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ABSTRACT
Objective: The objective of this study was to explore the determinants of adherence in the EFFORT-D
(EFFect Of Running Therapy) study in a specialised mental health care hospital setting.
Methods: Patients with major depressive disorder (MDD) were given treatment as usual and half were
randomised to an exercise intervention. Adherence was measured at 3months (T3) and 6months (T6)
and was defined as participation in the overall study protocol (total n¼ 42, adhered n¼ 28) or interven-
tion (total n¼ 24, adhered n¼ 9). Potential determinants were age, BMI, tobacco and alcohol use, severity
of depression, anxiety, fitness (VO2max kg�1 and Wmax kg�1) and personality traits at baseline. ANOVA,
Chi-square tests and block-wise logistic regression were performed, and reliability of the scales
was determined.
Results: Numbers were found too low for analyses on smoking, drinking and anxiety. Higher agreeable-
ness was significantly associated with better adherence to the overall study protocol (OR 1.2; p¼ 0.03;
95% CI: 1.01–1.4) and severity of depression was negatively associated with adherence in the intervention
group (OR 0.70; p¼ 0.046;95% CI: 0.49–0.99).
Conclusions: To adhere to a study protocol involving exercise or to a clinical exercise programme, MDD
patients need substantial personal support. Measurement of personality traits and the severity of depres-
sion as potential predictors of adherence could be considered for this purpose.

KEYPOINTS

� Adherence to exercise and study protocols in a randomised controlled trial was low
� Patients with severe major depressive disorder need substantial personal support
� Measurement of personality traits could be considered
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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 coun-
tries (World Health Organisation) (Sabate 2003). Adherence is
defined as ‘the process in which a person follows rules, guide-
lines, or standards, especially as a patient follows a prescription
and recommendations for a regimen of care’ (Mosby’s Dictionary
of Medicine, Nursing & Health Professions 2013). In patients with
major depressive disorder (MDD), medication is frequently pre-
scribed, but adherence is low (21–41%) (Keyloun et al. 2017). In
this population, poor adherence is associated with higher medical
costs (Cantrell et al. 2011) and an increased risk of mortality
(Krivoy et al. 2016). Relatively few studies on the treatment of
affective disorders have focussed on adherence problems in MDD
(Lingam and Scott 2002). A narrative review of depressed older
patients (Zivin and Kales 2008) reported the following determi-
nants of adherence to depression treatment: co-morbid anxiety,

substance use, cognitive status, polypharmacy, medical co-mor-
bidity, social support, costs of treatment, gender and race.

Besides medication, MDD of inpatients could in theory be
treated with an add-on exercise regime (Kruisdijk et al. 2012).
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)(Herman et al. 2002), age (higher)
(Krogh et al. 2014) baseline severity of MDD (higher) (Busch et al.
2016), tobacco use (smoking) and alcohol consumption (hazard-
ous drinking) and work flexibility (less flexible) (Helgadottir
et al. 2018).

In our study of the EFFORT-D (Effect of Running Therapy in
Depression) randomised controlled trial (Kruisdijk et al. 2012), we
also observed high levels of drop-out and poor adherence to the
exercise intervention. In a separate qualitative process evaluation,
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we described several factors that influenced the results of the
EFFORT-D trial (Kruisdijk et al. 2018): the observed poor adherence
was associated with the 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 per-
sonality 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 select-
ing patients who would benefit from more support.

We found a Japanese study that describes the relationships of
exercise adherence and personality factors in a (general) hospital
medical fitness (MF) programme (Yamashita et al. 2017). They
report that: ‘In persons with subjective exercise adherence,
“Conscientiousness” was significantly lower (p¼ 0.003) among
men and “Neuroticism” was significantly higher (p¼ 0.018) among
women when compared to persons with subjective exercise
adherence”. Their conclusion is among others that ‘It is essential
to consider personality and gender differences when devising
exercise adherence support measures for the MF program’. Also,
Courneya et al. (2002) describe exercise adherence in cancer survi-
vors using a personality factor model and the theory of planned
behaviour model. They find that independent predictors were sex,
extraversion, normative beliefs, and perceived behavioural control.
So, the role of personality factors on (exercise) adherence remains
still unclear.

