∙min-1∙kg-1) ITT  (NI=10; NC=6) 29.1 (6.8) 34.5 (8.6) 35.8 (6.0) 36.11 (7.9) F=7.1    p=.02* 1.47 

PP    (NI=7; NC=6) 28.7 (6.1) 34.1 (7.2) 35.8 (6.0) 36.11 (7.9) F=14.3   p=.003** 2.29 

Heartbeat at rest (b∙min-1) ITT  and PP (NI=7; 
NC=6) 

90.0 (18.4) 79.4 (14.1) 82.1 (16.1) 84.8 (20.4) F=1.2    p=.30 0.65 

BMI   ITT  (NI=12; NC=6)  30.0 (6.0) 29.4 (7.1) 26.5 (6.6) 27.6 (6.9) F=5.0    p=.04* 1.19 

PP    (NI=8; NC=6)  30.1 (6.2) 29.8 (6.9) 26.5 (6.6) 27.6 (6.9) F=6.0    p=.03* 1.42 

Visceral Fat (kg)  ITT  (NI=12; NC=6) 9.1 (2.4) 8.5 (3.1) 9.2 (5.3) 9.7 (5.0) F=4.1     p=.06 1.07 

PP    (NI=8; NC=6) 8.9 (2.7) 8.5 (2.7) 9.2 (5.3) 9.7 (5.0) F=5.9     p=.03* 1.41 

Muscle Mass (kg) ITT  (NI=12; NC=6) 28.4 (4.9) 29.2 (5.1) 33.6 (3.2) 33.3 (3.2) F=1.2      p=.27 0.58 

PP    (NI=8; NC=6) 26.9 (4.3) 27.2 (4.2) 33.6 (3.2) 33.3 (3.2) F=.77     p=.39 0.51 

Waist circumference (cm) ITT  (NI=12; NC=7) 102.6 (10.7) 100.1 (10.5) 96.4 (18.6) 99.4 (18.3) F=3.4    p=.08 0.92 

PP    (NI=8; NC=7) 102.4 (11.9) 100.4 (9.8) 96.4 (18.6) 99.4 (18.3) F=3.0   p=.11 0.96 

Systolic Blood Pressure 
(mmHg) 

ITT   (NI=12; NC=7) 152.2 (23.4) 140.2 (18.6) 146.6 (22.7) 142.6 (17.9) F=1.2     p=.30 0.54 

PP    (NI=8; NC=7) 143.5 (11.6) 138.0 (13.0) 146.6 (22.7)  142.6 (17.9) F=.05     p=.82 0.12 

Diastolic Blood Pressure 
(mmHg) 

ITT  (NI=12; NC=7) 90.9 (13.5)  81.7 (10.7)  86.3 (9.2) 83.9 (9.4) F=1.8    p=.19 0.67 

PP    (NI=8; NC=7) 86.6 (11.4) 78.7 (9.5) 86.3 (9.2) 83.9 (9.4) F=.95    p=.35 0.54 

 
Table 4.2 Results of General Linear Model tests (interaction time by group) and effect sizes of Intention-to-treat 
(ITT) and Per-protocol
(PP) analysis 1

Data are mean (SD); NI=number in the intervention group; NC=number in the control group; GLM two-tailed 
test significance test: *= p<.05, **=p<.01; Effect size (Cohen’s d): 0-20=very small effect, >.20-.50=small effect, 
>.50-.80=moderate effect, >.80=large effect (computed according method by Thalheimer & Cook, 2002). ¹ PP ≥10 
sessions attended.
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Figure 4.2 Intention-to-treat difference scores of the W∙kg -1 plotted against difference scores of the Hamilton 
Rating Scale of Depression (HAM-D17), and labelled for intervention and control group

 

 Figure 4.3 Intention to treat difference scores of the VO2max∙kg −1 plotted against difference scores of the 
Hamilton (HAM-D17), and labelled for intervention and control group
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Analysis of effectiveness on blood fats, fasting glucose, BAI, GCPS, EQ-5D and TIC-P were 
not performed due to missing data.
 
DISCUSSION

The EFFORT-D RCT examined the effect of an add-on exercise intervention in patients with 
MDD treated in specialised mental health care in the Netherlands. To the best of our know-
ledge, this study is one of the few [16] RCTs with ‘real-life’ inpatients and outpatients with 
MDD which investigated the effect of an add-on aerobic exercise intervention on the course 
of depression. Moreover, few previous studies have used the evaluation of fitness parameters 
based on a submaximal Åstrand bicycle test [22, 23, 39], which is more objective and accurate 
than self-rated fitness [40]. 

Our main hypothesis – that a significant reduction in depressive symptoms would result from 
add-on exercise in the intervention group relative to the control group – was rejected. 
Both groups did improve at three months follow up, but there was no significant difference 
between the two arms. Given the small numbers of patients we were able to include, the lack
of power precludes firm conclusions about the effectiveness of the intervention, and this RCT 
therefore can be characterised as a “failed trial”. However, the very small effect sizes (Cohen’s 
d was 0.18 in the ITT analysis and 0.10 in the PP analysis) suggest that a larger trial is unli-
kely to find a clinically relevant effect of add-on exercise on depression. The effects of the 
intervention on fitness (VO2max in ml∙min -1∙kg -1and Wmax in W∙kg -1) were large, sugge-
sting a considerable increase in fitness in the intervention group. The effects on metabolic 
risk factors, such as BMI, waist circumference and visceral fat, were large (Cohen’s d effect 
size > 0.8 in favour of the intervention group). This is in line with another recent 6 weeks 
add-on exercise study in MDD patients, in which physical fitness and metabolic syndrome 
factors improved in the exercise group [23]. A consistent component of significant changes 
in BMI and waist circumference in the EFFORT-D study is probably caused by a significant 
decrease of visceral fat. Given the relationship between white adipose tissue as a main player 
in the neuro-immune interactions between obesity and depression [41], a direct effect of 
exercise on the supposed chronic low-grade inflammatory state in these patients would be 
plausible. Unfortunately, lack of blood samples for CRP measurement precluded testing this. 
Regarding parameters reflecting a possible modulation of the autonomous nervous system, 
in which an overactive sympathetic activation is supposed to contribute to cardiovascular 
risk (CVR) factors [7], such as blood pressure and heartbeat at rest showed a moderately 
large effect size in the intervention arm. 

A considerable proportion (40%) of the initially eligible depressed patients declined to parti-
cipate in the study, and analysis of the drop-outs indicated low motivation to participate in 
this type of exercise intervention. Once included, adherence to the intervention was a main 
concern for our trial staff. Despite increasing effort in motivating participants and individual 
adaptations in exercise training, without violating the protocol, this tendency persisted. 
The fact that the number of drop-outs was equally high in both arms and that no inpatients 
completed the entire intervention for three months might be explained by the severity of 
MDD in this specific population. Low adherence to the exercise intervention is assumed to be
associated with MDD symptoms such as fatigue, loss of energy and initiative [25]. A process 
evaluation [25] of the EFFORT-D study mainly pointed out that a lack of intrinsic motivation, 
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assumed as part of the depressive symptomatology was a key factor in failing to continue the 
exercise. [42, 43]. This has been proposed as a potential key factor in the commencement 
and maintenance of PA in patients with severe mental disorders such as schizophrenia and 
affective disorders. In similar depressive populations as ours, two recent studies – add-on 
exercise compared to treatment as usual or two-armed exercise versus stretching RCTs -
reported the same problems with inclusion and motivation [44, 45]. In these studies, 25% 
to 50% of the eligible participants lacked motivation to participate. In another recent pilot 
RCT examining the feasibility of an unsupervised, facility-based exercise programme in 
depressed patients, the most helpful aspect reported was connecting participants to fitness 
centre resources. Adding physical activity counseling as intervention however, did not increase 
exercise adherence and had no effect on depression scores [46]. This raises the question of 
whether this type and frequency of add-on exercise intervention, with also partly unsuper-
vised sessions, is appropriate for patients with more severe MDD. Furthermore, it is very 
likely that RT and NW are not the preferred types of exercise for all patients in this population. 

This suggests that exercise cannot be a standard intervention for all patients with MDD, and that
more tailored interventions are needed [47]. The severity of MDD in this study population, 
together with its influence on several domains of daily life (somatic health, work, relations 
and social functioning), leads to the conclusion that an integrated lifestyle intervention 
appealing to these domains will probably be more effective than a single add-on exercise 
intervention. Therefore, more research is needed into potential negative influencers, patient 
profiling and for individually customised forms of exercise. 
As a result of the three-month exercise period, the fitness of the intervention group improved
substantially: 15 % increase in the Wmax. kg -1 and 19% increase in VO2max. kg -1. In another 
study in MDD patients, using one month of add-on exercise therapy and antidepressants 
(sertraline), an increase of 8% in cardiorespiratory fitness (VO2max) [48] combined with a 
reduction of sertraline use was found in the exercise group compared with the control group. 
The fact that less increase in cardiorespiratory fitness was found compared to our study 
could be explained by the shorter training period of one month. In addition, the baseline 
fitness of our participants was almost 10% lower relative to the fitness of an healthy but 
untrained Dutch working population [49], which could also play a role. This is because lower 
initial values leave more room for improvement. Our biometric findings in BMI, body compo-
sition (waist circumference and visceral fat) at baseline show a rather high risk of metabolic 
syndrome. This is in accordance with studies into the metabolic burden and CVR in affective 
disorders, in which a robust association was found between metabolic syndrome and MDD 
[2]. Patients with MDD are therefore assumed to be at high risk for cardiovascular morbidity 
and mortality. In contrast to earlier research indicating a high prevalence of diabetes Type II 
in MDD (DM-T2) [50], we found no indication of a high prevalence of diabetes Type II  in the 
participants of the EFFORT-D study at baseline.  

A recent meta-analysis showed a modest inverse dependent relationship between symptom 
severity and CVR, which was stronger in men than in women [51]. In the EFFORT-D study, 
however, the increase in Wmax∙kg -1 and VO2max∙kg-1 and was independent of the HAMD17 
results. Furthermore, a recent population based meta-analysis showed the protective effect 
of PA on depression [52]. The question remains whether this protective effect also applies 
to patients who recently remitted from a depressive episode. 
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In closing, although our primary  hypothesis was rejected in this RCT, our results showed a 
potentially lower cardiovascular risk profile as a result of the intervention, which is a benefit 
when considering the high cardiovascular risk of depressive patients.  

Limitations and strengths                                                                                                                     
The most important limitation of this RCT is that only about 25% of the intended participants 
were included, which clearly had a negative impact on the power of the study. The underlying 
reasons were described in a separate process evaluation paper [25]: a lack of motivation of 
the patients to participate (or continue to participate) in the study and a dynamic reorgani-
zational surrounding (budgetary cuts and a merger) were the main causal factors. The lack 
of motivation was assumed to be related to the severity of the patients’ depression in com-
bination with (based on the patient records) the psychosocial circumstances which caused 
and maintained the depressive episode. In addition, excessive loss to follow-up made it im-
possible to perform the intended statistical analysis of follow-up data at 6 and 12 months. 
However, the non-significant result of the additional exercise intervention on depression that
we found after 3 months of exercise in this type of patients is in accordance with a recent 
robust meta-analysis in this field, with DSM and ICD diagnosed MDD patients [53]. 

A further limitation was insufficient data for the analysis of several laboratory parameters 
and the results of questionnaires on quality of life, anxiety and pain symptoms, and cost-ef-
fectiveness. For example, due to the high proportion of no-shows at the blood lab, it was 
impossible to compare metabolic and inflammatory factors in the blood samples at T0 and 
T6, as intended in the design of the EFFORT-D study. 

One strength of this study is its high-quality design: it was a RCT using the semi-structured 
Hamilton interview to diagnose the severity of MDD and the Åstrand submaximal bicycle test 
to objectively measure physical fitness. In addition, the EFFORT-D study is one of the few 
studies into MDD in ‘real-life’ patients, offering a useful new clinical perspective of the role 
of exercise in MDD. The objective measurement of the fitness parameters using bicycle-tes-
ting instead of self-rating by patients may also contribute to more scientific evidence for CVR 
in MDD [54] and prevention in the future.  

Clinical implications
This RCT showed that low motivation for exercise and low adherence after starting exercise 
greatly reduces the number of MDD patients eligible for an add-on intervention. Given the 
non-significant results on depression scores, the clinician is confronted with the question of 
whether RT or NW are still considered positive interventions in ‘real-life’ patients in specia-
lised mental health care. Our data on health parameters, however, showed a significant effect 
on risk factors for cardiovascular disease, so it seems logical to emphasise these positive 
health effects in psycho-education to motivate patients to exercise instead of promising them 
reduction of depressive symptoms on the short term. This might prevent even more feelings 
of failure in clinical patients, which are already a burden related to their MDD. 
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RECOMMENDATIONS

Future studies into exercise for MDD patients should focus on participation from the first 
moment of contact with the patient. Risk factors for drop-out and low adherence are increa-
singly known and could be identified in individual patients, thus offering a risk-profile leading 
to more tailored attention to and guidance of the patient. In addition, more research is needed 
to identify factors that precipitated non-adherence. Participation might also be improved by 
using electronic devices (such as pedometers or actometers), social media and visits to the 
patients’ homes (agreed to in advance). Furthermore, with regard to the response to the 
questionnaires, the online versions were not very appropriate for the MDD patients in the 
EFFORT-D study, leading to many incomplete questionnaires. Since all measurements per-
formed in the presence of the research assistant or blind outcome assessors were more 
complete, filling in questionnaires in the presence of a trial staff member is recommended 
instead of self-rating online versions at home.    
                                                                                                                       
CONCLUSIONS

The current study underlines the importance of an add-on exercise intervention in MDD 
patients to reduce their cardiovascular risk by enhancing their fitness. For inpatients and 
day-hospitalised patients with MDD, and those with a potentially more resistant depressive 
symptoms or with a higher cardiovascular risk, exercise could prevent future health problems. 
Due to a low statistical power and lack of follow-up at six and twelve months, conclusions 
about the anti-depressive effect of this add-on exercise intervention were not possible. 
However, the effect size on depression was so low that even a higher number of participants 
would not have improved the effect-size to clinical relevance. This is in line with results of 
previous meta-analyses when the results of the methodologically weaker studies are excluded. 
It could be more appropriate for clinicians to psycho-educate their MDD patients and to 
emphasise the useful effects of exercise on cardiovascular risk factors, rather than promising 
them unlikely positive results on depressive symptoms in the short term. 
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ABSTRACT  

Objective 
To explore determinants of adherence in the EFFORT-D (Adherence in the EFFect Of Running 
Therapy) randomized controlled trial. In that study involving 48 patients with major depres-
sive disorder (MDD) in specialised mental health care, adherence was low in the total study 
group (58%) and very low in the intervention group (37%). 

Method 
All patients were given treatment as usual and half were randomized to an exercise interven-
tion (Running or Nordic Walking). Adherence was measured at 3 months (T3) and 6 months 
(T6) and was defined as participation in the overall study protocol (total N=42, adhered 
N=28) or intervention (total N=24, adhered N=9). Potential determinants were age, BMI, 
tobacco and alcohol use, severity of depression (HAM-D17), anxiety (BAI), fitness
(VO2max.kg -1 and Wmax.kg -1) and personality traits (NEO-FFI) at baseline. ANOVA, 
Chisquare tests and block wise logistic regression were performed, and reliability of the 
scales was determined (Cronbach’s alpha). 

Results
Numbers were too low for analyses on smoking, drinking and anxiety. Higher Agreeableness 
(NEO-FFI scale Cronbach’s alpha: .72) was associated with better adherence to the overall 
study protocol (OR=1.2, p=.03) and HAM-D17 was negatively associated with adherence in 
the intervention group (OR=.70, p=.046; Cronbach’s alpha .65-.82).

Conclusions
To adhere to a study protocol involving exercise or to a clinical exercise programme, MDD 
patients need substantial support. Measurement of personality traits as potential predictors 
of adherence could be considered for this purpose.  Participation in our study was lower than 
expected, so the results should be interpreted with caution and preferably replicated.
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INTRODUCTION

Poor adherence or non-adherence to prescribed medication is a worldwide problem, with 
rates as high as 50% in developed countries (World Health Organisation) [29]. Adherence is 
defined as “the process in which a person follows rules, guidelines, or standards, especially 
as a patient follows a prescription and recommendations for a regimen of care” [27].  
In patients with Major Depressive Disorder (MDD), medication is frequently prescribed, but 
adherence is low (21-41%) [15]. In this population, poor adherence is associated with higher 
medical costs [2] and increased risk of mortality [17]. Relatively few studies on the treatment
of affective disorders have focussed on adherence problems in MDD [23]  A narrative review 
of depressed older patients [32] reported the following determinants of adherence to depres-
sion treatment: co-morbid anxiety, substance use, cognitive status, polypharmacy, medical 
co-morbidity, social support, costs of treatment, gender and race. 
Besides medication, MDD of inpatients could in theory be treated with an add-on exercise 
regime [20]. However, poor adherence to the intervention and to the study protocol has also 
been reported in exercise trials. Several authors analysed drop-out and poor adherence in 
their studies with the aim of identifying factors determining adherence to exercise in MDD 
patients. They identified the following determinants of non-adherence: anxiety (higher) [7],
age (higher)[18], baseline severity of MDD (higher), [1], tobacco use (smoking), alcohol 
consumption (hazardous drinking) and work flexibility (less flexible) [6].

In our study of the EFFORT-D (Effect of Running Therapy in Depression) RCT [20], we also 
observed high levels of drop-out and poor adherence to the exercise intervention. In a separate 
qualitative process evaluation, we also described several factors that influenced the results 
of the EFFORT-D trial [19]: the observed poor adherence was associated with severity of MDD, 
low motivation and the duration of the intervention. 
Personality traits may also influence adherence to therapy and other interventions. However, 
no studies have yet addressed personality traits as possible determinants of therapy and 
study adherence in MDD exercise interventions. If this association was shown, this could lead 
to more effective interventions by selecting patients that would benefit from more support.

Since antiquity, personality traits have been assumed to be linked with mental disorders [16], 
but consensus on personality taxonomy began to emerge only in the 1980s. One important 
model consisted of hierarchically ordered traits [5], leading to the ‘Big Five model’ of perso-
nality traits: Neuroticism, Extraversion, Agreeableness, Openness and Conscientiousness [25]. 
These personality traits are  assumed to have a solid genetic base [22]. Moreover, the five 
factors were proven to be stable during adulthood [3], over a lifespan of 50 years [12] and 
across cultures and languages [24]. This genetic and psychological stability of the Big Five 
model enabled investigation of the expected response of patients in various therapies. 
Low neuroticism and high conscientiousness, for instance, have been associated with better 
therapy outcomes [26]. Lower conscientiousness has been associated with a poor therapy 
response, whereas lower agreeableness was shown to reflect scepticism and antagonistic 
tendencies in patients, leading to uncooperative behaviour that frustrated the therapy [9]. 
A study of patients with MDD suggested that neuroticism is affected by depressive states and 
by anxiety states [22] Another study showed that extraversion and conscientiousness are 
affected by depressive disorders, but not by anxiety disorders, and that agreeableness and 
openness are influenced by neither [13]. 
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We therefore analysed adherence to the EFFORT-D RCT with a quantitative statistical approach 
based on the “Big Five” model of personality traits. To the best of our knowledge, this is the 
first time that personality traits have been investigated in relationship to adherence in patients 
with MDD who were treated with an exercise intervention.

Aims of the study
To identify possible determinants of adherence, we analysed two aspects of adherence using 
data from the EFFORT-D RCT: 1) participation in the study protocol as a whole, which included 
both the intervention group and control group, and 2) participation in the exercise interven-
tion. In addition to the ‘Big Five’ factor personality traits, we had data on the following 
potential determinants: age, gender, Body Mass Index (BMI), tobacco and alcohol use, severity 
of MDD, anxiety, fitness (maximum oxygen uptake VO2max.kg -1; maximal external power 
output Wmax.kg -1).

METHODS
Sample
The EFFORT-D randomized controlled trial included 48 MDD inpatients (see Figure 5.1). 
All participants received treatment as usual (TAU), and half were randomly assign to a six-
month, add-on exercise intervention (Running or Nordic Walking). The intervention group 
was then compared  to the group that received TAU only [20] Measurements were performed 
at T0 (baseline), after 3 months (T3), after 6 months (T6), and after 12 months (T12). 
Results are described elsewhere (manuscript under review).
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Measures
•  Age and gender information was derived from the study dataset.
•  BMI: a bio-impedance scale was used to measure weight (Omron HBF-510, Omron   
    Healthcare Europe BV, the Netherlands) and height was measured according to protocol 
    (Seca 214, Hamburg, Germany). BMI was calculated by standard formula.  
• Participants were asked about their tobacco and alcohol use at baseline using an online  
    electronic questionnaire. Aggregated variables were: smoking: 1=never smoked, 2=current 
    smoker, 3=smoking in the past; drinking: 1=never-several times a month, 2=2 times a week 
    or more.
•  Severity of depression: the primary outcome variable of the EFFORT-D study was the 
    severity of depressive symptoms measured with the Hamilton depression scale with 17 
    items (HAM-D17). This instrument has been shown to have a good interrater reliability 
    of .92 (Pearson) and internal consistency of .82 (Cronbach’s alpha) if used by trained and 

Figure 5.1  Flow scheme of the EFFORT-D study
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    experienced outcome assessors [8]. It is the most frequently used instrument to measure 
    changes in depressive symptoms in clinical trials, especially in patients with more severe 
    depression [10]. The HAM-D17 in our study showed a reliability (Cronbach’s alpha) of .65 
    at T0 (n=44), .81 at T3 (n=20) and .82 at T6 (n=18).
•  Fitness parameters: a submaximal Åstrand bicycle test was performed on a stationary 
    bicycle ergometer (Examiner, Lode BV, the Netherlands). During this test, the heart rate 
    was registered with a heart rate monitor (Polar RS 800, Electro Oy, Finland). The mean 
    heart rate of the last two minutes of the test, combined with the submaximal workload, 
    was used to estimate the maximum oxygen uptake (VO2max) and the maximal external 
    power output (Wmax). The estimated VO2max in ml∙min-1 and the estimated Wmax in 
    Watts, both related to body weight (VO2max∙kg -1 and Wmax∙kg -1, respectively), were used.
•  Co-morbid symptoms of anxiety were measured by the Beck Anxiety Inventory (BAI),    
    a 21-item multiple-choice self-report inventory that measures the severity of generalised 
    anxiety and panic symptoms in adults and adolescents. The BAI has been shown to be 
    highly internally consistent (Cronbach’s alpha = .94) and was scored as sufficient on tests 
    of convergent and discriminant validity [4]. In our study, at T0, the BAI anxiety question-
    naire showed a reliability of .97 (Cronbach’s alpha), which is very high. Correlation of the 
    BAI with the HAM-D17 was .39 (p=.07 different from zero).
•  Personality: the Neuroticism-Extraversion-Openness Five-Factor Inventory (NEO-FFI) is a 
    60-item personality questionnaire measuring the five personality traits (factors) making 
    up the Big Five model for personality: Neuroticism, Extraversion, Agreeableness, Openness 
    and Conscientiousness. The questionnaire has a sufficient internal and temporal reliability 
    from .75 to .87 across scales [28]. The total scores of the five factors were used. At T0 in 
    our study, the NEO-FFI (n=44) showed the following Cronbach’s alpha values: Neuroticism 
    0.77; Extraversion 0.73; Openness 0.54; Agreeableness 0.72; and Conscientiousness 0.75.     