Since antiquity, personality traits have been assumed to be
linked with mental disorders (Kotov et al. 2010), but consensus on
personality taxonomy began to emerge only in the 1980s. One
important model consisted of hierarchically ordered traits
(Goldberg 1993), leading to the ‘Big Five model’ of personality
traits: Neuroticism, Extraversion, Agreeableness, Openness and
Conscientiousness (McCrae and Costa 1987). These personality
traits are assumed to have a solid genetic base (Lewis and Bates
2014). Moreover, the five factors were proven to be stable during
adulthood (Costa and McCrae 1994), over a lifespan of 50 years
(Judge et al. 1999) and across cultures and languages (McCrae
2001). 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
(Miller 1991). Lower conscientiousness has been associated with a
poor therapy response, whereas lower agreeableness was shown
to reflect scepticism and antagonistic tendencies in patients, lead-
ing to uncooperative behaviour that frustrated the therapy
(Hoekstra et al. 2007). A study of patients with MDD suggested
that neuroticism is affected by depressive states and by anxiety
states (Lewis et al. 2014). 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 (Karsten et al. 2012).

We therefore analysed adherence in the EFFORT-D study 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 relation to
adherence in patients with MDD who were treated with an exer-
cise intervention.

Aims of the study

To explore possible determinants of adherence, we analysed two
aspects of adherence using data from the EFFORT-D study: (1)
participation in the study protocol as a whole, which included

both the intervention group and control group, and (2) participa-
tion in the exercise intervention. In addition to the ‘Big Five’ fac-
tor personality traits, we had data on the following potential
determinants: age, gender, Body Mass Index (BMI), tobacco and
alcohol use, severity of MDD, anxiety, and fitness (maximum oxy-
gen uptake VO2max kg�1; maximal external power out-
put Wmax kg

�1).

Methods

Sample

The EFFORT-D (EFFect Of Running Therapy) randomised controlled
trial included 48 MDD inpatients (see flow scheme in Figure 1).
All participants received treatment as usual (TAU), and half were
randomly assigned to a six-month, add-on exercise intervention
(outdoor Running or Nordic Walking; one weekly session guided
in a group and one non-guided session). The intervention group
was then compared to the group that received TAU only. The in-
and exclusion criteria, the details of exercise interventions and the
calculated required sample size of the EFFORT-D study have been
extensively described in a full open access design article by
Kruisdijk et al. (2012). Measurements were performed at T0 (base-
line), after 3months (T3), after 6months (T6), and after 12months
(T12). Results of the EFFORT-D study are described elsewhere by
Kruisdijk et al. in an open access article (Kruisdijk et al. 2019).

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 the
standard formula.

� Participants were asked about their tobacco and alcohol use
at baseline using an online electronic questionnaire.
Aggregated variables were smoking: 1¼ never smoked,
2¼ current smoker, 3¼ smoking in the past; drinking:
1¼ never-several times a month, 2¼ 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 good
interrater reliability of .92 (Pearson) and internal consistency
of .82 (Cronbach’s alpha) if used by trained and experienced
outcome assessors (Hermans et al. 1981). It is the most fre-
quently used instrument to measure changes in depressive
symptoms in clinical trials, especially in patients with more
severe depression (Hoencamp et al. 1992). The HAM-D17 in
our study showed a reliability (Cronbach’s alpha) of 0.65 at
T0 (n¼ 44), 0.81 at T3 (n¼ 20) and 0.82 at T6 (n¼ 18).

� Fitness parameters: a submaximal Åstrand bicycle test (this is
an aerobic fitness test that estimates based on the relation-
ship between heart rate during submaximal cycling and sub-
maximal power output – the maximal oxygen uptake) was
performed on a stationary bicycle ergometer (Examiner, Lode
BV, the Netherlands). During this test, the heart rate was reg-
istered with a heart rate monitor (Polar RS 800, Electro Oy,
Finland). The mean heart rate of the last two minutes of the
submaximal bicycle test, combined in a formula with the sub-
maximal workload (approximately 60% of the estimated max-
imal external power that the patient could reach in theory),
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was used to estimate the maximal 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 ¼ 0.94) and was scored as sufficient on tests of conver-
gent and discriminant validity (Fydrich et al. 1992). In our
study, at T0, the BAI anxiety questionnaire showed a reliabil-
ity of 0.97 (Cronbach’s alpha), which is very high. Correlation
of the BAI with the HAM-D17 was 0.39 (p¼ 0.07 different
from zero).

� Personality: the Neuroticism-Extraversion-Openness Five-
Factor Inventory (NEO-FFI) is a 60-item personality question-
naire measuring the five personality traits (factors) making up
the Big Five model for personality: Neuroticism, Extraversion,
Agreeableness, Openness and Conscientiousness. The ques-
tionnaire has a sufficient internal and temporal reliability
from 0.75 to 0.87 across scales (Murray et al. 2003). The total
scores of the five factors were used. At T0 in our study, the
NEO-FFI (n¼ 44) showed the following Cronbach’s alpha val-
ues: Neuroticism 0.77; Extraversion 0.73; Openness 0.54;
Agreeableness 0.72; and Conscientiousness 0.75. Except for
Openness, these are acceptable values.

Adherence

Adherence to the study protocol was operationalised using par-
ticipation in the HAMD-17 measurements at T3 and/or T6 (some

Assessed for eligibility (n=183) 

Excluded (n=135) 
♦ Hamilton score <14 (n=27) 
♦ Training 2 times a week (n=19) 
♦ Medical contraindication (n=35) 
♦ Exercise time not compatible with daily life (n=54) 

11 participants from T3 to T6 
♦ Lost to follow up (n=5), suicide (n=1) 

Completed intervention at T12 n=5 

Lost to follow-up (n=2) 

Discontinued intervention (n=2)  
Reasons: specialised programme in other region (n=1), 
lack of motivation (n=1) 

Intervention group (n=25) 
♦ Received allocated add-on intervention* (n=15) 

(attended <11 sessions n=6; 11-20 sessions n=5; 
>20 sessions n=4 in first 3 months) 

♦ Did not receive allocated intervention (n=10) 
Reasons: lack of motivation (n=3), no show (n=3), 
physical problems (n=3), manic episode (n=1) 
     *=both supervised and unsupervised sessions 

together                

Lost to follow-up (n=5)  

Discontinued standard treatment (n=1) 
Reason: programme in other region (n=1) 

Control group (n=23) 
♦ Received standard treatment (n=13) 
♦ Excluded from control group (n=10) 
Reasons: lack of motivation (n=2), removal (n=2),  
programme in other region (n=1), suicide (n=1), physical 
problems (n=1), disagree with control group (n=1), loss 
of contact (n=2) 

7 participants from T3 to T6 
♦ Lost to follow up (n=3) 

Completed intervention at T12 n=4 

Allocation (T0) 

Randomised n=48         

Enrollment 

Follow-up 6 months (T6) 

Follow-up 3 months (T3) 

Follow-up 12 months (T12)

Available for analysis T0-T3: n=44  

Figure 1. Flow scheme of the EFFORT-D study.
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participants had no T3 measurement but did have measurements
at T6). Members of the intervention group that participated more
than 10 times (ratio of overall sessions in the first three months)
in the Running therapy or the Nordic walking intervention (total
counts of once a week guided and once a week non-guided ses-
sions) were regarded as adherent to the intervention. This cut-off
point was chosen following the per-protocol analyses described in
Kruisdijk et al. (2019) An overview of the numbers of adherent
patients is given in Figure 1: attended <11 sessions n¼ 6; 11–20
sessions n¼ 5; >20 sessions n¼ 4. These numbers are the total of
guided and non-guided sessions as been reported by the guiding
running therapists in the first three months (T6 and T12 were not
available due to low numbers). We were not able to split further
down. The adherence was unexpectedly very low despite great
efforts of all people involved (researchers and co-workers). This
was the main reason that we looked at possible determinants of
this behaviour.

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-adherent (value 0)
groups. Analysis of adherence was performed for the total group
(intervention plus control group; n¼ 44 available for analyses)
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 intervention
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 div-
ided into background variables, mental state variables, fitness vari-
ables, and personality traits. Factors of the NEO-FFI were added in

a block only if the difference in the ANOVA analyses had a signifi-
cance of p< 0.10. This p-value has been chosen to avoid the early
exclusion of NEO variables before checking in the model cor-
rected for other relevant variables. In the model, however, we
used a value of p< 0.05 to explore significant relationships.

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 2 July 2009. All par-
ticipants gave their written informed consent for participation in
the study.