Adherence
Adherence to the study protocol was operationalised using participation in the HAM-D17 
measurements at T3 and/or T6 (some participants had no T3 measurement but did have 
measurements at T6). Members of the intervention group that participated more than 10 
times in the Running therapy or the Nordic walking intervention (total counts of guided and 
non-guided sessions) were regarded as adherent to the intervention. 

Statistical analysis
ANOVA, Chi-square tests and logistic regression were performed on available data using 
SPSS version 24 (IBM, 2012). Participants were divided into adherent (value 1) and non-ad-
herent (value 0) groups. Analysis of adherence was performed for the total group (interven-
tion plus control group) when studying the adherence to the study protocol, and for the 
intervention group alone when studying the adherence to the intervention group. Stepwise 
logistic regression analyses (method Block wise Enter) in both the total group and the inter-
vention group were performed to identify determinants of adherence. Block variables were 
identified after analysing group differences with ANOVA and Chi-square tests and checking 
the number of valid cases to avoid low numbers in the analyses. Blocks were divided into 
background variables, mental state variables, fitness variables, and personality traits. 
Factors of the NEO-FFI were added in a block only if the difference in the ANOVA analyses 
had a significance of p<0.10. 



                     76 Physical Activity in Clinical Psychiatry Physical Activity in Clinical Psychiatry                     77

Determinants of adherence in a randomized controlled exercise trial in major depressive    Chapter 5
           disorder: an explorative study

Ethical approval
The EFFORT-D study protocol was approved by the Medical Ethical Committee for Mental 
Health (Metigg Kamer Noord), CCMO (Central Committee on Research Involving Human 
Subjects) protocol number: NL.26169.097.08 and registered in the Netherlands Trial Register 
(NTR): NTR1894 on July 2nd 2009. All participants gave their written informed consent for 
participation in the study.

RESULTS
After removing participants with a feasible reason for non-adherence (N=4; see footnotes in 
Figure 5.1), 44 subjects remained for analysis. Due to very low numbers at T12, those mea-
surements could not be used.  

Table 5.1 Characteristics and comparisons of groups: adherence to study protocol or adherence to intervention, 
and total groups.
*p< 0.10 **p<0.05 ***p<0.01 (2-tailed test). Mean (SD) unless noted otherwise. A=adherent NA=non-adherent
¹ Included participants with missing T3 measurements but present at T6 measurements
² Total group in study n=48. Removed before analyses:  n=1 suicide, n=1 manic episode, n=2 moved to other region
3  Smoking and drinking: n=22 Adherence to study, and n=12 Adherence to intervention, due to missing electronic 
   questionnaires.
4 BAI Adherence to study total n=21 (A=16, NA=5), BAI Adherence to intervention total n=11 (A=6, NA=5) due   
   to missing electronic questionnaires.
5  VO2max.kg -1 and Wmax.kg -1 Adherence to study total n=43 (A=25, NA=18): 1 cycle test missing.
6  Total adherence to intervention n=24 (1 missing NEO-FFI) 

 

 

 

Measurements at T0 Adherence  
to study  
protocol 
at T3/T6¹ 
 
 
(n=28) 

Non-
adherence 
to study 
protocol  
at T3/T6  
 
(n=16) 

Total  
 
 
 
 
 
(n=44)² 
 

Chi-
square (χ2)  
Anova (F)      

Adherence to 
intervention 
at T3/T6 
 
 
 
(n=9) 

Non-
adherence 
to 
intervention 
at T3/T6 
 
(n=16) 
 

Total 
 
 
 
 
 
(n=25) 

Chi- 
square 
(χ2)   
Anova (F)      

Age in years  43.4 (10.0) 38.4 (7.4) 41.6 (9.4) F=2.98* 44.9 (9.6) 41.2 (9.1) 42.5 (9.3) F=.87 
Sex, women % 54 75 61 χ2= 1.97 77 81 80 χ2= .04 

Body Mass Index  27.8 (5.4) 28.9 (7.4) 28.2 (6.1) F= .37 29.5 (6.0) 28.5 (5.8) 28.8 (5.8) F=.18 
Smoker %3 40 35 36 χ2=.04 17 33 25 χ2=.44 
Alcohol drinker > 1 
time a week %3 

23 20 23 χ2=.03 33 0 17 χ2=2.4 

Hamilton depression 
score 

21.8 (6.1) 23.6 (4.9) 22.2 (5.7) F= .50 17.6 (2.7) 22.3 (6.1) 20.6 (5.6) F=4.76** 

Anxiety BAI score4 13.9 (6.7) 15.6 (8.3) 14.3 (6.9) F= .21 9.3 (5.2) 12.4 (3.7) 10.7 (4.7) F=1.18 
VO2max.kg-1   32.1 (5.8) 33.7 (9.5) 32.6 (7.3) F= .43 29.6 (5.8) 30.7 (6.2) 30.3 (5.9) F=.21 
Wmax.kg-1 5  2.48 (.50) 2.64 (.76) 2.54 (.60) F= .68 2.30 (.46) 2.40 (.50) 2.36 (.48) F=.26 
NEO-FFI scores  

Neuroticism  
Extraversion  
Agreeableness  
Openness  
Conscientiousness  

 
43.5 (7.7) 
35.9 (7.0) 
41.1 (5.9) 
37.9 (6.6) 
38.2 (6.3) 

 
45.1 (6.6) 
35.6 (6.7) 
37.3 (5.6) 
34.9 (3.4) 
41.9 (6.2) 

 
44.1 (7.3) 
35.8 (6.8) 
39.7 (6.1) 
36.8 (5.8) 
39.5 (6.4) 

 
F= .46 
F= .03 
F= 4.20** 
F= 3.03* 
F= 3.47* 

 
44.9 (7.5) 
35.9 (7.5) 
39.8 (6.6) 
40.0 (8.1) 
37.0 (7.7) 

 
43.5 (5.7) 
38.9 (7.2) 
40.4 (7.2) 
35.6 (3.6) 
42.1 (6.8) 

 
44.1 (5.9) 
37.6 (7.3) 
40.1 (6.9) 
37.1 (5.9) 
40.2 (7.4) 

 
F=.28 
F=.93 
F=.04 
F=3.36* 
F=2.80 

  

Chi-square and Anova analyses showed differences in age (p= .09), agreeableness (p=0.047), 
openness (p=.09) and conscientiousness (p=.07) between the adherent and the non-adherent 
subgroups, and these variables were used in the regression analysis on study protocol 
adherence. The HAM-D17 scores were lower in the adherence subgroup of the intervention 
(p=.04) and openness was higher (p=.08); these variables were also used in the regression 
analysis.
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Table 5.2 and 5.3 show the results of stepwise logistic regression with 4 blocks (background 
variables, mental health, fitness, and the significantly different personality factors). As the
numbers of valid cases were too low for smoking, drinking and anxiety, these variables were 
omitted. In Blocks 1 and 2 (Table 5.2) age appeared at borderline significance (p<0.10), but 
disappeared when fitness was added in Block 3 (now BMI appeared at borderline level p<0.10). 
Mental health (depression only) did not add to the model. In Block 4, which added the NEO 
FFI factors agreeableness, openness and conscientiousness, only agreeableness showed a 
significant result with an odds ratio of 1.2 (p=.03); this was a small effect, with the 95% con-
fidence interval just above 1. Conscientiousness had borderline significance (p=.07), showing 
a trend that less conscientiousness was associated with more adherence in this sample. 
The total model in Block 4 showed an Omnibus Chi-square p value of 0.056.
Table 5.3 shows the results of the regression analyses with adherence to the exercise inter-
vention. In this model, depression was the only significant predictor: less depression was 
associated with more adherence (OR=0.699, CI .49-.99; p=.046). The model omnibus Chi-
square was 13.1 (p=.069).
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DISCUSSION
Adherence to the research protocol of the EFFORT-D study was positively associated with the 
level of agreeableness, (OR 1.2; p=0.03;95%; CI:1.01-1.4). Adherence to the exercise inter-
vention was negatively associated with the severity of depression as measured with the 
HAM-D17 (OR .70, p= .046; 95% CI:.49-.99). Both results were corrected for background 
variables, fitness and other personality factors. 
To our present knowledge, this is the first study to investigate personality factors as possible 
determinants for adherence in an add-on exercise study in MDD inpatients in regular clinical 
practice. Although previous research in MDD patients indicated that age [18], anxiety [7] and 
tobacco and alcohol use [6] are negative determinants for adherence, we were unable to 
confirm these findings. This was probably due in part to the low numbers of valid cases in 
our analyses. Moreover, the analyses did not show that BMI and fitness (VO2max.kg -1 and 
Wmax.kg -1 were specific determinants for this RCT) determine adherence. The negative 
association of adherence in the exercise intervention with depression was in accordance 
with previous research [30]. 
Overall, the means of the NEO-FFI scores in the total research group showed 30% more 
neuroticism compared to the scores of a “normal” population in an age group between 25 
and 49 years  [9]. However, compared with a MDD affected population (n=800) in the Nether-
lands [13], the mean of the scores in the EFFORT-D study are largely comparable (see Table 
5.4), except that agreeableness is somewhat lower in our sample. This demonstrated the 
validity of our findings. 
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 Effort-D study 

sample 

General Dutch 

population1  

NESDA study 

sample2 

N= 

NEO-FFI: 

 

44 1288 800 

Neuroticism  

 

44.1 (7.3) 

 

31.1 (8.2)** 42.4 (6.8) NS 

Extraversion 

 

35.8 (6.8) 40.1 (6.6)** 33.0 (6.8) * 

Agreeableness 

 

39.7 (6.1) 

 

45.3 (5.6)** 42.7 (5.5) ** 

Openness 

 

36.8 (5.8) 

 

44.1 (5.2)** 38.4 (6.3) NS 

Conscientiousness 39.5 (6.4) 

 

35.9 (6.4)** 38.8 (6.6) NS 

 

 

In the total research group agreeableness was found to be a predictor of adherence to the 
study protocol. Together with the finding that agreeableness showed a reasonable Cronbach’s 
alpha of .72 in this sample, and that this personality domain is not state dependent in MDD, 
this suggests that it could be an independent predictor of adherence in other MDD studies 
as well. Because the NEO-FFI is an easily accessible, short (15-20 minutes), self-rating ques-
tionnaire, replicating this finding would not be difficult. If the use of the NEO-FFI in MDD 
studies can be replicated, then the agreeableness score of a patient could perhaps indicate 
measures to ensure that participants adhere to a study protocol as long as possible.

Table 5.4 Comparison of NEO-FFI scores of the EFFORT-D study sample with the general Dutch population 
and the NESDA study sample                                                                                       
Mean (SD); t-tests NS=non-significant * p<.01 ** p<0.001
1 Hoekstra et al. (1996)
2 Netherlands Study of Depression and Anxiety. Karsten et al. (2012)
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In the intervention group, adherence was clearly associated with HAM-D17 scores: the higher 
the depression scores, the lower the adherence to exercise. This association was described 
previously [30] and was also shown in the EFFORT-D process evaluation [19]. For future 
research and for exercise programmes as an add-on to MDD treatment protocols, this means 
that severe MDD patients need even more support maintaining exercise than was offered in 
our study. This category of patients may have a medical indication to exercise to prevent 
cardiovascular problems [31], so an even greater effort of supporting staff is needed, perhaps 
comparable with intensive physiotherapeutic revalidation programmes. For example, adap-
tation of the surroundings –such as a training programme in a physio-fitness equipped 
room - could have advantages above regular clinical facilities. This approach is supported 
by the findings of Kerling et al. [14]. Their 6-weeks study involved exercising with MDD 
inpatients in a fitness environment, and their results were superior to ours. Furthermore, 
the poor exercise adherence of most depressed patients seems to originate from lack of 
motivation, which is assumed to be a part of the negativism and anhedonia in MDD. 
This association  was also found in medication adherence, as described above [15]. There-
fore, the entire MDD treatment trajectory with various therapeutic modalities requires an 
intensive and watchful attitude of the clinician with frequent monitoring of motivation.
A limitation to our study was the rather small sample of patients (n=44). The results should  
therefore be interpreted cautiously. Due to this lack of power, we could have missed important 
predicting variables that were reported in previous studies. Furthermore, the reliability 
score of the HAM-D17 at baseline was rather low (.65), and increased at T3 and T12 (>.80). 
An explanation for this effect could be that the group of blind assessors was larger with more 
turnover at the start of the study. One inclusion region left the study within six months after 
the start, leaving a smaller and more consistent team of blind assessors.

CONCLUSION
This quantitative analysis agrees with our qualitative analysis, and underlines the previous 
conclusion that severe MDD patients need extensive support from staff to maintain an exercise 
programme. These patients are at higher risk for cardiovascular complications, so their need 
for exercise is even higher than patients with a milder depression. Finally, besides replicating
the present study, we recommend that future MDD studies examine the impact of NEO-FFI 
personality traits on adherence. This is because personality traits - in particular agreeable-
ness - appear to be an import predictor of study adherence. 
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ABSTRACT

Sedentary behaviour and lack of physical activity threatens health. Research concerning these 
behaviours of inpatients with severe mental illness is limited but urgently needed to reveal 
prevalence and magnitude. In total, 184 inpatients (men n = 108, women n = 76, mean age 
57,4, 20% first generation antipsychotics, 40% second generation antipsychotics, 43% anti-
depressants, mean years  hospitalisation 13 years), with severe mental illness of a Dutch 
psychiatric hospital  wore an accelerometer for five days to objectively measure total activity 
counts per hour and percentages in sedentary behaviour, light intensity physical activity and 
moderate to vigorous physical activity. Accelerometer data were compared with data of 54 
healthy ward employees. Patients showed significantly less activity counts per hour com-
pared to employees (p= 0.02), although the differences were small (d= 0.32). Patients were 
sedentary during 84% of the wear time (50 min/hr), spend 10% in light intensity physical 
activity and 6% in moderate to vigorous physical activity. Age was the only significant predic-
tor, predicting less total activity counts/hr in higher ages. Decreasing sedentary behaviour 
and improving physical activity in this population should be a high priority in clinical practice.
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INTRODUCTION
Recent epidemiological studies have shown that sedentary behaviour – defined as any waking 
behaviour in a sitting or reclining posture costing ≤1.5 times the basal metabolic rate [34] -
is a major independent lifestyle risk factor for increased mortality and the development of 
cardiovascular disease, diabetes, obesity and cancer [4]. Compared to the general population, 
patients with severe mental illness have an even higher risk of premature mortality and 
morbidity caused by cardiovascular disease and diabetes [45]: their life expectancy is 15-30 
years lower and their risk of dying is 2.2 times higher. This mortality gap associated with 
mental illness has widened in recent decades [48]. Risk factors for common health problems 
that underlie the abovementioned increased mortality are clustered in the metabolic syndrome, 
which is highly prevalent in this population [47]. In addition to management of weight and 
dietary habits, the level of physical activity is an important factor for reducing these risk 
factors [38]

In the Netherlands, an estimated 107.000 patients have severe mental illness, of which 
27.000 are permanent residents of a hospital or sheltered living environment [19] The latter 
group, but probably even more patients, are likely at risk for the above-mentioned health 
problems. To develop interventions that may improve health and reduce mortality, insight 
into the prevalence of sedentary behaviour and physical activity in patients with severe 
mental illness is essential [15]. 

More data on the prevalence of physical activity and sedentary behaviour, which is a distinc-
tly different behaviour than physical inactivity [34], is being acquired about patients with 
severe mental illness [38,41]. Until 2016, however, most research into sedentary behaviour 
and physical activity in this population included only outpatients, and the few published 
studies on inpatients included only patients with a relatively short stay, had a small number 
of participants, did not use a control group (except for one study), and generally used self-
report questionnaires for sedentary behaviour and physical activity [27]. These self-report 
questionnaires have shown limited reliability and tend to underestimate the amount of 
sedentary behaviour [37] and overestimate physical activity [14]. In addition, co-morbid 
cognitive problems in patients with severe mental illness [1] may cause an impairment of 
memory, influencing reproduction of their activities and thus limiting the self-reported regi-
stration of their behaviour.

To overcome the limitations of self-reporting, objective measurement of sedentary behaviour 
and physical activity by accelerometry offers valid and reliable registration and is now the 
preferred option [37,2]. In the current study, a majority of subjects were in patients with 
severe mental illness, mainly schizophrenia, and we measured sedentary behaviour and 
physical activity objectively by means of accelerometry. 

To date, little research has been performed in this population using accelerometry. Data on 
a comparable inpatient population, published by Chen [9]  and Stubbs [39], suggested that 
higher levels of sedentary behaviour and physical inactivity were independently associated 
with worse performance across several cognitive domains. Our current study, which included 
a more invalidated and hospitalized population than the abovementioned studies, may en-
hance the knowledge about activity and inactivity in the inpatient population and can lead 
to validation of measurement methods.                                                                    
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METHODS
Participants
All subjects were inpatients on long-term psychiatric wards at a psychiatric hospital in the 
Netherlands. Patients were eligible if hospitalized for at least one year with a treatment 
history of at least two years. To ensure that the sample was representative of daily clinical 
practice, the following exclusion criteria were used: insufficient knowledge of Dutch language, 
a severe psychiatric or physical condition that prevented accelerometer measurement or being 
unable to provide informed consent. A comparison group of employees was formed, because 
comparing our patient data with published studies was difficult due to a lack of consensus 
about settings and data processing [26]. We included as many of the 80 available employees
of the institution as possible. Exclusion criteria were: working nightshifts or insufficient 
knowledge of Dutch. The group was mixed in terms of gender, age and profession.

Procedure
Participants were asked to wear an accelerometer (ActiGraph GT3X+) for five consecutive 
days (Wednesday morning to Sunday evening), except while sleeping or during water acti-
vities. Ward nurses were instructed on registration procedures, on managing the wearing 
time of the accelerometers and were asked to complete a short questionnaire about the 
physical inactivity level of each patient (inactivity-subscale of the NOSIE: Nurses’ Observation 
Scale for Inpatient Evaluation) [13]. Patients were instructed verbally per ward by JD (N ≈ 25 
wards of 10 patients each) and were told about the background of the research, the proce-
dures and the measurement method. Their informed consent was requested, leaving patients 
free to refuse participation. Employees in the comparison group were instructed individually 
by JD and also received a written instruction-guide. The comparison group was measured 
using the same procedures as the patient group. The Netherlands Central Committee on 
Research Involving Human Subjects (CCMO) stated that no further ethical approval was 
necessary due to the minimal impact on patients of wearing an accelerometer for five days.

Measurements
Demographic variables (gender and age), Body Mass Index (BMI) and disease-characteris-
tics (years of hospitalisation, diagnosis, illness severity and use of antipsychotics and anti-
depressants) were derived retrospectively from electronic patient records. Diagnoses were 
classified according to the DSM-IV-TR into three main groups: schizophrenia/other psychotic 
disorders, personality disorders and affective disorders. Incidental diagnoses were catego-
rized as ‘other disorders’, such as substance-related diagnosis. Mood disorders were split 
into depression and bipolar, assuming more physical activity in (hypo)manic state. Anti-
psychotics were split into first generation, second generation or both. This is due to the 
differing effects these medications may have on physical activity: movement disorders are 
generally associated with first-generation antipsychotics, while metabolic side effects are 
associated with the second-generation [31]. 

Severity of illness was measured by the Dutch version of the severity scale from the Clinical 
Global Impression Scale [30], consisting of one item (global severity of disease), rated by the 
psychiatrist from 1 (not at all ill) to 7 (extremely ill) [7]. In the comparison group, only data 
on gender and age were collected. Sedentary behaviour and physical activity were measured 
by ActiGraph GT3X+ accelerometers (ActiGraph, Pensacola, Florida, VS) and analysed with 
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ActiLife 6.8.0 software (same manufacturer). The accelerometers were worn on the right 
hip, and were held in place with an elastic strap between two belt loops or were placed in a 
small pouch that was pinned up on the same place. The ActiGraphs used firmware version 
3.2.1, and accelerometer data were sampled at 100 Hz in order to obtain detailed data and 
prevent vigorous activity to be eliminated in data-processing, which may happen at lower 
sampling frequencies [6]. Data were downloaded at a user-specified time interval (epoch) 
of 1 second (1s) [28]. To avoid major data drop out, a wear time of more than six hours/day 
for at least three days was used as the criterion for a valid measurement. Periods with zero 
counts of 90 minutes or more, were defined as non-wear time [10]. 

We used the data of the Vector Magnitude variable, combining the data from all three axes, 
which appears to be more accurate than data from the vertical axis only [33]. Due to the 
previously mentioned lack of consensus about settings and data-processing in accelerometry 
measurement, we decided to use total activity counts per day, which had been suggested as
a complementary outcome and potential standard for better comparability [2]. Patients’ 
irregular daily rhythm and expected variance in wear time complicated the definition of a 
‘day’. Therefore, total activity counts/hour were calculated and percentage of valid wear 
time in sedentary behaviour (< 150 counts/min), light intensity physical activity (151 - 3207 
counts/min) and moderate to vigorous physical activity (≥ 3208 counts/min) were reported 
[33]. For patients older than 65 years, the cut-off point for moderate to vigorous physical 
activity was fixed at ≥ 2751 counts/min. Total activity counts/hour was used in the statistical 
analysis as continuous variable representing total activity. To compare patients’ data, the 
same timeframe was used for each dataset: 09.00 a.m. till 10.00 p.m. Data from the compa-
rison group was processed with the same settings and criteria. The GT3X+ has a high inter- 
and intra-instrumental reliability and validity [29,18,24]. The inactivity-subscale of the 
Nurse Observation Scale for Inpatient Evaluation, Dutch version [13] reflects the nurse’s 
opinion about the level of physical inactivity of each patient, scoring inactivity behaviours 
and motor retardation in four items, on a scale from 0 (never) to 4 (always). The summed 
score of the four items is the main variable, with a range from 0 (no inactivity) to 16 (severe). 
The NOSIE shows a good inter-rater reliability [20] and a Cronbach’s alpha of .64 in the 
present study.

Data analysis
All statistical tests were conducted using SPSS version 21.0 [22] and interpreted at 0.05 two-
ailed significance level, unless noted otherwise. Continuous variables were examined for 
normality and homogeneity by comparing means with medians and standard deviations and 
by analysing frequency histograms and normality plots. If the assumption of normal distri-
bution was violated, data was bootstrapped using 1000 samples with 95% confidence in-
tervals, bias-corrected and accelerated [49]. Descriptive analyses were performed on each 
of the study variables. To check for differences between groups (participants/dropouts, 
attachment of accelerometers, men/women and patients/comparisons), independent t-tests
and chi-square tests were conducted on continuous and categorical variables. For further 
analysis with categorical variables (diagnosis and medication), dummy variables were used. 
Therefore, the variables ‘other diagnosis’ and ‘both generations antipsychotics’ were the 
reference groups for diagnoses and medication types, respectively. Analysis of covariance 
(ANCOVA) was conducted to control for gender and age between patients and comparisons. 
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Pearson correlations were calculated to assess bivariate associations between sedentary 
behaviour, physical activity and demographic and disease characteristics, and between 
sedentary behaviour, physical activity and the nurse-rated inactivity scores (0.05 two-tailed 
significance level). Hierarchical regression analyses (method Enter) were used to assess the 
degree to which demographic and disease characteristics could explain the variance in total 
activity counts/hour. In order to control for the method of attachment of the accelerometers, 
this was entered in the model first. 

Demographic and disease characteristics were added into the second model. In the regres-
sion analysis, homogeneity and linearity were examined by scatterplots. Multicollinearity 
was examined by correlation coefficients and collinearity statistics (tolerance and VIF values).

RESULTS
Sample
A total of 251 patients were eligible for the study, of which 16 were excluded because they 
were unable to give informed consent due to severe psychosis. Of the remaining 235 patients, 
26 patients were not included for various reasons: refusal to sign informed consent (n = 24), 
removal (n = 1), bedridden patient (n = 1). This left 209 patients who were accelerometer 
registered. Of this group 23 were excluded from analysis due to incomplete data (n = 4) and 
inadequate wearing time (n = 19). The 184 remaining patients (response rate = 73%) were 
included in the analysis. This group had a higher proportion of men (59%) compared to the 
group that was excluded from the analysis (43%), X 2(1, N = 251) = 4.71, p = 0.03. 
The participant group and the excluded group did not differ in terms of age, diagnosis, years 
of hospitalization, disease-severity, BMI and medication. Of all available employees (n = 80), 
26 were excluded because they had to work nightshifts. The remaining 54 employees were 
all measured during a three-week-period; all of them complied with the required wearing time. 

Participant characteristics                                     
Table 6.1 shows the patient characteristics. Men were between 25 and 89 years old and women 
between 28 and 91. Men were hospitalized for a minimum of one year and a maximum of 
58 years, which was substantially longer than the female patients (1 - 41 years). The com-
parison group (n = 54) consisted of 16 men and 38 women. Men were between 23 and 61 
years old  and women between 38 and 63 years, with significantly fewer men in the compa-
rison group (30%), than in the patient group (59%), X2(1, N = 238) = 14.13, p < 0.001 and 
with significantly younger age than the patient group, t(236) = 6.45, p < 0.001. We controlled 
for age and sex in further analysis.
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Sedentary behaviour and physical activity
As shown in Table 6.2, the patient group had significantly fewer total activity counts/hr than 
the comparison group. Although the accelerometers were more frequently attached to patients 
using a pouch, X2(1, N = 238) = 11.93, p = 0.001), after controlling for the known differences 
in sex, age and attachment method, the difference in total activity counts/hr remained highly 
significant, F(1, N = 238) = 5.82, p = 0.02. However, the absolute differences were small 
(d = 0.32). 
Patients were predominantly sedentary. Although the comparison group scored about 1.5 
times higher in light physical activity and moderate-to-vigorous physical activity than the 
patients, the comparison group also showed a high percentage of sedentary behaviour. 

 
Variable (scale) Total (n = 184) Men (n = 108) Women (n = 76) p 
Age in years  57.4 (12.8) 56.5  (12.1) 58.9  (13.6) 0.20 
Diagnosis, n (%)       0.72 

Schizophrenia and otherwise psychotic 142 (77.2) 82  (75.9) 60  (78.9)  
Personality disorder 17 (9.2) 12  (11.1) 5  (6.6)  
Mood disorder        

Depressive 6 (3.3) 3  (2.8) 3  (3.9)  
Bipolar 7 (3.8) 5  (4.6) 2  (2.6)  

Othersa 12 (6.5) 6  (5.6) 6  (7.9)  
Years of hospitalisationb 13.0 (12.3) 14.8  (13.2) 10.7  (10.7) 0.02 
Severity of illness (scale 1-6)c 4.67 (1.36) 4.51  (1.39) 4.89  (1.26) 0.06 
Body Mass Index (BMI) 27.8 (6.2) 27.7 (5.4) 28.8 (7.0) 0.05 
Medication, n (%)        

Antipsychotics       0.55 
First generation 36 (19.6) 21  (19.4) 15  (19.7)  
Second generation 70 (38.0) 45  (41.7) 25  (32.9)  
Both 73 (39.7) 40  (37.0) 33  (43.4)  

Antidepressants 82 (44.6) 46  (42.6) 36  (47.4) 0.52 
 

 

 

 

 

Table 6.1 Demographics, disease characteristics and BMI of all patients, and for men and women separately
Mean (SD) unless otherwise noted.
Note. significant p-values (p<0.05) are bold.
a Substance-related disorders (n = 3); delirium, dementia, and amnestic and other cognitive disorders (n = 3);      
   somatoform disorders (n = 2); mental disorder not otherwise specified (n = 2); anxiety disorder (n = 1) and    
    developmental disorder (n = 1). 
b Skewed distribution, bootstrapped (1000 samples, 95% confidence intervals BCa).
c Higher scores mean higher severity of illness.

 
 

 
Variable (scale) Patients (n = 184) Comparisons (n = 54) p 
Wear time during measurement (hours)a 54.6 (9.6) 58.3  (7.80) 0.004 
Total activity counts per houra 24527  (14822) 35564  (10778) 0.001 
Intensity during wear time      

Sedentary behaviour (%) 83.6  (8.0) 76.0  (4.6) < 0.001 
Light physical activity (%)a 10.5  (6.0) 15.3  (3.0) 0.001 
Moderate to vigorous physical activity (%)a 5.9  (4.3) 8.8  (3.0) 0.001 

Table 6.2 Objectively measured sedentary behaviour and physical activity compared between patients and 
comparisons
Mean (SD).
Note. significant p-values (p<0.05) are bold. 
a Skewed distribution, bootstrapped (1000 samples, 95% confidence intervals BCa).  
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We initially found a sex difference in patients for both total activity counts/hr and moderate-
to-vigorous physical activity, with women showing lower values than men (Table 6.3). 
However, after controlling for wearing method (women wore a pouch more frequently than 
men (X 2(1, N = 184) = 22.21, p < 0.001) and the fact that patients who wore a pouch (40%) 
scored significantly lower in total activity counts/h, (t(182) = 2.96 (bootstrapped CI = 
2170.95 – 10265.25), p = 0.003), no sex difference was found in total activity counts/hr 
(F(1, N = 184) = 1.21, p = 0.27) and moderate-to-vigorous physical activity (F(1, N = 184) = 
3.41, p = 0.07).

Because comparing accelerometer data between studies is difficult, for comparison purposes 
we used data from several recent studies with similar methods in populations of elderly 
people: the same accelerometer, length of time sampling interval (epoch) and wear-time 
validation settings. We recalculated our data using the same cut-off points as these studies, 
based on vertical axis counts (Table 6.4). Even compared to these data from mobility-limited 
older adults (without a current diagnosis of schizophrenia or other psychotic disorder) [16] 
and elderly people with mild-to-moderate Parkinson disease [3], our patients were much 
more sedentary, although they spent more time in moderate-to-vigorous physical activity 

 
 
 

Variable (scale) Men Women p 
Patients    
N 108 76  
Subjectively rated inactivity (0-16)a 4.53  (2.75) 4.78  (3.18) 0.57 
Objectively measured sedentary behaviour and 
physical activity      

Wear time during measurement (hours)b 56.2  (7.8) 52.3 (11.3) 0.02 
Total activity counts per hourb 26377  (16597) 21899  (11451) 0.04c 

Intensity during wear time      
Sedentary behaviour (%) 82.9  (8.3) 84.7  (7.5) 0.15 
Light physical activity (%)b 10.5  (6.0) 10.5 (6.0) 0.97 
Moderate to vigorous physical activity (%)b 6.6  (4.9) 4.9  (3.1) 0.01c 

      
Comparison group      
N 16  38   
Objectively measured sedentary behaviour and 
physical activity      

Wear time during measurement (hours)b 60.34  (4.63) 57.49  (8.71) 0.12 
Total activity counts per hourb 34234  (9082) 36124  (11483) 0.50 
Intensity during wear time      

Sedentary behaviour (%) 76.2 (4.9) 75.9  (4.6) 0.83 
Light physical activity (%)b 15.6  (3.4) 15.9  (2.9) 0.55 
Moderate to vigorous physical activity (%)b 8.2  (2.2) 9.0  (3.3) 0.29 

Table 6.3 Sedentary behaviour and physical activity scores of patients and comparisons for men and women
Mean (SD).
Note. significant p-values (p<0.05) are bold.
a Higher scores = more inactivity. 
b Skewed distribution, bootstrapped (1000 samples, 95% confidence intervals BCa). 
c After analysis of covariance with the way of attachment, men were no longer more active than women.
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Associations with background characteristics
Pearson correlations showed significant associations between sedentary behaviour, physical 
activity and background characteristics. Younger age was moderately associated with less 
sedentary behaviour (r = .38, p < 0.001), and more moderate-to-vigorous physical activity 
(r = -0.51, p < 0.001) and total activity counts/hr (r = -0.53, p < 0.001). Years of hospitalisation, 
a diagnosis of schizophrenia, personality disorder and ‘other’ showed weaker associations 
with various sedentary behaviour and physical activity variables, reflected in associations 
with total activity counts/hr (r = -0.16, p <0.05; r = 0.27, p <0.001; r = -0.18, p <0.05; r = -0.22, 
p <0.01, respectively). However, all these variables were also significantly associated with 
age; after performing the hierarchical regression, age remained the only significant predictor 
(Table 6.5). The model also showed that, after controlling for these patient characteristics, 
the wearing method was not a significant predictor of the measured total activity counts/hr. 
The resulting total model was significant, with a substantial explained variance. Finally, lower 
nurse-rated inactivity scores showed medium-to-strong correlations with lower total activity 
counts/hr (r = -0.35, p <0.001), more sedentary behaviour (r = 0.39, p <0.001), less light 
physical activity (r = -0.31, p <0.001) and less moderate-to-vigorous physical activity 
(r = -0.30, p <0.001).

Table 6.4 Comparison of ActiGraph GT3X(+) vertical axis data of the present study with two other studies, 
based on 1s epochs and using wear time validation of Choi et al. [9]

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Fitzgerald et al. (2015) Benka Wallen et al. (2015) 

Population Mobility-limited older 
adults 

Elderly people with mild to 
moderate Parkinson disease 

N 1170 79  
% women 66  47  
Age, mean (SD) 78.8 (5.3) 73.2 (5.7) 
Used cut-off points (counts per minute)     

Sedentary behaviour 0-99 0-99 
Light physical activity 100-499 100-759 
Moderate to vigorous physical activity >500 ≥760 

 
% of time in     

Sedentary behaviour 77.0  75.9  
Light physical activity 16.6  18.1  
Moderate to vigorous physical activity 6.4  6.0  

     
Recalculated outcomes present study     
Patients, % of time in     

Sedentary behaviour 88.4  88.4  
Light physical activity 2.4  3.4  
Moderate to vigorous physical activity 9.2  8.2  
     

Comparison group, % of time in     
Sedentary behaviour 84.3  84.3  
Light physical activity 3.4  4.9  
Moderate to vigorous physical activity 12.3  10.8  
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DISCUSSION
To our knowledge, this is one of the first studies measuring sedentary behaviour and physical 
activity using accelerometry in a large group of hospitalised patients with severe mental 
illness. These measurements showed significantly lower total activity counts per hour in 
patients than in the comparison group. Moreover, the patients were sedentary on average 
84% of their awake time. These findings are in line with other studies in this population which 
used self-reports to measure physical activity [44,46,41]. However, only one accelerometer 
study with inpatients was included in the meta-analysis of Stubbs. That study [36] was based 
on a relatively small group of 30 participants with schizophrenia, with an unknown propor-
tion of them being outpatients in a day hospital programme. Razavi et al. [32] also used 
actigraphy in a population with psychiatric inpatients suffering from major depression in a 
first or recurrent episode. They showed that actigraphy was more precise in reflecting the 
motor activity parameters of the Hamilton Depression Rating Scale than the score of experts. 
However, comparison with our study is limited due to the actigraph type, method of registra-
tion and wear-time. It is noteworthy that in our study not only participants with schizophrenia 
were included but also a minority with other diagnoses, for instance major depression, as a 
result of a broad definition of a patient with severe mental illness [48]. 

Consequently, our accelerometer study contributes to the field, not only due to our relatively
large group of inpatient participants with severe mental illness, but also due to our relatively 
precise accelerometry measurements of sedentary behaviour and physical activity. As men-
tioned by Bassett et al. [2], registration with an accelerometer gives a more reliable and 
detailed representation of the activity levels in a variety of domains and more accurate regi-

 

 Model 1  Model 2 
Variable B SE B 95% CI  B SE B 95% CI 
   Min Max    Min Max 
Way of attachmenta -6464.55** 2167.77 -10487.83 -2213.72  -2995.26 1982.90 -6738.30 1060.34 
Genderb      -1382.26 1961.87 -5242.74 2256.41 
Age      -531.24** 95.67 -718.73 -346.54 
Diagnosisc          

Schizophrenia      4223.27 2508.24 -341.26 9043.94 
Personality disorder      -7.83 2738.48 -5154.41 5306.02 
Depressive disorder      1746.34 6109.31 -9347.07 13279.47 
Bipolar disorder      5319.01 5720.52 -4635.89 15853.59 

Years of hospitalisation      12.09 78.85 -132.52 148.64 
Severity of illness      -1165.54 818.13 -2742.86 563.31 
Body Mass Index      -85.16 144.60 -385.67 182.60 
Antipsychoticsd          

First generation       -2984.31 2027.87 -6842.74 1250.14 
Second generation      -1289.85 1992.05 -4990.78 2566.89 

Antidepressants      717.59 1945.29 -2935.69 4290.83 
R2 .05  .33 
R2

Adj. .04  .28 
F 8.77*  6.33** 

Table 6.5 Hierarchical regression for the total activity counts per hour (bias-corrected and accelerated 
bootstrap, 1000 samples; N = 184).
Note. significant coefficients are bold.
a strap between belt loops = 0, pouch = 1. 
b men = 0, women = 1. 
c reference group: ‘other diagnosis’. d reference group: ‘both generation antipsychotics’. 
*p  <  0.01.  **p  ≤  0.001.
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stration of sedentary behaviour and random physical activity in the lower spectrum of 
intensity. The recent accelerometer studies of Chen and Stubbs [9,39] also showed that in-
patients with schizophrenia in Taiwan spend significantly less time in light physical activity 
and moderate-to-vigorous physical activity than a comparison group without the disease. 
However, data from that study are difficult to compare with those from our study. Not only 
did they use wrist-worn and hip-worn accelerometers [35], but also a binary split into low 
(< 581.1 min per day) and high sedentary behaviour (>581.1 min per day) instead of the three 
intensities sedentary, light physical activity and moderate-to-vigorous physical activity used 
in our study. Although the authors emphasized the importance of separating sedentary 
behaviour from light physical activity, no similar data on sedentary behaviour are available. 
Moreover, severity of illness has not been standardized internationally, which also results in 
poor comparability between patient samples. Finally, their patients were younger (mean age 
of 44 compared to 57.4 in our study), had a lower BMI (24.3 compared to 27.8), and had 
fewer years of hospitalisation (14.2 months compared to 13 years). However, the direction of 
the findings is comparable with our study. Their  advice was also to engage patients in more 
light activity instead of sedentary behaviour.       
                                                                       
No guidelines are currently available for sedentary behaviour, but relative to other accelero-
metry data we can conclude that the percentage of sedentary time is very high in this popu-
lation. Based on these findings, we suggest making it priority to reduce sedentary behaviour 
in this population in favour of light physical activity. The shift from sedentary behaviour to 
light physical activity implies a relatively moderate increase in activity. In clinical practice 
this can be accomplished by a broad multidisciplinary lifestyle intervention programme.

Several of our outcomes were unexpected. First, we found an association only between se-
dentary behaviour and age, and no association with antipsychotic medication regarding the 
sedative and metabolic side-effects of this medication. Chen et al. [9] and Stubbs et al. [39] 
also found no association between physical activity and chlorpromazine equivalents. 
Future intervention studies that aim to decrease sedentary behaviour could look for possi-
ble associations with changes in clinical variables. In particular, further study of the effect 
of psychotropic medication on sedentary behaviour is necessary [40]. 

A second unexpected outcome was that we found no differences in sedentary behaviour and 
physical activity between men and women. This differs from findings in previous studies with 
less severely mentally ill populations, such as outpatients in regular health care [23]and out-
patients with severe mental illness [12], but is in line with the findings of the abovementioned 
studies of Chen et al. [9] and Stubbs et al. [39] in an inpatient population. It is possible that 
gender has less association with activity levels in patients who are hospitalized for a long time. 
However, because of the significant difference in gender between our participant group, the 
group excluded from the analysis and the comparison group (both included predominantly 
women), studies with more patients are necessary to make stronger statements about this 
finding.

A third unexpected outcome concerns sedentary behaviour of the comparison group of 
employees. Even the adjusted data based on the vertical axis showed that they spent more 
time in sedentary behaviour (84.3%) than older adults with mobility issues (78.5%) [16] 
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and elderly patients with mild-to-moderate Parkinson disease (75.9%) [3]. These studies 
provided reliable data for comparison concerning the transparency in the settings of handling
 and processing accelerometer data. Nevertheless, the exclusion of hours with less than 54 
minutes of data registration in the study of Benka Wallen et al. [3] and our choice of using a 
sampling frequency of 100Hz instead of 30Hz in both comparison studies may have resul-
ted in more sedentary behaviour counts in our study. Other possible differences in these 
studies (e.g. attachment methods, time standardisation, environment and culture) could also 
have caused bias. In addition, using only the vertical axis may not be the most suitable mea-
surement to compare the activity intensities of these different groups. However, our data still 
strongly support the initiatives that involve staff in lifestyle interventions in mental health care.

Our study has several limitations concerning study design, methodological considerations, 
data comparison and disease characteristics of the population. First, the cross-sectional 
design offers valuable information about associations between the various parameters, but 
does not allow any interpretations about potential causal relationships.

Second, methodological and technical limitations are due to the lack of literature on accele-
rometer-based data in this specific inpatient population for physical activity and sedentary 
behaviour. As a result, no validated settings are available for collecting and processing the 
accelerometer data of these patients, such as sampling frequency, wear time, time intervals 
(epochs) and cut-points. Although we used a high sampling frequency of 100Hz to obtain 
detailed data to prevent the loss of vigorous acceleration in data processing that occurs with 
lower frequencies (e.g. the default 30Hz), the high frequency can cause bias by additional 
activity counts that escaped the band-pass filter while processing data. Consequently, we 
may have overestimated the percentage of vigorous activity. This could mean that physical 
activity among our participants was even worse than reported.

Third, our minimum wear time for accelerometer data (six hours for at least three days) was 
less than the advised 10h a day [42]. However, many patients have irregular circadian rhythms, 
resulting in fewer hours of valid wear time. Therefore, we followed the daily schedule on most 
wards to determine the minimum wear time per day and the specified timeframe (09:00 
a.m. – 10:00 p.m.), to be able to compare data between patients. 

Concerning time intervals, 1-second epochs were chosen because longer time intervals result 
in a higher likelihood of misclassifying daily activity [28]. To determine wear time, we fol-
lowed the guidelines of Choi et al. [10], which stated that 1-second epochs result in the fewest
misclassifications. 

A fourth limitation consisted of the choice of cut-off points, because this differs according 
to the accelerometer model, firmware version, settings and the age of the subjects (due to 
differing energy expenditure) [11,21,43,17]. Moreover, existing cut-off points are mostly based 
on uni-axial measurement, while recent research states that a combination of three axis 
(Vector Magnitude) produces more accurate results [33]. We used the cut-off points based 
on the vector magnitude values of an almost identical accelerometer (ActiGraph GT3X), and 
we made a distinction in cut-off points between adults and elderly people, which turned 
out to be the best way to define sedentary behaviour [25,8]. 
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As mentioned above, a variety of accelerometers and preferred settings are available for data 
collection and processing (e.g. sampling frequency, epoch length, use of uni-axial or tri-axial 
data, wear-time validation and cut-off points). However, standardisation and consensus is 
urgently needed to improve comparability because studies use different methods which are 
often poorly reported, making comparison difficult. By using total activity counts, which was 
recently suggested to reach a better standard for comparability between studies [2], we took 
initial steps towards more comparable accelerometer data. Although we had to use total 
activity counts/hr instead of total activity counts/day as a result of the limited wear time, 
studies in which it is possible to measure ‘a day’ can translate their total activity counts per 
day into hours to compare their results with ours. In addition, due to the severity of mental
illness in this population, we had to develop new ways to attach the accelerometers in order 
to minimize discomfort. It is possible this might have caused not fully comparable data, be-
cause we did not validate these methods. 

A final limitation concerns our decision to not use self-reporting in our study, which prevents 
comparability with accelerometry data. We did this because self-reports are not reliable 
measuring instruments in this population [37] due to illness severity and cognitive deficits. 
Also, because the burden of wearing an accelerometer for this population was already high, 
we decided to use the nurse observation scale [13] instead.

CONCLUSION
This accelerometer study has shown that hospitalized patients with severe mental illness are 
very sedentary and physically inactive. In this population, registration of sedentary behaviour 
and physical activity with accelerometers is probably more accurate and reliable than self-
reporting and is therefore preferable. In addition, this approach enables the standardization 
of settings, which is required to provide future research in a comparable population with an 
accurate method to measure sedentary behaviour and physical activity. Standardized and 
longitudinal objective measurement of sedentary behaviour and physical activity in this 
patient group is needed to confirm the current prevalence data, combined with a suitable 
control group, to study potential causal relationships. Considering the well-known comorbi-
dities in this population, resulting in greatly decreased life expectancy, reducing sedentary 
behaviour and improving physical activity should be a high priority.
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Chapter 7    Physical activity and quality of life in long-term hospitalized patients with severe mental       
                       illness: a cross-sectional study

ABSTRACT
Background
Increasing physical activity in patients with severe mental illness is believed to have positive 
effects on physical health, psychiatric symptoms and as well quality of life. Till now, little is 
known about the relationship between physical activity and quality of life in long-term hospi-
talized patients with severe mental illness and knowledge of the determinants of behavioural 
change is lacking. The purpose of this study was to elucidate the relationship between 
objectively measured physical activity and quality of life, and explore modifiable psychological 
determinants of change in physical activity in long-term hospitalized patients with severe 
mental illness.

Methods
In 184 inpatients, physical activity was measured using an accelerometer (ActiGraph GTX+). 
Quality of life was assessed by EuroQol-5D and WHOQol-Bref. Attitude and perceived self-
efficacy towards physical activity were collected using the Physical Activity Enjoyment Scale 
and the Multidimensional Self Efficacy Questionnaire, respectively. Patient and disease 
characteristics were derived retrospectively from electronic patient records. Associations and 
potential predictors were analysed using hierarchical regression.

Results
Physical activity was positively related with and a predictor of all quality of life outcomes 
except on the environmental domain, independent of patient and disease characteristics. 
However, non-linear relationships showed that most improvement in quality of life lies in the 
change from sedentary to light activity. Attitude and self-efficacy were not related to physical 
activity.

Conclusions
Physical activity is positively associated with quality of life, especially for patients in the 
lower spectrum of physical activity. An association between attitude and self-efficacy and 
physical activity was absent. Therefore, results suggest the need of alternative, more integrated 
and (peer-)supported interventions to structurally improve physical activity in this inpatient 
population. Slight changes from sedentary behaviour to physical activity may be enough to 
improve quality of life. 
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BACKGROUND  
Research into lifestyle-related factors in patients with Severe Mental Illness (SMI) is increa-
sing. Efforts often focus on physical health, consistent with the highly prevalent metabolic risk 
factors [1] that underlie the well-known poor cardiovascular health and premature mortality 
gap of at least 10-20 years compared to the general population [2, 3]. Recent systematic 
reviews and meta-analyses showed beneficial effects of increasing physical activity (PA) on 
physical health, psychiatric symptoms, global functioning, and quality of life (QoL) [4-7]. 
These are relevant findings, especially for long-term hospitalized patients with SMI, given the 
combination of a strong negative relationship between illness duration and QoL [8] and a high 
level of sedentariness in this population [9]. 

Although QoL is a complex construct influenced by multiple factors [10], these recent findings 
positively support PA as an important modifiable factor affecting patients’ QoL. 
However, until now little is known about the relationship between objective measured PA 
and QoL in long-term hospitalized patients with SMI and most of the studies in the referred 
systematic reviews and meta-analyses involved outpatient- or short term hospitalized popu-
lations. Objective PA measurement of patients with long-term hospitalization due to their 
illness severity remains a challenge and just a few studies succeeded in such measurements 
at larger scale [9, 11, 12]. 

Also, despite growing awareness of the positive effects of increasing PA in patients with SMI, 
no clear answer exists on how to motivate patients with SMI to structurally engage in PA [13]. 
In addition, the hospital setting has been considered ‘obesogenic’ and a cause of inactivity 
itself [14, 15]. A long term stay therefore negatively affects PA due to regulated inactivity. 
More knowledge of determinants of change in PA in this population is needed. The Theory 
of Planned Behaviour [16], a basic social-cognitive model, provides insight into such deter-
minants. It distinguishes attitudes towards the desired behaviour and its outcomes, subjective
norms (perceived social pressure and (dis)approval of certain behaviours) and perceived 
behavioural control [16], also defined as self-efficacy [17]. These determinants are assumed 
to affect one’s intention to perform the given behaviour, which is hypothesized to be the im-
mediate antecedent of the actual behaviour (e.g. being more physically active). Especially in 
long-term mental healthcare, it is important to gain more insight into psychiatric and psycho-
logical determinants of PA to guide activation [18]. However, in SMI patients the abovemen-
tioned subjective norms and the ability to consciously establish intentions towards behaviour 
are affected by a lack of insight into their condition, poor skills in cognitive empathy and 
planning deficits [19-21]. Therefore, we decided to explore attitude and self-efficacy as 
determinants with the greatest potential to influence the result of treatment. To our knowledge, 
these determinants are rarely studied in a SMI population and have never been associated 
with objectively measured PA. 

The aim of our study was to (A) analyse the relationship between objectively measured PA 
and QoL in long-term hospitalized patients with severe mental illness and (B) explore to what 
extent attitude and self-efficacy are related to the level of PA in this population. 
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METHODS
Participants 
Subjects were long-term hospitalized patients with SMI of a psychiatric hospital in The Nether-
lands for whom we provide mental healthcare and residence if they are unable to live 
independently or in sheltered homes. Inclusion criteria were age ≥18, hospitalized ≥1 year 
and treatment history ≥2 years. For the current study, we used accelerometer data previously 
reported by Kruisdijk et al [9]. In this relevant study, forty-four patients were excluded 
because of no informed consent (n=26), unstable psychiatric or physical conditions (n=17) 
or relocation (n=1). Of the 207 included patients, 23 dropped out because of a lack of required 
wear time (n=19), losing their accelerometer (n=2), discharge during the study period (n=1) 
or an acute episode of illness (n=1). In total 184 patients were included with sufficient acce-
lerometer data, that we used in analysis in the current study, which was approved by the 
Central Committee on Research Involving Human Subjects (CCMO). After extensive verbal 
explanation per ward, taking understandable comments due to the mental illness into account 
(e.g. fear, suspicion and psychotic thoughts), written informed consent was obtained from all 
subjects who understood the intent of the study and were willing to participate.

Procedures
To measure PA, subjects wore an accelerometer (ActiGraph GT3X+) for five consecutive days 
(Wednesday morning to Sunday evening) except while sleeping or during water related 
activities [9]. Questionnaires for QoL and attitude and self-efficacy as determinants of change
in PA were added to the routine health screening and conducted by a trained research assis-
tant in a semi-structured interview. The average duration of a screening was 20-30 minutes, 
depending on the specific patient. If needed, the screening was split up into two appointments 
(e.g. due to a limited attention span). 

Measurements
Patient- and disease-specific characteristics
Gender, age, years of hospitalization, diagnosis, illness severity and use of medication were 
derived retrospectively from electronic patient records. Primary diagnoses were classified 
following the DSM-IV-TR in main groups of the most frequent diagnoses: schizophrenia and
other psychotic disorders, personality disorders and affective disorders. Less frequent diag-
noses were merged in ‘others’. Furthermore, affective disorders were split into depression 
and bipolar disorder. Use of antipsychotics was split into first, second or both generations, 
because the difference in side-effects (movement disorders and metabolic side-effects, 
respectively) may have an effect on the activity level. Severity of illness was measured by the 
Dutch translation of the severity-scale of the Clinical Global Impression Scale [CGI, 22], rating 
from 1 (normal, not at all ill) to 7 (among the most extremely ill patients).

Physical activity
The ActiGraph GT3X+ (ActiGraph, Pensacola, Florida, VS) was used to measure PA. 
The accelerometers were worn on the right hip with an elastic strap between two belt loops. 
Patients without belt loops used a pouch pinned at the same place. A wear time of ≥6 hours/
day for ≥ 3 days was used as the criterion for sufficient measurement. To be able to compare 
individual data, the same timeframe was used for each dataset: 09.00 am till 10.00 pm. 
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Data were analysed using the ActiGraph software ActiLife 6.8.0 and calculated into average 
total activity counts per hour (TAC/h) as a continuous and detailed outcome variable of PA, 
where more counts indicate a higher level of PA. For detailed information on used settings 
and criteria, see Kruisdijk et al [9]. The GT3X+ has a high inter- and intra-instrumental 
reliability and validity [23-25]. 

Quality of life  
The Dutch versions of the EuroQol 5D (EQ-5D) and brief World Health Organization Quality 
of Life Assessment scale (WHOQoL-Bref) were used to assess QoL. As a generic instrument, 
the EQ-5D measures five dimensions of health (one item each): mobility, self-care, usual 
activities, pain/discomfort and anxiety/depression, rated from 1 (no problems) to 3 (many 
problems). The added value of the EQ-5D is the calculation of an index score ranging from 0 
(worst QoL) to 1 (perfect QoL) using the Dutch value-set based on time-trade-off weightings 
of a representative Dutch sample [26]. The EQ-5D is a valid instrument to measure QoL in 
patients with a diagnosis of schizophrenia [27].

Because the EQ-5D is recommended to be used complementary to other instruments [28] and 
physical disability and poor daily functioning not necessarily mean that the particular patient 
has a poor QoL [29], we added the WHOQoL-Bref. This questionnaire focuses on ones’ 
perceived QoL, including 24 items divided in four domains: physical (7 items), psychological 
(6 items), social (3 items) and environmental (8 items). In addition, there are two items that 
individually score one’s overall perception of QoL and satisfaction with his/her health. 
Items are scored on a five-point Likert scale (1 to 5; e.g. from ‘very dissatisfied’ to ‘very 
satisfied’). Scores were transformed into domain scores ranging from 4 to 20, according to 
the WHO guidelines. The WHOQoL-Bref is the most often used QoL-instrument in studies 
investigating patients with a diagnosis of schizophrenia [30] and showed good to excellent 
reliability and validity in these patients in long-term mental healthcare [31] and in Dutch 
outpatients with psychiatric disorders [32]. In the present study, we found a sufficient internal 
consistency in the separate domains: physical (α = 0.74), psychological (α = 0.82), social 
(α = 0.63) and environmental (α = 0.72). 

Attitude & self-efficacy towards physical activity
For these measures, no validated Dutch questionnaires were available for this population. 
Therefore, attitude was measured using the Dutch version of the Physical Activity Enjoyment 
Scale [PACES; 33], previously used in the general population [34]. It includes 18 dichotomous 
statements regarding the participants’ thoughts about physical activities they do (or used to 
do). Items are scored at a Likert-scale from 1 to 7 whereby participants choose the number 
that most closely corresponds to the way they feel (e.g. ‘I feel bored’ vs. ‘I feel interested’). 
Eleven items are formulated negatively. After recoding these items, a sum-score was calculated, 
with a higher score representing a more positive attitude towards PA (range 18-126). In the 
present study, the questionnaire showed a high internal consistency (α = .97). 
Self-efficacy was measured with a questionnaire based on the Multidimensional Self Efficacy 
Questionnaire [MSEQ; 35]. Originally, this questionnaire comprised 18 items measuring the 
extent to which a patient feels able to be physically active (e.g. ‘I am confident in my ability 
to exercise when I am under a lot of stress’). Items are scored on a Likert-scale from 1 (totally 
unable) to 5 (totally able). For use in the present study, the questionnaire was translated 
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(once forwards) into Dutch. To avoid unduly burdening patients with irrelevant questions and 
to have a questionnaire in line with the treatment conditions, some adjustments were made. 
First, using understandable terminology towards patients, we replaced the word ‘exercise’ 
by ‘be physically active’. Secondly, due to the inpatient setting, the item regarding PA when 
traveling became unnecessary and was deleted, and items referring to several social situations 
were reduced to one item focusing on the situation at the treatment group (I am confident 
in my ability to be in PA when my fellow group members don’t want me to go to physical 
activities). Finally, one of the three items regarding cold weather conditions was adjusted 
into an item on hot weather, in order to involve summer conditions. A sum score was used 
with a higher score representing a higher self-efficacy towards PA (range 15-75). In the 
present study, the adjusted questionnaire showed a high internal consistency (α = 0.92).

Statistical analysis
Data analyses were performed using SPSS 22.0. Continuous variables were examined for 
normality and homogeneity by comparing means with medians and standard deviations, 
and by analysing frequency histograms and normality plots. Linearity was examined by 
scatterplots and analysing the variables in quartiles. If variables were not distributed 
linearly with respect to the dependent variables, they were added as quartiles in the analysis, 
with the first quartile as reference-category. Categorical variables (diagnosis and types of
antipsychotics) were transformed into dummy variables. ‘Schizophrenia and other psychotic 
disorders’ and ‘first generation antipsychotics’ were the reference groups for diagnosis and 
antipsychotics, respectively.

Relationships between the independent (PA, attitude or self-efficacy) and dependent variable
(QoL outcomes or PA) were analysed using linear regression. First, analyses focused on these 
associations specifically. To estimate these associations as accurately as possible, it was
checked whether patient and disease characteristics affected the relationship. This confoun-
ding was defined as a change of ≥10% in the regression coefficient of the particular indepen-
dent variable (e.g. PA) when adding a patient or disease characteristic. The strongest 
confounder was added to the model to control for, until there were no variables left causing 
≥10% change in the regression coefficient. For the analysis of PA, we also controlled for the 
way of attachment of the accelerometer. Associations were considered significant at a 0.05 
two tailed significance level. Then, regardless of any specific association, significant predictors 
of QoL and PA were analysed using multiple regression with manual backward elimination 
retaining only the strongest predictors (p < 0.10). Proportions of explained variance were 
reported to give an indication of the predictive power of these models. Multicollinearity was 
examined by observing regression coefficients (e.g. change of direction when adding varia-
bles) and collinearity statistics (VIF > 10 and tolerance < 0.2). Because PA is represented in 
large numbers by total activity counts per hour, the variable was standardized (each value 
subtracted by the mean total activity counts per hour and divided by its SD) to use as 
independent variable in analysis towards QoL, in order to optimize readability. 
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RESULTS
Table 7.1 shows the characteristics of the 184 participants. They were between 25 and 91 
years old and hospitalized with a minimum of one and a maximum of 58 years. 

Variable (scale)    Mean (SD)        N (%) 
Gender (men)   108 (58.7) 
Age (years)  57.4 (12.8)   
Diagnosis     

Schizophrenia and other psychotic disorders   142 (77.2) 
Personality disorder   17 (9.2) 
Mood disorder     

Depressive   6 (3.3) 
Bipolar   7 (3.8) 

Othersa   12 (6.5) 
Years of hospitalization, median (25 - 75 percentile)b 6.0 (4.0 - 21.8)   
Severity of illness (range 1-6) 4.7 (1.4)   
Medication     

Antipsychotics     
First generation   36 (19.6) 
Second generation   70 (38.0) 
Both   73 (39.7) 

Antidepressants   82 (44.6) 
TAC/h  24527 (14821)   
EQ-5D index score (0-1)  0.6 (0.3)   
WHOQoL-Bref      

Overall QoL rating (1-5) 3.5 (0.9)   
Health satisfaction rating (1-5) 3.4 (1.1)   
Physical domain (4-20) 13.6 (2.7)   
Psychological domain (4-20) 13.1 (3.1)   
Social domain (4-20) 13.1 (2.9)   
Environmental domain (4-20) 14.9 (2.1)   

Attitude towards PA (18-126)  76.6 (26.8)   
Self-efficacy towards PA (15-75)  41.2 (14.6)   

 
Table 7.1 Patient and disease characteristics, physical activity, quality of life, attitude and self-efficacy (N = 184)
TAC/h = average Total Activity Counts per hour; QoL = Quality of life; EQ-5D = EuroQol five-dimension questionnaire; 
WHOQoL-Bref = World Health Organization Quality of Life questionnaire, brief version. 
a Delirium, dementia, and amnestic and other cognitive disorders (n = 3); substance-related disorders (n = 3), 
  somatoform disorders (n = 2); mental disorder not otherwise specified (n=2); anxiety disorder (n =1); develop-
  mental disorder (n=1).
b Positively skewed distribution.
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Physical activity and quality of life
When examining scatterplots, we found that PA was non-linearly distributed towards QoL. 
Although there was no obvious alternative shape of the distribution (e.g. quadratic), smoo-
thing a line using Locally Estimated Scatterplot Smoothing (LOESS) [36] clearly visualized 
that QoL did not constantly increase with more PA (Figure 7.1). Coefficients of PA quartiles 
confirmed this finding (Table 7.3). Because of this non-linearity, quartiles were used in the 
regression analysis, with the lowest quartile (Q1) as reference group. To support interpretation 
of the results, Table 7.2 provides insight into means of activity counts and corresponding 
intensities within the quartiles, according to age-specific cut-off points for tri-axial 
measurement [37-39].

Quartile 
TAC/h  Intensitiesc 

Mean (SD) minb maxb  % SB % LPA % MVPA 
Q1a 8260 (2938) 2518 12840  92.2 6.2 1.6 
Q2 18136 (2973) 13350 22317  86.0 10.1 3.9 
Q3 27160 (2663) 22566 31469  81.9 11.7 6.4 
Q4 44553 (11814) 31702 83698  74.4 14.0 11.6 

 
Table 7.2 Average total activity counts per hour and proportions of wear time in intensities within quartiles
Q = Quartile (n=46); TAC/h = average Total Activity Counts per hour; SB = Sedentary Behaviour; LPA = Light 
Physical Activity; MVPA = Moderate to Vigorous Physical Activity. 
a reference group in analysis.
b minimum and maximum average TAC/h (patient) within the quartile.
c mean percentage of wear time that patients within the quartile spend in: SB [<150], LPA [151–3207], MVPA   
  [≥3208; but ≥2751 for 65 years or older] [37-39]. Thresholds in counts per minute.
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Table 7.3 shows the associations between PA (total activity counts per hour) and QoL with 
the corresponding confounders, reflected in regression coefficients for the particular asso-
ciations and F-values for the models as a whole. There were significant positive associations 
between PA and the EQ-5D index score and WHO overall, physical, psychological and social 
QoL. For overall QoL and the psychological and social domains, patients with PA levels in the 
lower spectrum (Q2) had the best QoL and the QoL of the most active patients (Q4) differed 
less from the least active patients (Q1, reference group). This corresponds to the shapes of 
distribution in the uncorrected data, showing a (small) increase which then runs off. There 
were no significant associations with health satisfaction and environmental QoL.

 

 

Figure 7.1 Non-linear distributions between physical activity (TAC/h) and Quality of Life (QoL) variables 
Explored using scatterplots and LOESS Curves (Kernel: Epanechnikov, = 0.5) on standardized axis. TAC/h x1000. 
TAC/h = average Total Activity Counts per hour; QoL = Quality of Life; LOESS = Locally Estimated Scatterplot 
Smoothing; EQ5D = EuroQol-5D; WHO = World Health Organisation
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The multiple regression with backward elimination showed PA to be a significant predictor 
for the EQ-5D, WHO overall QoL, health satisfaction and the physical, psychological and social 
domains (Table 7.4). Regression coefficients for the prediction of the WHO overall, psycho-
logical and social QoL showed the strongest relationships for the lower spectrum of activity 
(Q2). This confirmed the distributions we found earlier (Figure 7.1). 

  Corrected for  Uncorrected  Corrected 
Variable A B C D E F G  B (95% CI) F  B (95% CI) F 
Associations between physical activity (TAC/h) and QoL 
EQ-5D index score  B  D       3.89*    4.81*** 

Q2         0.16* (0.03 – 0.28)   0.18** (0.06 – 0.31)  

Q3         0.14* (0.01 – 0.26)   0.18** (0.05 – 0.31)  

Q4         0.20*
* 

(0.08 – 0.33)   0.19** (0.05 – 0.33)  

WHOQoL-Bref                

Overall QoL rating  B  D       2.78*    3.20** 

Q2         0.54*
* 

(0.17 – 0.92)   0.60** (0.21 – 0.98)  

Q3         0.30 (-0.07 – 0.68)   0.40* (<0.01 – 0.81)  

Q4         0.33 (-0.05 – 0.70)   0.35 (-0.08 – 0.78)  

Health satisfaction rating  B C D       1.04    2.62** 
Q2         0.39 (-0.07 – 0.85)   0.47 (-0.01 – 0.94)  

Q3         0.26 (-0.20 – 0.72)   0.44 (-0.05 – 0.93)  

Q4         0.30 (-0.16 – 0.77)   0.50 (-0.03 – 1.02)  

Physical domain A B C D       2.75*    3.72*** 
Q2         1.06 (-0.02 – 2.13)   1.18* (0.10 – 2.26)  

Q3         1.18* (0.10 – 2.26)   1.66** (0.54 – 2.79)  

Q4         1.47*
* 

(0.39 – 2.54)   1.50* (0.31 – 2.69)  

Psychological domain A B  D   G    0.90    5.22*** 
Q2         0.88 (-0.39 – 2.15)   1.35* (0.11 – 2.59)  

Q3         0.45 (-0.82 – 1.72)   1.01 (-0.29 – 2.31)  

Q4         -0.03 (-1.30 – 1.24)   0.45 (-0.93 – 1.83)  

Social domain  B C        2.06    2.06* 
Q2         1.42* (0.23 – 2.62)   1.46* (0.19 – 2.73)  

Q3         1.13 (-0.07 – 2.33)   1.38* (0.07 – 2.69)  

Q4         0.75 (-0.44 – 1.95)   1.27 (-0.12 – 2.67)  

Environmental domain A B C D E F     0.18    1.37 
Q2         0.23 (-0.66 – 1.12)   0.04 (-0.92 – 0.99)  

Q3         0.29 (-0.60 – 1.18)   0.21 (-0.78 – 1.19)  

Q4                 0.08 -0.81 – 0.97)     -0.16 (-1.20 – 0.89)   
Associations between attitude and self-efficacy and physical activity (TAC/h) a 

Attitude towards PA  B  D     83.60
* 

(3.58 – 163.62) 4.25*  36.54 (-34.91 – 107.99) 14.09*** 

Self-efficacy towards PA  B C         82.52 (-64.98 – 230.01) 1.22   67.39 (-59.69 – 194.48) 11.24*** 

 
Table 7.3 Associations between outcomes, uncorrected and corrected for confounding patient and disease 
characteristics
Significant results shown in bold. A, gender; B, age; C, diagnosis; D, illness severity; E, years of hospitalization; F, use 
of antipsychotics; G, use of antidepressants. B = regression coefficient; Q = Quartile (n=46); TAC/h = average Total 
Activity Counts per hour. 
*p < 0.05. **p < 0.01. ***p < 0.001. 
a also corrected for the way of accelerometer-attachment.
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Measure B 95% CI F R2 R2Adj. 
Predicting EQ-5D index score 
Overall model   6.76**** 0.16 0.14 
TAC/h      

Q2 0.16*** (0.05 – 0.28)    
Q3 0.15** (0.04 – 0.27)    
Q4 0.17*** (0.05 – 0.28)    

Gender      
Illness severity      
Predicting WHO overall QoL rating 
Overall model   5.18**** 0.13 0.10 
TAC/h      

Q2 0.56*** (0.20 – 0.92)    
Q3 0.35* (-0.01 – 0.71)    
Q4 0.22 (-0.14 – 0.59)    

Gender      
Illness severity      
Predicting WHO health satisfaction rating 
Overall model   2.74*** 0.19 0.12 
TAC/h      

Q2 0.48** (0.01 – 0.95)    
Q3 0.41 (-0.08 – 0.90)    
Q4 0.50* (-0.02 – 1.01)    

Agea      
Diagnosis      
Illness severitya      
Antidepressants      
Predicting WHO physical QoL domain 
Overall model   3.72**** 0.24 0.17 
TAC/h      

Q2 1.18** (0.10 – 2.26)    
Q3 1.66*** (0.54 – 2.79)    
Q4 1.50** (0.31 – 2.69)    

Agea      
Gender      
Diagnosis      
Illness severitya      
Predicting WHO psychological QoL domain 
Overall model   3.85**** 0.23 0.17 
TAC/h      

Q2 1.09* (-0.16 – 2.35)    
Q3 0.90 (-0.39 – 2.20)    
Q4 0.30 (-1.07 – 1.68)    

Age      
Gender      
Diagnosis      
Illness severity      
Use of antipsychotics      
Use of antidepressants      

Explained variance (R2
Adj) of the models of these significant predictors ranged between 8% 

and 17%. The level of PA was no significant predictor for environmental QoL, which was 
predicted by years of hospitalization, illness severity and use of antipsychotics (F = 3.91, p 
< 0.01, R2

Adj = 0.06). 

Table 7.4 Multiple regression models with significant predictors of quality of life (p < 0.10), using backward-
selection
Significant results shown in bold. TAC/h = average Total Activity Counts per hour; Q = Quartile (n=46). 
*p < 0.10. ** p < 0.05. *** p < 0.01. *** p < 0.001.
a  In quartiles.
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Attitude and self-efficacy and physical activity
Table 7.3 shows the associations between attitude and self-efficacy and PA, reflected in re-
gression coefficients for the particular associations and F-values for the models as a whole. 
After correction, there were no significant associations. In parallel, attitude and self-efficacy 
were not significant predictors of PA in multiple regression. Of all patient and disease charac-
teristics, only age was a significant predictor (F = 38.66, p < 0.001, R2

Adj = 0.29).

DISCUSSION
This study clearly showed that (A) PA was positively associated with QoL and a significant 
predictor of overall, physical, psychological and social QoL, and (B) there was no association 
between attitude and self-efficacy and PA, contrary to what we expected. These findings are 
summarized in figure 7.2. 

 

p<0.01† 
p<0.05† 
p<0.10† 
non-significant 

Associations with QoL
The positive association with QoL needs to be discussed in more detail, as for overall, psycho-
logical and social QoL, relationships with PA were strongest for the patients classified in the 
second quartile. QoL of the most active patients was not significantly different from the QoL 
of the least active patients (reference group). As there were no big differences in daily 
programs during the week, weekend activities and approaching patients between wards, it 
is unlikely that this has affected results. Restlessness (caused by e.g. akathisia, which is well-
known in this population [40], anxiety or agitated depression) could however be a reason 
for high activity scores, while having a QoL below average. Nevertheless, adding presence of 
akathisia (which was available in the database and diagnosed by using the St. Hans Rating 
Scale [41]) to the models did not change the shape of the relations. Despite that an anxiety 

Figure 7.2 Summary of the relationships found, controlled for patient and disease characteristics*

(A): between physical activity and quality of life. (B): between attitude/self-efficacy and physical activity. 
TAC/h = average Total Activity Counts per hour; QoL = Quality of Life; EQ5D = EuroQol-5D; WHO = World Health 
Organisation.
*corrected for any added value to the prediction by gender, age, diagnosis, years of hospitalization, illness severity  
  and use of antipsychotics and antidepressants.
  †For at least one of the quartiles of TAC/h.
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disorder was diagnosed only once and a diagnosis of agitated depression is also rare in this 
population, anxious and agitated feelings are common within psychiatric patients. 
Especially these feelings can be reflected in perceived psychological and social QoL, which 
may have been more common in patients with relatively high PA scores within the current 
study. However, it seems that relevant improvement in QoL can be achieved by activating the 
most sedentary patients to do/perform more light intensity PA. Intervention studies are 
needed to analyse such possible causal relationships. Noteworthy are the relatively low levels 
of explained variance of the models of the significant predictors (8% – 17%). This reflects the 
complexity of QoL, whereby – apart from patient and disease characteristics and PA - many 
more factors may play a role. In the QoL analysis, PA was not related to environmental QoL, 
in both association and prediction models. Years of hospitalization, illness severity and use 
of antipsychotics were the only significant predictors of environmental QoL. This could be a
plausible finding for this population, since the hospitalized setting is a regulated environment 
itself, which is strongly related to one’s pathology and hardly affected by the individual level 
of physical activity. 

These findings show only limited agreement with earlier cross-sectional research on the 
relationship between PA and QoL in inpatients with SMI. Two studies showed self-reported 
PA to be (positively) associated only with physical QoL [42, 43], while two others found no 
significant associations with any QoL variable [8, 18]. These differences may have to do with 
the power in these studies (N=18 to 60) and the use of self-reports instead of objective mea-
surement of PA. 

It is important to perform research in specific SMI groups such as long-term hospitalized 
patients. Namely, the WHO QoL domain scores were on average 1.5 points higher compared 
to Dutch psychiatric outpatients and (just) 1.5 points lower than the general Dutch population 
(on a scale from 4 to 20) [44]. Because the QoL is not as low as we sometimes may assume 
in clinical practice and the non-linear relationships we found, the question is to what extend 
more PA can positively influence QoL in this hospitalized population. Current data suggests 
that slight increases in PA may be enough to improve QoL. 

Attitude/self-efficacy and physical activity
Results showed that SMI inpatients who have a positive attitude towards being physically 
active and feel able to do so, are not more active than SMI inpatients with a less positive 
attitude and lower self-efficacy. This might play a role in difficulties activating patients in 
clinical practice, taking into account that attempts to activate people often involve increasing 
attitude (e.g. telling them the importance and advantages of PA) and supporting self-efficacy 
(e.g. by facilitating them with home-trainers at the ward). A previous study showed similar 
results for self-efficacy, finding no association with exercise attendance in outpatients with 
SMI [45]. The idea that having a positive attitude and high self-efficacy towards PA not 
necessarily leads to increased PA, is described as the intention-behaviour gap [46]. In this 
population, a possible explanation for this gap could be a lack of competences to plan the 
actual activity, due to poor skills in cognitive abilities and systematic thinking [20, 21]. 
Also, based on clinical practice, other attitudes may play a role that compete with healthy 
behaviour (e.g. if a patient intended to take a walk but ends up with a fellow patient to smoke 
a cigarette). Nevertheless, although these factors may explain the lack of a relationship 
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between attitude and self-efficacy and PA, this finding guides the way in which we should 
activate this population. Implementation intentions whereby a person plans when, where 
and how to act in an if-then format [47] are assumed to improve the translation of one’s 
intention to actual behaviour. However, due to the planning deficits [21], this could be less
applicable in this population and a more intensive and guided approach might help to over-
come this gap. Support by positive staff attitudes, staff participation (modelling) and peer 
support are determined as essential factors to affect ones’ behaviour to achieve a maximum 
result with a lifestyle intervention in patients with SMI [48]. Recent systematic reviews on 
this subject encourage structural physical activities integrated in a multidisciplinary treatment 
[6, 13, 49]. Moreover, provided that the obesogenic environment will be changed using such 
an activating strategy, especially inpatient healthcare offers a lot of opportunities. 
The inpatient setting has the abilities to structurally activate patients to engage in PA and 
pay attention to the development of habits they can maintain when discharged from the 
hospital [49]. 

Strengths and limitations
So far, little is known about the level of PA of long-term hospitalized patients with SMI. The 
main strength of the present study is the use of objective measurement of PA in a relatively 
large group of long-term hospitalized patients with SMI [9] and involving modifiable psycho-
logical determinants. This leads to more reliable conclusions, independent of patient and 
disease characteristics. Accelerometer data are more reliable than self-reports due to psycho-
pathology and impaired cognitive abilities of patients [50] and better registration of the lower 
spectrum of PA intensity [51]. Besides, by measuring PA in daily clinical practice and by 
involving modifiable psychological determinants such as attitude and self-efficacy, results are 
very relevant for clinical practice. Especially, research towards specific groups can contribute 
to better treatment, such as in long-term hospitalized population with SMI. Findings, such as 
the QoL scores compared to outpatients and non-linear distributions, show us that patients 
with SMI in different settings also differ in relationships between PA and QoL and therefore 
need a different approach. 

The cross-sectional design of the present study does not allow the drawing of any conclusions 
about causality of the relationships. Another limitation is that there is no international 
consensus on how to set up and process accelerometer data. Besides, validated instruments 
to assess attitude and self-efficacy are not available in this population, because so far little 
research on this topic has been done in long-term hospitalized patients with SMI. The self-
efficacy questionnaire was slightly adjusted and translated to Dutch by people with excellent 
command of English, but we did not perform an extensive back and forth translation-procedure.
However, as shown in the method section, internal consistencies of the questionnaires were 
high. Moreover, the levels of explained variance of the models confirm the complex constructs 
of QoL, in which many individual aspects may play a role. Furthermore, in step-wise regres-
sion choices of elimination are based on the current data-set, which means that this 
procedure possibly reduced generalizability of the results. However, in our opinion this was 
the best way to achieve the maximum power of models to estimate and predict the relation-
ships as accurately as possible, taking our sample-size into account. 
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We encourage further research on this topic within hospitalized SMI patients, especially 
regarding the non-linear relationship between TAC/h and QoL. For example, it would be very 
relevant for clinical practice to know whether there is a causal relationship between high 
levels of PA and lower QoL. If this is the case, it must be taken into account in future interven-
tions aiming to improve the poor health status of this population by increasing PA. For such 
interventions, the lack of association between attitude and self-efficacy and PA suggests the
need of a more intensive and guided approach. Therefore, we think that long-term hospita-
lized patients with SMI will benefit from an integrated, multidisciplinary and peer supported 
approach focusing on a shift from sedentary behaviour to light intensity PA.

CONCLUSIONS
In summary, the current study showed a positive relationship between PA and QoL, especially 
for patients in the lower spectrum of PA. Although no causal relationship can be drawn, the 
data suggests that in long-term hospitalized patients with SMI slight increases in PA may be 
enough to improve QoL. The lack of association between attitude and self-efficacy and PA 
suggests the need of a more intensive and guided approach. We encourage further (longi-
tudinal) research to obtain more accurate insights on this topic, which remains priority in 
this population.



                     118 Physical Activity in Clinical Psychiatry Physical Activity in Clinical Psychiatry                     119

Chapter 7    Physical activity and quality of life in long-term hospitalized patients with severe mental       
                       illness: a cross-sectional study

REFERENCES
1.     Vancampfort D, Stubbs B, Mitchell AJ, De Hert M, Wampers M, Ward PB, Rosenbaum S, Correll CU.  
        Risk of metabolic syndrome and its components in people with schizophrenia and related 
        psychotic disorders, bipolar disorder and major depressive disorder: a systematic review and 
        meta-analysis. World Psychiatry. 2015;14(3):339-347.
2.     Walker ER, McGee RE, Druss BG. Mortality in Mental Disorders and Global Disease Burden Implications 
        A Systematic Review and Meta-analysis. Jama Psychiatry. 2015;72(4):334-341.
3.     Laursen TM, Wahlbeck K, Hallgren J, Westman J, Osby U, Alinaghizadeh H, Gissler M, Nordentoft M. 
        Life Expectancy and Death by Diseases of the Circulatory System in Patients with Bipolar Disorder 
        or Schizophrenia in the Nordic Countries. PLoS One. 2013;8(6).
4.     Dauwan M, Begemann MJH, Heringa SM, Sommer IE. Exercise Improves Clinical Symptoms, Quality of 
        Life, Global Functioning, and Depression in Schizophrenia: A Systematic Review and Meta-analysis. 
        Schizophr Bull. 2016;42(3):588-599.
5.     Rosenbaum S, Tiedemann A, Sherrington C, Curtis J, Ward PB. Physical activity interventions for people 
        with mental illness: a systematic review and meta-analysis. J Clin Psychiatry. 2014;75(9):964-974.
6.     Vera-Garcia E, Mayoral-Cleries F, Vancampfort D, Stubbs B, Cuesta-Vargas AI. A systematic review of the 
        benefits of physical therapy within a multidisciplinary care approach for people with schizophrenia: 
        An update. Psychiatry Res. 2015;229(3):828-839.
7.     Stubbs B, Williams JE, Gaughran F, Craig T. How sedentary are people with psychosis? A systematic 
        review and meta-analysis. Schizophr Res. 2016;171(1-3):103-109.
8.     Vancampfort D, Guelinckx H, Probst M, Stubbs B, Rosenbaum S, Ward PB, De Hert M. Health-related 
        quality of life and aerobic fitness in people with schizophrenia. Int J Ment Health Nurs. 2015;24(5):
        394-402.
9.    Kruisdijk F, Deenik J, Tenback D, Tak E, Beekman A-J, van Harten P, Hopman-Rock M, Hendriksen I. 
        Accelerometer-measured sedentary behaviour and physical activity of inpatients with severe 
        mental illness. Psychiatry Res. 2017;254:67-74.
10.  Awad AG, Voruganti LNP. Measuring Quality of Life in Patients with Schizophrenia. 
        Pharmacoeconomics. 2012;30(3):183-195.
11.  Chen LJ, Steptoe A, Chung MS, Ku PW. Association between actigraphy-derived physical activity and 
        cognitive performance in patients with schizophrenia. Psychol Med. 2016;46(11):2375-2384.
12.  Stubbs B, Ku PW, Chung MS, Chen LJ. Relationship Between Objectively Measured Sedentary Behavior 
        and Cognitive Performance in Patients With Schizophrenia Vs Controls. Schizophr Bull. 2016; doi: 
        10.1093/schbul/sbw126.
13.  Farholm A, Sørensen M. Motivation for physical activity and exercise in severe mental illness:
        A systematic review of intervention studies. Int J Ment Health Nurs. 2016;25(3):194-205.
14.  Ringen PA, Engh JA, Birkenaes AB, Dieset I, Andreassen OA. Increased mortality in schizophrenia due to 
        cardiovascular disease - a non-systematic review of epidemiology, possible causes, and interventions. 
        Frontiers in psychiatry. 2014;5:137-137.
15.  Faulkner GE, Gorczynski PF, Cohn TA. Psychiatric illness and obesity: recognizing the “obesogenic”
        nature of an inpatient psychiatric setting. Psychiatr Serv. 2009;60(4):538-541.
16.  Ajzen I, Madden TJ. Prediction of goal-directed behavior: Attitudes, intentions, and perceived behavioral 
        control. J Exp Soc Psychol. 1986;22(5):453-474.
17.  Fishbein M, Cappella JN. The role of theory in developing effective health communications. 
        J Commun. 2006;56:S1-S17.
18.  Bonsaksen T, Lerdal A. Relationships between physical activity, symptoms and quality of life among
        inpatients with severe mental illness. Br J Occup Ther. 2012;75(2):69-75.
19.  Brüne M. “Theory of mind” in schizophrenia: A review of the literature. Schizophr Bull. 2005;31(1):21-42.
20.  Dam J. Insight in schizophrenia: A review. Nordic journal of psychiatry. 2006;60(2):114-120.
21.  Holt DV, Wolf J, Funke J, Weisbrod M, Kaiser S. Planning impairments in schizophrenia: Specificity, task
        independence and functional relevance. Schizophr Res. 2013;149(1-3):174-179.
22.  Nolen WA. Globale Klinische Beoordeling (Clinical Global Impression: CGI).  Groningen: UMC; 1990.
23.  Jarrett H, Fitzgerald L, Routen AC. Interinstrument Reliability of the ActiGraph GT3X+Ambulatory 
        Activity Monitor During Free-Living Conditions in Adults. Journal of Physical Activity & Health. 2015;
        12(3):382-387.
24.  Gatti AA, Stratford PW, Brenneman EC, Maly MR. GT3X+ accelerometer placement affects the reliability 
         of step-counts measured during running and pedal-revolution counts measured during bicycling. 
        J Sports Sci. 2015;34(12):1-8.
25.  McMinn D, Acharya R, Rowe DA, Gray SRA, Allan JLA. Measuring activity energy expenditure: accuracy
        of the GT3X+ and actiheart monitors. International Journal of Exercise Science. 2013;3:217-229.
26.  Lamers LM, McDonnell J, Stalmeier PFM, Krabbe PFM, Busschbach JJV. The Dutch tariff: Results and 



                     118 Physical Activity in Clinical Psychiatry Physical Activity in Clinical Psychiatry                     119

     Physical activity and quality of life in long-term hospitalized patients with severe mental    Chapter 7 
                              illness: a cross-sectional study     

        arguments for an effective design for national EQ-5D valuation studies. Health Econ.2006;15(10):
        1121-1132.
27.  Prieto L, Sacristan JA, Hormaechea JA, Casado A, Badia X, Gomez JC. Psychometric validation of a generic 
        health-related quality of life measure (EQ-5D) in a sample of schizophrenic patients. 
        Curr Med Res Opin. 2004;20(6):827-835.
28.  Brooks R, De Charro F. EuroQol: The current state of play. Health Policy. 1996;37(1):53-72.
29.  Breek JC, De Vries J, Van Heck GL, Van Berge Henegouwen DP, Hamming JF. Assessment of disease impact 
        in patients with intermittent claudication: Discrepancy between health status and quality of life. 
        J Vasc Surg. 2005;41(3):443-450.
30.  Karow A, Wittmann L, Schottle D, Schafer I, Lambert M. The assessment of quality of life in clinical 
        practice in patients with schizophrenia. Dialogues Clin Neurosci. 2014;16(2):185-195.
31.  Mas-Expósito L, Amador-Campos JA, Gómez-Benito J, Lalucat-Jo L. The World Health Organization
        Quality of Life Scale Brief Version: A validation study in patients with schizophrenia. 
        Qual Life Res. 2011;20(7):1079-1089.
32.  Trompenaars FJ, Masthoff ED, Van Heck GL, Hodiamont PP, De Vries J. Content validity, construct validity, 
        and reliability of the WHOQOL-Bref in a population of Dutch adult psychiatric outpatients. 
        Qual Life Res. 2005;14(1):151-160.
33.  Kendzierski D, DeCarlo KJ. Physical activity enjoyment scale: Two validation studies. 
        Journal of Sport and Exercise Psychology. 1991;13(1):50-64.
34.   van Sluijs EMF, van Poppel MNM, Twisk JWR, Brug J, van Mechelen W. The positive effect on determinants 
        of physical activity of a tailored, general practice-based physical activity intervention. 
        Health Educ Res. 2005;20(3):345-356.
35.  Benisovich SV, Rossi JS, Norman GJ, Nigg CR. Development of a multidimensional measure of exercise 
        self-efficacy. Ann Behav Med. 1998;20(S190).
36.  Jacoby WG. Loess: A nonparametric, graphical tool for depicting relationships between variables. 
        Electoral Studies. 2000;19(4):577-613.
37.  Carr LJ, Mahar MT. Accuracy of intensity and inclinometer output of three activity monitors for 
        identification of sedentary behavior and light-intensity activity. J Obes. 2012;2012; doi: 10.1155/2012/
        460271.
38.  Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson PS. Validation of wearable monitors for
        assessing sedentary behavior. Med Sci Sports Exerc. 2011;43(8):1561-1567.
39.  Santos-Lozano A, Santín-Medeiros F, Cardon G, Torres-Luque G, Bailón R, Bergmeir C, Ruiz JR, Lucia A, 
        Garatachea N. Actigraph GT3X: Validation and Determination of Physical Activity Intensity Cut Points. 
        Int J Sports Med. 2013;34(11):975-982.
40.  van Harten PN, Bakker PR, Mentzel CL, Tijssen MA, Tenback DE. Movement Disorders and Psychosis, 
        a Complex Marriage. Frontiers in Psychiatry. 2015;5(190); doi: 10.3389/fpsyt.2014.00190.
41.  Gerlach J, Korsgaard S, Clemmesen P, Lauersen AML, Magelund G, Noring U, Povlsen UJ, Bech P, Casey DE.
        The St. Hans Rating Scale for extrapyramidal syndromes: reliability and validity. 
        Acta Psychiatr Scand. 1993;87(4):244-252.
42.  Pesek MB, Mihoci J, Medved K, Šolinc NP. Long Term Groups of Patients With Psychosis: Physical
        Activity and Medical Treatment. Psychiatria Danubina. 2011;23:149-154.
43.  Vancampfort D, Probst M, Scheewe T, Maurissen K, Sweers K, Knapen J, De Hert M. Lack of physical 
        activity during leisure time contributes to an impaired health related quality of life in patients with 
        schizophrenia. Schizophr Res. 2011;129(2-3):122-127.
44.  Masthoff ED, Trompenaars FJ, Van Heck GL, Hodiamont PP, De Vries J. Quality of life and psychopatho-
        logy: investigations into their relationship. Aust N Z J Psychiatry. 2006;40(4):333-340.
45.  Daumit GL, Dalcin AT, Jerome GJ, Young DR, Charleston J, Crum RM, Anthony C, Hayes JH, McCarron PB, 
        Khaykin E et al. A behavioral weight loss intervention for persons with serious mental illness in 
        psychiatric rehabilitation centers. Int J Obes (Lond). 2011;35(8):1114-1123.
46.  Sniehotta FF, Schwarzer R, Scholz U, Schüz B. Action planning and coping planning for long-term 
        lifestyle change: theory and assessment. Eur J Soc Psychol. 2005;35(4):565-576.
47.  Gollwitzer PM. Implementation Intentions: Strong Effects of Simple Plans. The American Psychologist. 
        1999;54(7):493-503.
48.  Roberts SH, Bailey JE. Incentives and barriers to lifestyle interventions for people with severe mental 
        illness: a narrative synthesis of quantitative, qualitative and mixed methods studies. 
        J Adv Nurs. 2011;67(4):690-708.
49.  Stanton R, Happell B. Exercise for mental illness: A systematic review of inpatient studies. 
        Int J Ment Health Nurs. 2014;23(3):232-242.
50.  Aleman A, Hijman R, De Haan EHF, Kahn RS. Memory impairment in schizophrenia: A meta-analysis. 
        Am J Psychiatry. 1999;156(9):1358-1366.
51.  Bassett DR, Troiano RP, McClain JJ, Wolff DL. Accelerometer-based Physical Activity: Total Volume per 
        Day and Standardized Measures. Med Sci Sports Exerc. 2015;47(4):833-838.



                     120 Physical Activity in Clinical Psychiatry Physical Activity in Clinical Psychiatry                     121



                     120 Physical Activity in Clinical Psychiatry Physical Activity in Clinical Psychiatry                     121

CHAPTER

Summary and General Discussion



                     122 Physical Activity in Clinical Psychiatry Physical Activity in Clinical Psychiatry                     123

Chapter 8    Summary and General Discussion

INTRODUCTION
The general aims of this thesis were twofold: in the daily practice of clinical psychiatry, to 
investigate an exercise intervention in patients with major depressive disorder (MDD) and to 
measure physical activity and sedentary behavior in patients with severe mental illness (SMI). 
The present chapter summarizes the design, process evaluation, results and predictors of 
adherence of an add-on exercise randomized controlled trial (RCT) in MDD patients – the 
EFFORT-D study. In addition, the chapter describes a separate observational study into 
physical activity and sedentary behavior in SMI patients, mainly with schizophrenia.

SUMMARY OF FINDINGS
We designed a high quality pragmatic RCT testing exercise in MDD patients, since previous 
RCTs had various methodological flaws. In addition, the study population had to reflect daily 
clinical practice (the “real world”), since few previous RCTs were representative for MDD 
patients in specialized mental health care. We were also interested in a relatively long follow-
up period, since the earlier RCTs did not exceed a period of four months. For ethical reasons, 
but also from a pragmatic perspective reflecting the regular add-on practice of exercise in 
the treatment of MDD, we designed an add-on observer-blinded exercise RCT. The design of 
the EFFect of Running Therapy on Depression (EFFORT-D) was described in Chapter 2.
In EFFORT-D, the study population was recruited from emergency inpatient units in addition 
to day hospitals and outpatient programs for affective disorders in the hospital organization 
of the first author. Eligible patients could participate if their score on the 17-item Hamilton 
Rating Scale for Depression (HAM-D17) was ≥14, indicating MDD. We randomized half of the 
eligible patients to an add-on exercise intervention (Running Therapy or Nordic walking). 
Planned frequencies were a 1h session twice per week for 6 months, with increasing intensity. 
Measurements were planned at inclusion (T0) and at 3 (T3), 6 (T6), and 12 months (T12). 
The primary outcome measure was the expected reduction in depressive symptoms as 
measured by the HAM-D17. A mean reduction in HAM-D17 of 8 points was expected in the 
intervention group and 6 points in the control group. To detect this difference with an α (two-
tailed) of 5% and a power (1-β) of 80%, using two equal groups and a standard deviation of 
5 points, 100 patients were needed in each group. We planned to measure cardio-respiratory 
fitness using a submaximal bicycle test. Biometric information would be collected and blood 
samples would be taken for the measurement of metabolic parameters. In addition, co-mor-
bidity with pain, anxiety and personality traits were study objectives, as well as quality of 
life and cost-effectiveness.

Chapter 3 presented the results of the process evaluation of the EFFORT-D study, based on 
the method of Linnan and Steckler [1]. Participant inclusion, dropout and no-show were 
analyzed. A relatively high number (N=135) of the originally eligible participants (N= 183) 
had to be excluded. Total participation was 80% lower than foreseen due to low inclusion 
rates and fewer actual exercise interventions. Doubt about sufficient motivation was the main 
reason given for not participating in the study. Lack of motivation, probably due to disease 
characteristics, was apparently the reason for the high dropout rates: 40% at 3 months and 
80% after 12 months. We concluded that depression severity was the primary factor deter-
mining dropout, followed by the duration of the intervention. In patients with MDD, emphasis 
on motivational issues is therefore essential right from the start of an exercise intervention, 
and a tailored and stepped-care approach is advised for future implementation.



                     122 Physical Activity in Clinical Psychiatry Physical Activity in Clinical Psychiatry                     123

   Summary and General Discussion    Chapter 8                          

In Chapter 4 we described the results of the EFFORT-D study. The main hypothesis was that 
add-on exercise in the intervention group would reduce depressive symptoms compared to 
the control group. This was rejected. Depression scores of both groups improved independent 
of exercise. The small numbers of participants (46 participants, of which 24 in the interven-
tion group), led to a lack of power and thus precluded firm conclusions. However, the effect 
size was so small (Cohen’s d was 0.18 in the intention to treat analysis and 0.10 in the per 
protocol analysis), that it would be highly unlikely that a larger trial could find a clinically 
relevant effect on depression. In contrast, the effects of the intervention on fitness (Wmax∙kg -1
and VO2max∙kg -1) were large: increases of 15% and 18.5%, respectively were found in the 
intervention group within a period of three months, compared to 0% and 3% respectively 
in the control group. Also, the effect on cardiovascular risk factors such as BMI, waist circum-
ference and visceral fat were large, with Cohen’s d effect sizes >0.8 in favor of the intervention 
group. These findings confirmed earlier research in patients with MDD, but in contrast with 
other studies, the increase in fitness in EFFORT-D was independent of improvement in depres-
sive symptoms. Unfortunately, we were unable to measure inflammatory state because of
insufficient blood samples for measurement of C-reactive protein (CRP) beside  fat spectrum. 
Another setback was that the intended statistical analysis of follow-up data at 6 and 12 months 
was not possible due to excessive loss to follow up, in combination with a lack of completed 
electronic questionnaires with data on quality of life, anxiety, pain and cost effectiveness. 
Despite these problems, the EFFORT-D study is one of the few such studies conducted in a 
“real-life” setting in specialized mental health care. Other strengths of the study were the 
use of a submaximal Åstrand bicycle test to measure fitness and the measurement of meta-
bolic parameters as secondary outcomes.
We concluded that the EFFORT-D study underlines the importance and need of an add-on 
exercise intervention in MDD patients to reduce cardiovascular risk in the future, indepen-
dent of the desired effect on reducing depression. To motivate patients to exercise and to 
prevent disappointment – for which depressive patients are already susceptible – psycho-
education should be offered that emphasizes the clear benefits of exercise on reduced 
cardiovascular risk and indicates that exercise will not also directly lead to a reduction in 
depression. 

Intrigued by the high numbers of non-adherence not only to the intervention, but also to the 
study protocol, we speculated that we could use these results to confirm the predictors of 
non-adherence described by previous authors. We also postulated that personality factors 
of the participants might have associated with their adherence. Chapter 5 documented our 
analysis of determinants of adherence. The definition of adherence was participation at 3 and/
or 6 months in the overall study protocol (total N=42, adhered N=28) or intervention (total 
N=24, adhered N=9 in at least 10 exercise sessions). Potential determinants were age, BMI, 
tobacco and alcohol use, severity of depression (HAM-D17), anxiety (BAI), fitness (Wmax∙kg-1; 
VO2max∙kg-1) and personality traits (NEO-FFI) at baseline 1 . Unfortunately, numbers were 
too low for analyses on smoking, drinking and anxiety. ‘Higher Agreeableness’ on the NEO-
FFI – defined as individuals who are orientated towards experiences, interests and goals of 
others – was associated with better adherence to the overall study protocol (OR=1.2, p=.03) 

¹BMI: Body Mass Index;  BAI: Beck Anxiety Inventory
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and depression (HAM-D17) was negatively associated with adherence to the intervention 
group (OR=.70, p=.046). The latter finding supported our recommendation in the process 
evaluation (Chapter 3) that adherence to a MDD exercise program needs substantial support 
from professional caregivers. In future MDD studies, measurement of personality traits could 
possible identify potential dropouts at an early stage.

As mentioned in the introduction of this chapter, in a parallel observational study we measured 
physical activity and sedentary behavior in patients with SMI (mainly schizophrenia). 
We decided to investigate this topic based on recent literature emphasizing the health threat 
resulting from the lack of physical activity and sedentary behavior, especially in SMI patients. 
In addition, due to the scarcity of research into these behaviors in inpatients with SMI, little 
was known about their prevalence and magnitude. 
This led to the study described in Chapter 6 involving 184 inpatients who wore an accelero-
meter for five days. The aim was to objectively measure the total activity counts per hour and 
percentages regarding sedentary behavior, light intensity physical activity and moderate to 
vigorous physical activity. Accelerometer data of SMI patients were compared with the data 
of 54 healthy ward staff. Patients showed significantly fewer activity counts per hour compared 
to the ward employees (p=0.02), although the differences were small (d=0.32). During the 
five-day period, patients were sedentary for 84% of the time, spent 10% in light intensity 
physical activity and 6% in moderate-to-vigorous physical activity. Age was the only signifi-
cant predictor: higher ages predicted fewer total activity counts per hour. We concluded that 
decreasing sedentary behavior and improving physical activity in SMI patients should be a 
high priority in clinical practice.

Another analysis within these 184 patients was aimed at exploring the association between 
quality of life, as measured with the EuroQol-5D and WHOQol-Bref, and the objectively mea-
sured physical activity. Possibly modifiable psychological determinants that could influence 
physical activity in long-term hospitalized patients with SMI were also measured. The resul-
ting study described in Chapter 7 showed that physical activity was positively related with, 
and was predictor for, all quality-of-life outcomes except those in the environmental domain, 
independent of patient and disease characteristics. The biggest improvement in quality of 
life was seen during the change from sedentary to light activity. However, attitude and self-
efficacy were not related to physical activity. We concluded that encouraging patients to shift 
from sedentary behavior to light physical activity could be enhanced by alternative, more 
integrated and peer-supported interventions.

METHODOLOGICAL CONSIDERATIONS
Strengths
As described in the EFFORT-D design article in Chapter 2, there were two primary reasons for 
this study. First, the patient groups in previous studies were not comparable to the depressed 
patients in daily clinical practice. Second, the published RCTs described by the Cochrane 
reviewers had methodological deficiencies [2]. The patients in these RCTs were often mode-
rately depressed and the numbers of participants were often small. When designing the 

Wmax∙kg-1:Maximal external power output related to weight; VO2max∙kg -1: maximal oxygen uptake related to 
body weight; NEO-FFI: Neuroticism-Extraversion-Openness Five Factor Inventory.
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EFFORT-D study, we aimed at a trial that more closely reflects daily clinical practice - known 
as a pragmatic trial – that could demonstrate the effectiveness of exercise on depression 
under “real-world” conditions. We aimed for a trial that was safe (without harmful side effects), 
that provided useful results and that was cost effective. In addition, the trial had to involve 
the actual clinically treated population and had to be conducted and analyzed at a high quality 
level. For the beginning it was clear that the trial would be complex, because several inter-
acting interventions by different care providers would take place. In the clinical situation, 
for example, these would include a psychiatrist who prescribed medication, a psychologist 
who provided psychotherapy, nurses and specialized therapists (drama and music therapists),
and the addition of sports coaches in the intervention arm. 

Table 8.1 Nine Dimensions for Assessing the Level of Pragmatism in a Trial, as Proposed in the Pragmatic–
Explanatory Continuum Indicator Summary 2 (PRECIS-2) Tool.*
* Information in the table is adapted from Loudon et al.[4] and derived from Ford et al.[3]
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By applying a dimensional classification [3, 4] to the EFFORT-D study to express the degree 
of pragmatism in the trial (see Table 8.1), we can draw several conclusions.

Regarding the Recruitment dimension, there were no differences between eligibility, patient 
recruitment and setting between the intervention and control group. The patients were all 
comparable and everyone received the standard depression treatment. Little additional in-
vestment was needed for recruitment before the intervention, because potential participants 
applied regularly for treatment or were admitted to the wards. The randomization therefore 
took place in daily practice. The setting in which the treatment was performed was identical 
to the daily clinical practice at the relevant mental health care (GGZ) institutions. However, 
recruitment  of patients for the study was limited and therefore not fully comparable with 
daily practice of inclusion of patients for the affective disorder programme.

Regarding the Delivery within the trial dimension, the organizational conditions were iden-
tical in the intervention and control group and there were few differences in the flexibility 
of the intervention practitioners. These practitioners were also the same as in the regular 
treatment programs, and the circumstances under which the training sessions were given did 
not differ between the trial and daily practice. As described in the Introduction, exercise 
therapy has a long tradition at our hospital and the practitioners are skilled in motivating 
patients and using flexible approaches, for example adjusting training times to patient pre-
ferences, even if they are not participating in a trial. Regarding adherence to the intervention, 
we also did not expect many differences relative to the normal daily situation. If patients do 
not participate in an intervention, it is also customary for the nursing staff to be consulted 
about no-shows in the exercise program or for the patients to be contacted by telephone to 
inquire about their absence. The efforts of the trial staff, however, to keep patients exercising 
in the study, seemed bigger, compared to daily practice.

Regarding the Nature of follow-up dimension, however, there were several differences with 
regular daily practice. For example, if we noticed early dropouts in the trial, we clearly spent 
more time contacting no-shows than would happen in normal daily practice. To prevent loss 
of data, the research team obviously made additional efforts. In regular practice, this would 
be limited to a single contact in accordance with the periodic multidisciplinary treatment 
evaluation. 

There were also differences with daily practice with regard to the follow-up measurements 
of the HAM-D17. This is because the systematic periodic use of the HAM-D17 instrument after 
documenting the depression score during the intake and/or during the depression program 
itself differs between the various practitioners and locations. Within the EFFORT-D trial, 
consistency was safeguarded by the study protocol. 

On the Nature, determination, and analysis of outcome dimension, we can state that the 
primary outcome – reduction of depression as shown on the HAM-D17 – is obviously relevant
for depressed patients. In addition, all HAM-D17 data were available for statistical analysis: 
no incomplete HAM-D17 questionnaires were provided by the blind raters. Some secondary
outcomes, including fitness, are not measured in regular daily practice, but metabolic lab tests 
are routine in the clinical situation. For outpatients, lab tests are only performed on indication 
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(as requested by the patient’s own doctor) and body weight is measured periodically. Waist 
circumference is generally not measured in the regular depression program. The electronic 
questionnaires in EFFORT-D to measure quality of life, anxiety, pain and cost effectiveness 
are normally not used in daily practice. 

The analysis above showed that the EFFORT-D trial had a high level of pragmatism. This could 
partially compensate for the disadvantages associated with an RCT, such as the often limited 
external validity. For most RCTs, generalization of the observed causality between interven-
tion and outcome to other populations is constrained. Due to the nature of the intervention, 
this trial was conducted in the regular mental health context, so we believe that our research 
closely approached regular care. We also realize that few trials, including this one, can be 
completely pragmatic. Despite the low power, however, we believe that the results can be 
linked to the intervention with reasonable reliability. The design and implementation were 
conducted according to the CONSORT guidelines with a design publication prior to the trial [5]. 
As a result, EFFORT-D can be easily replicated by other researchers. 
Another strength of our research is the use of objective measurements to determine fitness, 
instead of using questionnaires that often provide an incorrect picture [6] or estimates based 
on observation by nursing staff or other practitioners. 
Due to the limited intake and the high drop-out rate, we decided to conduct a process evalu-
ation (Chapter 3) not only to gain insight into our results, but also to inform researchers who 
will work with this topic in the future. Because few process evaluations into the effectiveness 
of physical activity in depression had been conducted [7-9], we were unable to learn from 
the pitfalls of previous studies.
A final strength of the EFFORT-D study is its exploration of the relationship between perso-
nality traits and the effectiveness of the intervention. To date, very little research has been 
conducted on this topic [10, 11]. We therefore believe that we have made a useful contribu-
tion to the research into personality traits in MDD patients.

The observational study of physical activity and sedentary behavior in the included SMI 
patients also originated from daily practice, which strengthened external validity. Relative 
to a randomized study, an observational study can start more quickly due to the following 
advantages: 
•  The patient group was already present, so no time was needed to recruit potential 
    candidates. 
•  In principle, every patient was suitable for participation, which reduced selection bias. 
•  Permission from an ethics committee was not required because they considered the 
    patient burden (wearing an accelerometer for five days) to be minor.    

A major advantage of this study was that the data obtained could be directly linked to an 
existing database. The data obtained in this way had not previously been available in clinic-
ally admitted patients with a serious psychiatric disorder. Here, an accelerometer was used 
to obtain objective measurements of physical activity and sedentary behavior [12].
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Limitations
A disadvantage of performing an RCT in everyday clinical practice is that many potentially 
suitable candidates refuse to participate. In our EFFORT-D study, only about 25% of the suit-
able candidates could be included and the drop-out percentages rose to 80% at the 12-month 
follow-up measurement. It is therefore questionable whether a representative group remained 
after so many refusals and dropouts. This resulted in substantial limitations. Not only did it 
take a lot of time and effort to motivate patients, but the power of the study also remained 
too low. Due to low participation, the planned 6-month and 12-month measurements were 
inadequate, so that no insight was gained into the longer-term effect. As discussed in
Chapter 4, the 3-month outcomes therefore had to be chosen as a “surrogate” endpoint for 
the study. The low turnout for blood collection at 6 months prevented a reliable analysis of 
fasting glucose and fat-spectrum blood levels and of the inflammatory parameters that might 
have been influenced by the intervention. The data on quality of life and cost-effectiveness 
that were important in a pragmatic trial could not be provided. This was due not only to the 
small numbers, but also the low response to the online questionnaires filled out at home by 
the participants. Although we agreed in advance that the participants should have the lowest 
possible “questionnaire burden” - which was precisely the reason for choosing the digital 
option - the number of questionnaires that we expected patients to complete was perhaps 
too ambitious. Our conclusion was that online questionnaires are not suitable for this de-
pressed population and that it is better to opt for fewer questionnaires that are given under 
the supervision of a test assistant. In addition, a RCT design like that in our study, due in part 
to the low numbers of participants, offers little room for analysis of individual patient charac-
teristics, which could have resulted in improved identification of patients that would benefit
most from the intervention. 

A major disadvantage of conducting a pragmatic trial in the real world instead of a laboratory 
setting or academic environment is that reorganizations or cutbacks can threaten the con-
tinuity of the research. If it is not deemed to be an organizational priority, research can be 
threatened by a reorganization, as we described in Chapter 3. 
Regarding the study of physical activity and sedentary behavior in admitted patients with 
SMI, the reported associations should be interpreted with caution because they say little 
about internal validity or causality. 

IMPLICATIONS FOR PRACTICE
This thesis focused on research into the physical activity behavior of patients in two main 
diagnostic categories in clinical psychiatry: MDD and SMI (mainly schizophrenia and other 
psychotic problems). 
To determine the position of exercise and physical activity in mental health care, a number 
of demarcation lines are proposed that may guide the role and significance of exercise and 
physical activity as an intervention.

First, a distinction can be made between exercise as a preventive activity and as a curative 
activity, as described in Chapter 2. There is considerable evidence that exercise can be effec-
tive as a preventive factor for the onset of depression [13]. This finding is especially impor-
tant for general healthcare (public health) and can be an incentive for complying with the 
physical activity guideline [14] with the aim of reducing the lifetime occurrence of new 
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depressive episodes in the general population. However, further recommendations for practice 
and their specification fall outside the scope of this thesis.

For the curative-oriented exercise intervention, a distinction can be made between the 
severity of the depression and the course of treatment, which also determines the setting in 
which the treatment is performed in many cases. Mild depression was not included in our 
study. The guidelines for this disorder, starting with the general practitioner [15], are clear, 
also with regard to the role of exercise and physical activity within general basic mental health 
care (basis-GGZ). The latter system treats patients with milder depressions who have been 
referred by the general practitioner and/or the supporting mental health care practitioner.

Within specialized mental health care, in which the EFFORT-D study was conducted, the course 
of treatment for depression can be diverse. In the most favorable case, complete remission 
occurs within 6 months after adequate treatment. Considering the results of our pragmatic 
EFFORT-D RCT, the curative impact of more exercise on the improvement of depressive symp-
toms remains uncertain. Regarding fitness and metabolic indicators, however, significant 
progress can be expected (Chapter 4). In view of the epidemiologically demonstrated inter-
dependence of depression and cardio-metabolic problems [16], there is a credible medical 
indication for the structural implementation of an exercise program. We pointed out that a 
substantial commitment is required, also in the case of a single depressive episode, with suf-
ficient motivation and guidance for the patient (Chapters 3 and 4). Indeed, it is to be expected 
that patients can evade the exercise intervention in the same way as in the EFFORT-D study. 
This expectation is supported by the pragmatic nature and implementation in the real world 
of our RCT. From a clinical perspective, it is logical to add exercise to the treatment for the 
subtype “metabolic depression” [17]. However, in the EFFORT-D study it was not possible 
to differentiate according to patient characteristics and between the depression subtypes. 
There must of course be a permanent commitment to providing lifestyle advice. If the regular 
depression protocol is followed [18], this starts at an early stage.

It seems plausible to recommend that exercise should continue after remission of the depres-
sion, at least in the amount described in the physical activity guideline. Similar to proposals 
for population-wide screening, however, insufficient research has been conducted into whether 
an additional lifetime protective effect of exercise on the onset of a new depressive episode 
is to be expected [13]. Furthermore, if we assume that the group of depressed patients studied 
in EFFORT-D is representative of the average depressed patient in specialized mental health 
care, then there is sufficient reason to screen metabolic indicators prior to and during treat-
ment, and to regularly measure blood pressure and determine fasting glucose levels in 
addition to waist circumference. The average waist circumference and blood pressure of 
patients at the start of EFFORT-D suggested that they were already developing metabolic 
syndrome (Chapter 4). These measurements are all the more urgent if the patient is using 
metabolically stressing antidepressants such as amitryptiline, nortryptiline or mirtazapine 
[19] and/or antipsychotics [20] and/or lithium [21] during depression treatment. It is obvious 
that a metabolic protocol should also be followed in the case of a major depressive disorder, 
certainly if follow-up treatment with a metabolic stressing antidepressant is necessary for 
an extended period of time.
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The exercise program we recommend for severely depressed patients within curative mental 
health care requires more investment than the standard diagnosis-treatment combination 
(DBC) for this disorder. Besides the shift of responsibility for long-term care to the munici-
palities in Public Mental Health Care (OGGZ), one of the reasons that our “sport poli” with 
multidisciplinary program ceased to exist (and that the swimming pool was closed), is that 
this form of care is not included in the depression DBC. In the future, the inclusion of such 
programs in the curative DBCs will therefore have to be negotiated with health insurers, or 
the programs must be included in the new financing structure from 2022 onwards in the 
healthcare performance model.

As described in Chapter 1, depression is often erratic. Patients also have a 30% chance of 
relapsing within two years [22], and 12% end up with a chronic disorder [23]. This means 
that chronically depressed patients will have great similarities with the patients with SMI 
described in this thesis. Due to the nature of the disease and the metabolic effects of their 
medication, depressed patients are also in danger of a sedentary lifestyle [24] and of deve-
loping cardio-metabolic problems [25, 26].
To determine policy for these patients, especially the role of exercise and physical activity, 
it is advisable to distinguish between outpatients treated in the public mental health care 
system (OGGZ), often via Flexible Assertive Community Treatment (FACT), and the inpatients 
at the clinic. 
In 2013, the estimated number of SMI inpatients in the Netherlands was around 9050 [27]. 
Due to the complexity of treating SMI patients (see box, [28]), multiple disciplines will have 
to work together, and a multidisciplinary approach to treatment is required for outpatients 
(FACT) as well as inpatients.

We previously demonstrated that physical activity is positively associated with the quality 
of life in this patient group. However, much more is possible with a well-considered inter-
vention that includes exercise. For the clinical multidisciplinary lifestyle intervention, we refer 
to the recent dissertation by Jeroen Deenik, which showed that significant health benefits 
can be achieved at an inpatient department using existing funding and staff [29]. 

The design of a multidisciplinary lifestyle out-patient program, not only for chronic severe 
depression but also for schizophrenia, has been severely endangered by the shift of long-term
care to municipalities. Due to the ongoing reduction of beds and the shift outpatient treatment, 
those with a chronically developing psychiatric disorder will increasingly have to rely on 
outpatient programs, for which funding is not yet sufficiently safeguarded at the national level. 
There are major differences between municipalities in how this care is given shape in prac-
tice, the required medical knowledge is lacking in neighborhood teams, turnover of FACT 
staff is often high, and there is also a shortage of these staff. In short, the shift to outpatient 
care is lagging behind the already implemented reduction in beds. This was a recent con-
clusion of an analysis conducted by the Dutch Safety Board [30]. The current situation not 

An SMI is a severe mental disorder that requires care and/or treatment. For someone 
with an SMI there are serious limitations in social functioning, whereby the limitation 
is the cause and effect of the mental disorder, which is not of a temporary nature
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only endangers the safety of society, as evidenced by the various capital crimes committed 
by psychiatric patients, but also the health, both psychologically and physically, of the patients 
themselves.

To safeguard the complex care for these patients, the Dutch Safety Board urgently recom-
mends establishing a central budget with retrospective accountability in addition to the GGZ 
Outline Agreement. We recommend funding a multidisciplinary lifestyle program with an 
exercise intervention. An effort could also be made to consult with the Dutch General Prac-
titioner Association (NHG) on whether it would be useful to include patients with chronic 
psychiatric disorders in their Cardiovascular Risk Management Guideline (CVRM) [31], in 
addition to rheumatism and diabetes mellitus as contributing risk factors. This could lead to

Figure 8.1 The spiral of change [34]



                     132 Physical Activity in Clinical Psychiatry Physical Activity in Clinical Psychiatry                     133

Chapter 8    Summary and General Discussion

health benefits, especially in patients who already have several metabolic risk factors, although 
patients with pre-diabetes are not yet included in the CVRM protocol. This recommendation 
is in line with the growing awareness in the medical world, including surgeons and gastro-
intestinal specialists, that a preventive and multidisciplinary approach to the silent killer called 
metabolic syndrome should be an urgent priority in healthcare [32].
The recently installed Task Force “Somatic Illness” of the NVvP (Dutch Association for Psychi-
atry) is an example of a good initiative that somatic health of psychiatric patients is ensured 
in the future.
With regard to implementation strategy for structural exercise and physical activity in mental 
health care we propose the Transtheoretical model (TTM) [33], focussing on stages of change 
when modifying behavior. This model distinguishes clear stages (see figure 8.1) when pre-
paring populations at risk for healthier behavior. Certain principles and processes of change 
work best at each stage to reduce resistance, facilitate progress, and prevent relapse.

FUTURE RESEARCH
At this moment the quantity and quality of evidence regarding the efficacy of physical activity
for mental illness is increasing [35]. Physical activity should be offered as an adjunctive part 
of core mental health treatment. However there is still a need for high quality multisite 
randomized controlled trials that can be replicated in routine care in mental health services. 
Besides, it becomes more and more clear that the complexity of diagnostic presentations of 
an inpatient psychiatry population requires an integrative approach to health and well-being 
[36].
In special, to improve the translation of the results of this research to the daily clinical practice 
of treating MDD, additional pragmatic trials are required. Moreover, the subdivision of the 
heterogeneous syndrome of depression into subtypes, such as melancholic and metabolic 
depression, and the clarification of the response to an exercise intervention could not only 
elucidate the underlying biological mechanisms that exercise affects, but also identify which 
patients can benefit most from the intervention. An additional consideration is that running 
and Nordic walking will not be the most suitable aerobic interventions in clinical practice 
for every depressed patient. Flexibility in exercise options and even in the choice of exercise
intensity by patients, combined with objective measurements (apps, GPS tracking and 
accelerometers) of the intensity and dose, could also be used to enhance adherence to the 
intervention. As described previously, the EFFORT-D study failed to collect sufficient blood 
samples for the intended measurements of metabolic values and inflammatory parameters 
(C-reactive protein). In view of recent immunological insights, the latter are also important 
for exercise interventions, along with insight into other biomarkers, such as Brain Derived 
Neurotrophic Factor. Our finding that the fitness parameters improved greatly independent 
of the depression score continues to be intriguing and deserves replication: was this only a 
consequence of the setting and patient selection, or are other underlying mechanisms also 
involved? With regard to the sedentary behavior of SMI patients, the multidisciplinary lifes-
tyle intervention in the ambulatory setting should be investigated as a sequel to the clinical 
study. This would demonstrate with greater certainty whether our “sportpoli” program was 
indeed effective.
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SAMENVATTING  
De onderzoeken die in dit proefschrift beschreven zijn, zijn voortgekomen uit de dagelijkse 
klinische praktijk van de auteur. Hierin speelde de in 2002 in Amersfoort opgerichte 
“sportpoli” (zo genoemd door de patiënten die aan een multidisciplinair leefstijlprogramma 
deelnamen), een centrale rol . Het programma werd geïmplementeerd na confrontatie met 
de metabole bijwerkingen van  nieuwe antipsychotica, vooral bij patiënten met schizofrenie, 
maar ook bij patiënten met een bipolaire stoornis of  (psychotische) depressie.                                                                                                                                       
De behoefte aan meer wetenschappelijk bewijs voor de werkzaamheid van het multidiscipli-
naire leefstijlprogramma groeide nadat de klinisch observeerbare resultaten zoals gewichts-
reductie, minder diabetes medicatie en minder heropnames door staken van psychofarmaca 
overtuigend leken. Het belang van wetenschappelijke evidentie werd nog eens onderstreept 
door de ontwikkelingen in internationaal onderzoek, waarbij steeds duidelijker werd dat 
zich een ramp van grote afmeting aan het voltrekken was: de levensverwachting van psy-
chiatrische patiënten zou, indien er geen interventies zouden plaats vinden, zeker met 
15-20 jaar bekort worden ten opzichte van gezonde personen. Dit wordt aangeduid als de  
“mortality gap”.
 
Bij  bestudering van de tot dan toe uitgevoerde meta-analyses naar de effecten van bewegen 
op depressie kwam aan het licht dat veel studies geen betrekking hadden op de door ons 
behandelde patiënten in de gespecialiseerde GGZ. Vaak betrof het vrijwilligers of jonge pa-
tiënten  met lichte tot milde depressies en veel van deze onderzoeken (die voornamelijk voor 
2000 waren uitgevoerd), waren van lage kwaliteit. Het was dus tijd voor nieuw onderzoek.

Het doel van dit proefschrift was tweeledig (zie Hoofdstuk 1): enerzijds onderzochten we 
de effectiviteit van een beweeginterventie bij ernstig depressieve patiënten in de dagelijkse 
klinische GGZ praktijk. Anderzijds hebben we de mate van fysieke activiteit en sedentair 
gedrag (veel en langdurig zitten en liggen zonder te slapen) gemeten bij langdurig opgenomen  
patiënten met een Ernstige Psychiatrische Aandoening (EPA).
Voor het onderzoek naar bewegen bij depressie ontwierpen we een hoogwaardige pragma-
tische en gerandomiseerde, gecontroleerde trial (RCT), de EFFect Of Running Therapy on 
Depression (EFFORT-D) studie. 
De EFFORT-D studie leidde tot vier artikelen: een artikel over de opzet van de studie 
(Hoofdstuk 2), waarin de voorgenomen en inmiddels geregistreerde trial is beschreven; 
een procesevaluatie (Hoofdstuk 3); een resultaat artikel (Hoofdstuk 4) en een onderzoek 
naar voorspellende factoren voor interventie- en studieprotocoltrouw (Hoofdstuk 5).

In Hoofdstuk 2 beschrijven we in de opzet van de studie dat de te includeren volwassen 
deelnemers minstens een Hamilton-depressiescore (HAM-D17) van ≥ 14 (matige depressie) 
moesten hebben. De helft van de geschikte deelnemers zou worden gerandomiseerd naar 
een beweeginterventie (hardlopen of Nordic Walking), die werd toegevoegd aan de reguliere 
protocollaire depressiebehandeling. De deelnemers zouden tweemaal per week gedurende 
één uur, zes maanden lang gaan meedoen aan de interventie. De meetmomenten waren 
gepland bij inclusie (T0), na drie (T3), zes (T6) en twaalf (T12) maanden. De primaire uit-
komstmaat was de verwachte afname in depressieve symptomen gemeten op de HAM-D17. 
We gingen uit van een gemiddelde daling van acht punten bij de interventiegroep en zes 
punten bij de controlegroep. Om dit verschil te kunnen detecteren zouden 100 patiënten 
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nodig zijn in elke groep. Ook de cardiorespiratoire fitheid zou  gemeten worden met behulp 
van een submaximale fietstest. Biometrische gegevens en bloedtesten werden gepland voor 
het meten van metabole- en ontstekingsparameters. Tenslotte zouden  vragenlijsten worden 
gebruikt voor co-morbide pijnklachten, angst, persoonlijkheidstrekken, de kwaliteit van 
leven en kosten-effectiviteit.
 
Uit de procesevaluatie in Hoofdstuk 3 bleek dat het aantal geïncludeerde patiënten lager 
was dan beoogd; de deelname was, mede door een drop-out tot 80%, aanzienlijk minder 
dan voorzien. Vooral motivatiegebrek, bekend als een symptoom van depressie, bleek samen 
te hangen met zowel geringe deelname aan de studie, als met uitval tijdens de studie. 
Mogelijke oorzaken waren de ernst van de depressie en de duur van de interventie. 
We concludeerden dat aandacht van professionals voor motivationele factoren vanaf het 
begin van een beweegstudie- of programma erg relevant is voor het slagen ervan.  

De resultaten van de EFFORT-D studie, beschreven in Hoofdstuk 4, toonden aan dat de  
hypothese dat het toevoegen van bewegen aan de reguliere behandeling bij de interventie-
groep zou leiden tot een grotere vermindering van depressieve symptomen vergeleken met 
de controlegroep, verworpen diende te worden. De depressiescores in beide groepen ver-
beterden evenveel. Vanwege het feit dat slechts relatief kleine aantallen waren geïncludeerd 
(46 deelnemers, waarvan 24 in de interventiegroep), zou het gebrek aan onderzoekspower 
een verklaring kunnen vormen. De grootte van het effect op depressie was echter dermate 
klein dat een studie met grotere aantallen deelnemers, zoals aanvankelijk beoogd, hoogst-
waarschijnlijk eveneens niet zou kunnen leiden tot een klinisch relevanter effect op depres-
sieve symptomen.                                                                                                                                                                     
De effecten van de interventie op de fitheid, weergegeven als maximaal vermogen per kilo-
gram lichaamsgewicht (Wmax∙kg-1) en maximale zuurstofopname per kilogram lichaams-
gewicht (VO2max∙kg-1), waren daarentegen groot: we vonden na drie maanden een toename 
van respectievelijk 15% en 18.5% in de interventiegroep, vergeleken met resp. 0% en 3% 
in de controlegroep. Ook werden grote positieve effecten gevonden op cardiovasculaire 
risicofactoren zoals Body Mass Index (BMI), buikomvang en het percentage visceraal vet. 
De toename in fitheid was opvallend genoeg onafhankelijk van de verbetering van de de-
pressieve symptomen. 
We concludeerden dat de EFFORT-D studie het belang onderstreept van het toevoegen van 
een beweegprogramma aan de reguliere behandeling van ernstig depressieve patiënten, met 
name om het risico op cardiovasculaire aandoeningen te verminderen, onafhankelijk van het  
effect op depressieve symptomen. Bij patiënten in de gespecialiseerde GGZ zou psycho-edu-
catie over het nut van bewegen dan ook beter gericht kunnen worden op de voordelen die 
dit heeft op fitheid en het voorkomen van cardiovasculaire en metabole problemen, dan 
primair op de vermindering van depressieve symptomen. Dit zou teleurstelling en motivatie-
verlies, waarvoor deze doelgroep toch al gevoelig is, bij hen kunnen voorkomen.

Geïntrigeerd door de hoge aantallen uitvallers wilden we nader onderzoeken welke factoren 
hierbij van belang zijn geweest. In Hoofdstuk 5 is onze analyse van determinanten hiervan 
beschreven. Potentiële determinanten waren leeftijd, BMI, tabak- en alcoholgebruik, ernst 
van de depressie (HAM-D17), angst (Becks Anxiety Index), fitheid (Wmax∙kg-1 en VO2max∙
kg-1) en persoonlijkheidstrekken (NEO-FFI) gemeten bij het begin van de studie. 
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De relaties van uitval met roken, alcoholgebruik en angstsymptomen konden uiteindelijk 
niet worden bepaald wegens te lage aantallen in de analyses                                                                         
We concludeerden dat een hoge “Agreeableness” (“servicegerichtheid”) op de NEO-FFI - 
gedefinieerd als personen die gericht zijn op ervaringen, interesses en doelen van anderen - 
is geassocieerd met een betere trouw aan het gehele studieprotocol (Odds Ratio=1.2, p=.03). 
Verder was de depressiescore  negatief geassocieerd met trouwe deelname aan de beweeg-
interventie (Odds Ratio=.70, p=.046). Deze laatste bevinding ondersteunde onze aanbeve
ling van de procesevaluatie (zie Hoofdstuk 3), dat trouw aan een beweegprogramma bij 
depressie een substantiële ondersteuning vereist van professionele hulpverleners.                                                                                                                                  
Omdat de factor “servicegerichtheid” onafhankelijk is van de ernst van de depressie, merkten 
we op dat het meten van de persoonlijkheidskenmerken in toekomstige studies mogelijk 
zinvol kan zijn om patiënten met het risico op vroegtijdige drop-out te kunnen identificeren.

In een parallelle observationele studie hebben we de fysieke activiteit en het sedentaire 
gedrag onderzocht bij patiënten met een Ernstig Psychiatrische Aandoening (EPA), 
voornamelijk met  schizofrenie. We besloten dit te onderzoeken, omdat recente publicaties 
benadrukten dat de bedreiging van de gezondheid door gebrek aan fysieke activiteit en toe-
genomen sedentair gedrag (veel en langdurig zitten en liggen zonder te slapen) bij deze 
patiëntengroep omvangrijk is. Er was hiernaar echter nog weinig onderzoek verricht bij lang-
durig opgenomen patiënten met een EPA en ook de kennis over de prevalentie en omvang 
van hun gebrek aan fysieke activiteit en hun sedentaire gedrag was beperkt. Over dit onder-
zoek werden samen met Jeroen Deenik twee artikelen gepubliceerd: Hoofdstuk 6 en 7.
In Hoofdstuk 6 beschreven we het onderzoek naar 184 langdurig opgenomen patiënten 
met een EPA die vijf dagen een beweegmeter hebben gedragen. Het doel was om de totale 
hoeveelheid beweegeenheden per uur, de percentages sedentair gedrag, en lichte en matige 
tot forse fysieke activiteit te meten. De meetresultaten van de beweegmeter werden verge-
leken met die van 54 gezonde stafleden. De patiënten hadden significant minder beweeg-
eenheden per uur dan de stafleden (p=0.02), hoewel de verschillen klein waren. De patiënten 
vertoonden 84% van hun gemeten tijd sedentair gedrag, waren 10% van de tijd licht fysiek 
actief en 6% matig tot fors fysiek actief. Leeftijd bleek de enige significante predictor: een 
hogere leeftijd voorspelde minder beweegeenheden per uur. We concludeerden dat het  
verminderen van sedentair gedrag en het stimuleren van meer fysieke activiteit ter voor-
koming van somatische co-morbiditeit bij patiënten met een EPA, een hoge prioriteit zou 
moeten krijgen.

Een andere analyse binnen deze 184 patiënten met een EPA was gericht op het exploreren 
van de associatie tussen kwaliteit van leven, gemeten met de EuroQol-5D en WHOQol-Bref, 
en de met beweegmeters objectief gemeten fysieke activiteit. Mogelijke beïnvloedende psy-
chologische determinanten van fysieke activiteit werden ook gemeten (houding en zelf-
effectiviteit). In Hoofdstuk 7 beschrijven we dat fysieke activiteit positief was gecorreleerd 
met alle kwaliteit van leven parameters, met uitzondering van het omgevingsdomein 
(ziekenhuissetting), onafhankelijk van patiënt- en ziektekarakteristieken. De grootste ver-
betering in kwaliteit van leven was geassocieerd met de verandering van sedentair gedrag 
naar lichte fysieke activiteit. We vonden geen associatie tussen houding (positieve attitude) 
en zelf-effectiviteit en de objectief gemeten fysieke activiteit, wat opmerkelijk is. Kennelijk 
hebben de pogingen om de attitude en zelf-effectiviteit te verhogen relatief weinig gevolgen 
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voor de uiteindelijke verrichte fysieke activiteit. Dit lijkt een meer geïntegreerde aanpak bij 
deze patiënten- groep te ondersteunen. We moedigen verder (longitudinaal) onderzoek aan 
om meer accurate inzichten te verwerven in dit onderwerp.

Het laatste Hoofdstuk 8 van dit proefschrift  gaat in op methodologische overwegingen, 
waarbij voor de beschrijving van de sterkte van het onderzoek een inschatting werd gemaakt 
van de mate van pragmatisme. Deze term wordt gebruikt om de overeenkomsten van een 
onderzoekssetting met de dagelijkse klinische praktijk uit te drukken. We maakten gebruik 
van negen dimensies voor de bepaling van het niveau van pragmatisme, zoals voorgesteld 
in de ‘Pragmatic-Explanatory Continuum Indicator Summary 2’ of (PRECIS-2) Tool. Daar-
naast werden de implicaties voor de praktijk beschreven.
We concludeerden dat de EFFORT-D studie een hoog niveau van pragmatisme had, die 
mogelijk de gebruikelijke nadelen kon compenseren van een RCT (zoals bijvoorbeeld de 
beperkte externe validiteit). Vanwege de hoge mate van pragmatisme en het gegeven dat 
onze RCT in de reguliere klinische populatie depressieve patiënten plaats vond, gelden de
resultaten met een hoge mate van zekerheid ook voor de dagelijkse praktijk in de GGZ. 
Het ontwerp en de implementatie vond plaats volgens de CONSORT richtlijnen, zodat de 
EFFORT-D studie door andere onderzoekers gerepliceerd kan worden. Een sterkte betreft
verder de objectieve metingen van de fitheid van de deelnemers met behulp van een fiets-
test in plaats van gebruik te maken van vragenlijsten, die vaak een vertekend (positief) beeld 
opleveren. Ook troffen we weinig proces evaluaties aan in de literatuur van beweegonder-
zoek bij depressie. We menen dus ook dat volgende onderzoekers, kennis nemend van onze
bevindingen, hier hun voordeel mee kunnen doen.
Tenslotte merken we op dat er tot nu toe weinig onderzoek is gedaan naar de samenhang 
tussen persoonlijkheidskenmerken en deelname en uitval bij beweeginterventies. Onze 
analyse op dit onderwerp kan bijdragen aan meer inzicht hoe de persoonlijkheid van een 
depressief persoon de deelname aan een studie mogelijk zou kunnen beïnvloeden. 
De observationele studie naar fysieke activiteit en sedentair gedrag bij de populatie met een 
EPA kwam eveneens rechtstreeks voort uit de dagelijkse praktijk, wat de externe validiteit 
verstevigde. Een voordeel was dat het onderzoek plaatsvond in een klinische populatie en 
de metingen direct gekoppeld konden worden aan patiëntengegevens die recent al verza-
meld waren. 

Een zwakte van de EFFORT-D studie was de beperkte studie-instroom (veel geschikte kandi-
daten weigerden deelname), waardoor uiteindelijk slechts 25% van de potentiele deelnemers 
konden worden geïncludeerd. Daarnaast liep het drop-out percentage op tot 80% bij de 12 
maanden follow-up metingen. Hierdoor bleef de power van de studie te laag en moest de 3 
maanden follow-up meting als surrogaat eindpunt worden gebruikt bij de statistische
berekeningen. De gegevens van de bloedanalyses die op 6 maanden waren afgenomen, waren
te laag in aantal voor een betrouwbare analyse, wat ook gold voor de data over kwaliteit van 
leven en kosteneffectiviteit. De lage respons op de online vragenlijsten was bij de laatste 
twee uitkomstmaten mede een oorzaak. Onze conclusie was dat deze typen vragenlijsten, 
hoewel aanvankelijk bedoeld om de depressieve patiënt niet te veel te belasten, juist voor 
de door ons onderzochte populatie niet adequaat zijn. Een keuze voor minder vragenlijsten 
en het onder begeleiding van een testassistent invullen van de vragenlijsten, had mogelijk 
niet alleen meer data, maar ook meer consistente data opgeleverd. 
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Een verdere beperking van een langer durende pragmatische trial in de dagelijkse praktijk  
is dat organisatorische perikelen, zoals in ons geval samenhangend met drastische bezui-
nigingen, de continuïteit van het onderzoeksplan kunnen bedreigen, zoals beschreven in 
Hoofdstuk 3. 

BETEKENIS VOOR DE KLINISCHE PRAKTIJK
Om de implicaties van ons onderzoek voor de praktijk te bepalen, lijkt het zinnig eerst een 
aantal punten te bespreken die leidend kunnen zijn om de positie van bewegen en fysieke 
activiteit in de geestelijke gezondheidszorg te begrijpen.
Allereerst kan een onderscheid gemaakt worden tussen bewegen met een preventieve of 
met een  curatieve doelstelling (zie Hoofdstuk 2). Er is inmiddels aanzienlijk bewijs dat vol-
doende bewegen effectief kan zijn tegen het ontwikkelen van een depressie. Dit gegeven is 
met name van belang voor de algemene gezondheidszorg en ondersteunt de relevantie van 
de beweegrichtlijnen, maar valt verder buiten het kader van dit proefschrift.
Wat betreft de curatief gerichte beweeginterventie is de ernst van de depressie bepalend 
voor het behandelbeloop en de behandelomgeving, waarbij de scheidslijn vaak tussen licht-
milde depressie en ernstige depressie ligt. Wij  hebben ons onderzoek niet gericht op lichte 
depressieve stoornissen en in beperkte mate op de milde vormen, die in de basis-GGZ behan-
deld kunnen worden of in de huisartspraktijk, bijvoorbeeld door de Praktijk Ondersteuner 
Huisarts GGZ (POH-GGZ). De behandelrichtlijnen voor deze doelgroep zijn helder beschreven 
in de N(ederlands) H(huisartsen) G(enootschap)-Standaard depressie.

Ten tweede kan in de gespecialiseerde GGZ, waarin de EFFORT-D studie is uitgevoerd, het 
beloop van een depressie divers zijn. Een gunstig beloop betekent een volledige remissie 
binnen zes maanden. We toonden aan (zie Hoofdstuk 4) dat de curatieve impact van een toe-
gevoegde beweeginterventie op depressie in de EFFORT-D deelnemers niet aanwezig was, 
want zowel de interventie- als controlegroep verbeterden. De fitheid en metabole parame-
ters lieten echter wel een significante en betekenisvolle vooruitgang zien bij de interventie-
groep. Mede in het licht van de epidemiologisch aangetoonde onderlinge afhankelijkheid van 
depressie met cardio-metabole problematiek, is structureel toegevoegde beweging dus wel 
degelijk een onderbouwde medische indicatie. We legden verder de nadruk op voldoende 
ondersteuning van de depressieve patiënt voor en tijdens de beweeginterventie om de mo-
tivatie te laten groeien en onderhouden vanaf het eerste begin van een beweeginterventie. 
De logische veronderstelling dat bewegen vooral dient te worden ingezet bij metabole 
depressies konden we helaas niet bevestigen, omdat subtypering door de beperkte instroom 
niet mogelijk was.

Aannemend dat de onderzochte groep in de EFFORT-D identiek is aan de populatie in de 
dagelijkse gespecialiseerde GGZ praktijk, geven de resultaten aan dat routinematige metabole
screeningen, inclusief het meten van de buikomvang en het controleren van de bloeddruk 
naast nuchtere bloedsuiker bepalingen tijdens de behandeling van depressie gewenst zijn. 
Dit geldt zeker als de patiënt langere tijd is bloot gesteld aan metabool belastende medicatie.
We merken verder op dat gewaakt moet worden dat er voldoende financiering is voor de 
gebleken benodigde intensieve begeleiding van de patiënt tijdens een beweegprogramma, 
wat bij de huidige DBC (Diagnose Behandel Combinatie) structuur niet altijd het geval is. 
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Dit is een punt van aandacht bij de onderhandelingen ter voorbereiding op de prestatiebe-
kostiging financiering, die in 2022 van start gaat.

Zoals beschreven in Hoofdstuk 1 verloopt een depressieve episode doorgaans gevarieerd. 
Patiënten hebben een terugvalkans van 30% binnen twee jaar en bij 12% treedt een chro-
nisch beloop op. Bij de laatste categorie zal dus een grote overlap in symptomatologie op-
treden met de in dit proefschrift beschreven patiënten met een EPA. Depressieve patiënten 
lopen de kans om een sedentaire leefstijl en cardio-metabole problematiek te ontwikkelen 
door de aard van de aandoening, maar bijvoorbeeld ook door het gebruiken van metabool 
belastende psychofarmaca.
Na de overheveling naar de Openbare Geestelijke Gezondheidszorg (OGGZ) van de zorg aan 
chronisch zieke patiënten, zal men de problematiek van voldoende somatische en geestelijke
zorg verlening, bijvoorbeeld door FACT-teams (Flexible Assertive Community Treatment), 
anders moeten organiseren dan bij de opgenomen of ambulant behandelde patiënten in de 
gespecialiseerde GGZ. We hebben inmiddels leergeld betaald, omdat na de grote transitie 
van 2012 het multidisciplinaire ‘sportpoli’ programma versplinterd is. Enerzijds voorzag een 
DBC niet altijd in een onderbouwende financiering, anderzijds fragmenteerde het programma 
door de overheveling van de financiering naar de gemeenten via de Wet Maatschappelijke 
Ondersteuning (WMO).
Op nationaal niveau traden grote verschillen in financiering op tussen diverse gemeentes,
de FACT teams waren onderbemand en er was een groot personeelsbeloop en binnen de 
gevormde wijkteams was (aanvankelijk) te weinig gespecialiseerde kennis.                                                             
Samengevat liep de opbouw van de ambulante faciliteiten achter bij de reeds doorgevoerde 
beddenreductie, zoals ook de Nationale Veiligheidsraad in 2019 constateerde in hun rapport 
“Zorg voor veiligheid voor mensen met een ernstig psychiatrische aandoening en hun omgeving”. 

Om de gezondheid van patiënten verder te borgen, adviseren we een multidisciplinair leef-
stijlprogramma waar het stimuleren van bewegen een belangrijk onderdeel van uit maakt. 
Interdisciplinair overleg met het NHG (Nederlands Huisartsen Genootschap) wordt geadvi-
seerd om te bespreken of de metabool belaste psychiatrische patiënt, vaak nog vallend onder 
de zorg van de huisarts, via een modificatie van de Cardiovasculair Risico Management  
Richtlijn (CVRM), zodanig kan worden ingepast dat een betere preventieve screening moge-
lijk is. Ook zal de recent geïnstalleerde “taskforce Somatiek” van de Nederlandse Vereniging 
voor Psychiatrie (NVvP)  hopelijk bijdragen aan een betere somatische gezondheid van de 
psychiatrische patiënt in de toekomst. Binnen GGZCentraal is somatische gezondheid in-
middels door de Raad van Bestuur opgenomen als onderdeel van de strategische koers.
Wat betreft de structurele implementatie van  bewegen en fysieke activiteit binnen de gees-
telijke gezondheidszorg wijzen we op het zogenaamde ”Transtheoretisch model” (TTM, zie 
hoofdstuk 8), wat zich richt op te onderscheiden stadia van gedragsverandering (van “er 
over denken” tot “blijvend gedrag”). Tevens is gebleken uit de studie van Jeroen Deenik dat 
het betrekken van de omgeving, zoals verpleegkundig personeel,  bij de structurele stimu-
lering tot bewegen bij de klinische populatie onontbeerlijk is.
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TOEKOMSTIG ONDERZOEK   
Nu de kwaliteit en kwantiteit van het bewijs dat meer beweging noodzakelijk is binnen de 
GGZ toeneemt, bijvoorbeeld door middel van meta-analyses, blijft er nog steeds  behoefte aan 
kwalitatief goed onderzoek, waaronder meer pragmatische gerandomiseerde gecontroleerde
trials. Een basisvoorwaarde voor een gezondere leefstijl in deze complexe  klinische patiën-
tenpopulatie is het toepassen van een geïntegreerde aanpak. 
Ook is meer inzicht gewenst in mogelijke subtypes van depressie. Niet alleen zouden dan 
onderliggende biologische mechanismen kunnen worden opgespoord die specifiek zijn voor 
een bepaald type depressie, ook kan een beweeginterventie dan beter afgestemd worden 
op het betreffende subtype.  Uit het onderzoek bleek dat hardlopen en/of Nordic Walking 
niet voor iedere depressieve patiënt even geschikt is als beweeginterventie. Identificatie van 
een patiëntenprofiel passend bij een specifieke beweeginterventie, zou de motivatie en de 
trouw aan een interventie wellicht kunnen verbeteren. Het toepassen van moderne objec-
tieve manieren van meten en dataverzameling (apps, GPS-tracking en beweegmeters) wordt
hierbij aangemoedigd, tevens om de motivatie te ondersteunen. Nader onderzoek van bio-
logische parameters, in relatie tot ontstekingen, maar ook bijvoorbeeld Brain Derived Neuro-
trofic Factor (BDNF, zie hoofdstuk 1), is noodzakelijk om het effect van bewegen op het 
lichaam en de hersenen in de toekomst beter te kunnen verklaren.
Onze bevinding dat de fitheid in de interventiegroep fors toenam, onafhankelijk van het 
effect op depressie, blijft intrigeren en verdient replicatie in vervolgstudies: was dit een 
gevolg van de geselecteerde patiëntengroep en de onderzoekssetting of waren er mogelijk 
onderliggende biologische mechanismen betrokken?
Tenslotte, met betrekking tot het sedentaire gedrag bij EPA-patiënten, zal er een vervolg 
van de klinische leefstijl Multi-studie (zie het proefschrift van Jeroen Deenik) moeten plaats-
vinden bij de ambulante FACT populatie. Dit zou met grotere zekerheid kunnen aantonen 
of ons ‘sportpoli’ programma van destijds inderdaad effectief was. 
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ziekte, zag aqua-joggen. Dit is tekenend voor je grote passie voor bewegen bij de (geïnvali-
deerde) mens. Op de regelmatige momenten van grote frustratie over het beloop van de 
EFFORT-D studie relativeerde jij: “dit hoort nu eenmaal bij onderzoek doen”. In het laatste 
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werd toegewezen. Later voegde je moeiteloos in bij onze besprekingen over de beweeg-
studie bij EPA patiënten. Je stelde voor om ook hier objectief te meten, nu met de TNO-be-
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Dank, dat je ook mij in staat stelde onderzoek te verrichten naar jouw patiënten. 
Dr. J. Deenik, Jeroen, medeauteur, het was een genoegen om met je samen te werken en je 
van stagiair MSc tot zelfstandig werkend onderzoeker te zien ontwikkelen. Inmiddels heeft 
je carrière een (inter)nationale vlucht genomen en ik wens je veel succes in de toekomst. 
Ook de andere co-auteurs Dr. Annemarie Braakman-Jansen en Dr. Erik Taal dank ik voor hun 
bijdragen. 

Zoals in de inleiding van dit proefschrift beschreven kwam het onderzoek voort uit de zo-
genaamde “sportpoli”, een multidisciplinair programma ter begeleiding van bijwerkingen 
van psychofarmaca. Aan deze basis voor het latere onderzoek kan ik moeilijk voorbijgaan.
Twee projecten multidisciplinaire leefstijl, op verzoek van en geïnitieerd door de patiënten-
raden, hingen hiermee samen. Sabine Drost, verpleegkundige en projectleider, jij trok die kar 
met verve. Zelfs over de plek van de kroketten in het patiënten- en personeelsrestaurant werd 
nagedacht (sla en fruit eerst!). Memorabel was onze reis met de projectgroep naar Leuven 
in 2005, waar prof. dr. Marc de Hert genereus een middag verzorgde, zijn kostbare tijd be-
schikbaar stelde voor een rondleiding over zijn afdeling en daar nog een lezing van een uur 
aan vastknoopte. Het was een bevestiging dat we de goede weg bewandelden en het bracht 
veel inspiratie. Mariska de Roo, ziekenhuisapotheker, jij participeerde actief in de sportpoli 
en in de leefstijlprojecten. Door jouw inzet hadden we in ons ziekenhuis als een van de eer-
ste in Nederland de metabole screeningsprotocollen ingevoerd. Walter Broekema, zieken-
huis apotheker: met behulp van het door jou ontwikkelde Medicawiki systeem konden we 
op maat farmacotherapie bedrijven, rekening houdend met somatische risicofactoren. 
De congressen in Maastricht en Berlijn vormden een mooie omlijsting. Ik hoop van harte dat 
Medicawiki een goede doorstart maakt binnen Psyfar. 
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Wat betreft de sportpoli dank aan Lucy Zevenbergen, doktersassistente en Jaap Wouda, 
huisarts, voor de afname en beoordeling van honderden ECG’s door de jaren heen. 
Marjo Hagoort, diëtiste, je wist altijd wel op een handige wijze patiënten met een kleine 
beurs te wijzen op betaalbare producten die metabool weinig belastend waren. 
Erik van Wezel, verpleegkundige, je hebt met je tomeloze energie een hoop patiënten letter-
lijk het bed uitgekregen en als een sportbuddie begeleid. Je inzet voor het voetbalteam is 
memorabel. Mik Borsten, running therapeut, we hebben ruim 20 jaar samen gewerkt en je 
was altijd de motor achter het bewegen of runnen met patiënten met een ernstige psychia-
trische aandoening. Ook nam je het initiatief voor de patiënten fiets- en wandelreizen en 
faciliteerde hun deelname aan sportevenementen. Met je kenmerkende doorzettingsvermo-
gen en enthousiasme heb je menig patiënt, ook in de EFFORT-D, in beweging gezet. Ik heb 
met veel plezier deelgenomen aan de fietsreizen en heb er veel van geleerd. Als je zo dicht 
op het dagelijks leven van patiënten zit wordt het soms schrijnend duidelijk wat deze aan 
bijwerkingen moeten overwinnen. Monique de Roder sportbegeleider, ook dank voor jouw 
continue inzet voor onze patiënten, en de Nordic Walking sessies in de EFFORT-D.  
Jasper Boer, je bent een trouw deelnemer aan het sportprogramma: dank dat je de illustraties 
hebt gemaakt voor dit proefschrift, met groot respect kijk ik naar je creativiteit, doorzet-
tingsvermogen en je inzet voor anderen. 
Ook Jos van Maanen (†) moet op deze plek genoemd worden omdat hij ons in 2002 als regio-
directeur carte blanche gaf de sportpolikliniek te ontwikkelen, zonder zijn visie was die er 
dus niet gekomen.
De huidige Raad van Bestuur van GGZCentraal, Arjan Theil en Albert van Esterik, verheugde
mij recent met het voornemen om een gezonde leefstijl en somatisch welzijn tot een strate-
gisch speerpunt voor de hele GGZCentraal organisatie te maken. Zo kan ook de lange beweeg-
traditie worden voortgezet, dank daarvoor.

Zonder een solidaire werkomgeving met betrokken collega’s en medewerkers is een promo-
tietraject een kansloze missie. Alle collega’s van locatie Zon en Schild (met een tijdsdeel 
Symfora-Meander) dank voor jullie steun de afgelopen tien jaar, ik hoop dat jullie het resul-
taat waarderen. Ook mijn collega’s, juristen en andere medewerkers in het Pieter Baan Centrum 
waren regelmatig geïnteresseerd in de voortgang, dank voor jullie steun en belangstelling.
Onze vriendengroep en andere sociale contacten kon ik regelmatig verslag doen van mijn 
vorderingen, ik dank jullie voor je belangstelling en luisterend oor. 
Voor de secretariële ondersteuning dank ik Rianne Hoogewoning, je was altijd goed bereik-
baar en had snel een voorstel voor een vergaderdatum met de promotoren.
Margreet van Roest, jou dank ik voor het “ontzorgen” bij het maken van het leesexemplaar 
en het definitieve boekje. Ik had je organisatietalent al mogen bewonderen tijdens de jaar-
lijkse Forensische Masterclasses in Davos, ook een promotieboekje maken gaat je goed af.
Charles Frink dank ik voor de vlotte wijze waarop je de aangeleverde teksten bewerkte of 
vertaalde. 
Bovenstaande lijst van personen heb ik getracht zo volledig mogelijk weer te geven, mochten 
personen hierop ontbreken, voel u niet gepasseerd: dit ligt geheel aan de auteur.

De keus voor de paranimfen was snel gemaakt, een ouder en een jongere persoon, wat ge-
weest is en wat nog gaat komen, leek me een mooi thema. Ronald Hazewinkel, collega, ik prijs 
me gelukkig dat we elkaar vanaf de opleiding nu 35 jaar meemaken als vakbroeders, golf-
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maten en vrienden. De gespeelde rondes golf zijn niet meer te tellen, cumulatief zouden we
qua kilometers al aardig in de buurt van Santiago de Compostella kunnen zijn. Met je flam-
boyante persoonlijkheid wist je menig (door jou zelf georganiseerd) psychiaterdiner tot een 
succes te maken. Het tekent je inzet voor de psychiaters, ook als voorzitter van de vakgroep. 
Ik ben vereerd dat je op mijn verzoek inging om paranimf te zijn en kijk uit naar vele rondes 
meer.

Sophie Kruisdijk, oudste dochter, jij vertegenwoordigt de toekomst en trad gedeeltelijk in 
mijn voetsporen als psycholoog, maar ook in het wetenschappelijk onderzoek. Opvallend 
genoeg aanvaardde je een functie als hoofd behandeling op een afdeling voor de moeilijkste 
categorie patiënten. Nu kunnen we dus ook collegiaal overleggen naast vader-dochter on-
derwerpen bespreken. Dank dat je energie wilde steken in je rol als paranimf. 
Rest mij mijn familie te bedanken: ouders ik dank jullie voor alle kansen die jullie me gebo-
den hebben. 

Bart, Floor en natuurlijk ook Sophie: bedankt voor de bemoedigende klopjes op mijn schou-
der, de “lekker bezig, pap!” en de kopjes koffie die jullie me brachten als ik weer eens hard 
zat te typen. Bedankt voor het meelezen van mijn teksten, de humor, ontspannende uitstap-
jes naar musea en dat jullie me af en toe hebben teruggehaald naar de werkelijkheid. Ik zie 
uit naar onze gezamenlijke jaarlijkse week vakantie met partners, waar mijn onverdeelde 
aandacht jullie deel zal zijn. 

Lieve Ellen, in de jaren van ons gezamenlijke leven hebben we al heel wat etappes achter de 
rug. Je bent hierin altijd mijn solidaire maatje geweest, zo ook nu. Bedankt voor je onvoor-
waardelijke steun, kritische blik en bemoedigende gesprekken. Hoogtepunten hebben we 
altijd samen gevierd, ook deze dag had ik niet zonder jou willen meemaken. 
De afgelopen 10 jaar onderzoek verrichten, doen me, nu ik dit schrijf, denken aan onze 
“Splügenpass” beklimming met de fiets op weg naar Italië. Een aanloop met de “Via Mala” 
van 7 jaar, erg mooi met wisselende landschappen, soms een hobbel, maar een fantastische 
ervaring. Genoeg tijd voor en met elkaar, afstappen, uitrusten en genieten van het mooie 
uitzicht. De laatste drie jaar de beklimming van de pas. Uitputtend, met name door mijn 
zelfgerichte hyperfocus om de top te bereiken. Door jouw constante aanmoediging, op tijd 
pauzeren en me vrij stellen was dit gelukkig goed te doen. Naderende deadlines, e-mails in 
de vroege uurtjes en meer van dat soort activiteiten, je hebt het allemaal met mij doorstaan. 
Gelukkig vinden we altijd tijd om samen en met onze familie en vrienden leuke dingen te 
ondernemen. Ellen, bedankt dat je me uit de wind hebt gehouden. Laten we de komende tijd 
net zo genieten als de afgelopen 45 jaar.
Want het mooie is… eenmaal de top bereikt, na van het uitzicht genoten te hebben, eindeloos
en moeiteloos samen naar beneden zwieren, naar een prachtig landschap met een schitterend 
meer. Daar gaan we voor. 
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