Results

After removing participants with a feasible reason for non-adher-
ence (n¼ 4; see footnote in Table 1), 44 subjects remained for
analysis. Due to very low numbers at T12 (n¼ 9), those measure-
ments could not be used.

Chi-square and ANOVA analyses showed differences in age
(p¼ 0.09), agreeableness (p¼ 0.047), openness (p¼ 0.09) and con-
scientiousness (p¼ 0.07) between the adherent and the non-
adherent subgroups, and these variables with p-values <0.10
were used in the regression analysis on study protocol adherence.
The HAM-D17 scores were lower in the adherence subgroup of
the intervention (p¼ 0.04) and openness was higher (p¼ 0.08);
these variables were also used in the regression analysis.

Tables 2 and 3 show the results of stepwise logistic regression
with four 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 had unfortunately to be omitted in the logistic

Table 1. Characteristics and comparisons of groups: adherence to study protocol or adherence to intervention, and total groups.

Measurements at T0

Adherence to
study

protocol
at T3/T6a

(n¼ 28)

Non-adherence
to study
protocol
at T3/T6
(n¼ 16)

Total
(n¼ 44)b

Chi-square (v2)
ANOVA (F)

Adherence to
intervention
at T3/T6
(n¼ 9)

Non-adherence
to intervention

at T3/T6
(n¼ 16)

Total
(n¼ 25)

Chi-
square
(v2)

ANOVA (F)

Age in years 43.4 (10.0) 38.4 (7.4) 41.6 (9.4) F¼ 2.98� 44.9 (9.6) 41.2 (9.1) 42.5 (9.3) F¼ 0.87
Sex, women % 54 75 61 v2¼ 1.97 77 81 80 v2¼ 0.04
Body Mass Index 27.8 (5.4) 28.9 (7.4) 28.2 (6.1) F¼ 0.37 29.5 (6.0) 28.5 (5.8) 28.8 (5.8) F¼ 0.18
Smoker %c 40 35 36 v2¼0.04 17 33 25 v2¼0.44
Alcohol drinker > 1

time a week %c
23 20 23 v2¼0.03 33 0 17 v2¼2.4

Hamilton
depression score

21.8 (6.1) 23.6 (4.9) 22.2 (5.7) F¼ 0.50 17.6 (2.7) 22.3 (6.1) 20.6 (5.6) F¼ 4.76��

Anxiety BAI scored 13.9 (6.7) 15.6 (8.3) 14.3 (6.9) F¼ 0.21 9.3 (5.2) 12.4 (3.7) 10.7 (4.7) F¼ 1.18
VO2max kg

–1e 32.1 (5.8) 33.7 (9.5) 32.6 (7.3) F¼ 0.43 29.6 (5.8) 30.7 (6.2) 30.3 (5.9) F¼ 0.21
Wmax kg

–1e 2.48 (0.50) 2.64 (0.76) 2.54 (0.60) F¼ 0.68 2.30 (.46) 2.40 (.50) 2.36 (.48) F¼ 0.26
NEO-FFI scoresf

Neuroticism 43.5 (7.7) 45.1 (6.6) 44.1 (7.3) F¼ 0.46 44.9 (7.5) 43.5 (5.7) 44.1 (5.9) F¼ 0.28
Extraversion 35.9 (7.0) 35.6 (6.7) 35.8 (6.8) F¼ 0.03 35.9 (7.5) 38.9 (7.2) 37.6 (7.3) F¼ 0.93
Agreeableness 41.1 (5.9) 37.3 (5.6) 39.7 (6.1) F¼ 4.20�� 39.8 (6.6) 40.4 (7.2) 40.1 (6.9) F¼ 0.04
Openness 37.9 (6.6) 34.9 (3.4) 36.8 (5.8) F¼ 3.03� 40.0 (8.1) 35.6 (3.6) 37.1 (5.9) F¼ 3.36�
Conscientiousness 38.2 (6.3) 41.9 (6.2) 39.5 (6.4) F¼ 3.47� 37.0 (7.7) 42.1 (6.8) 40.2 (7.4) F¼ 2.80

Mean (SD) unless noted otherwise. A: adherent; NA: non-adherent.
aIncluded participants with missing T3 measurements but present at T6 measurements.
bTotal group in study n¼ 48. Removed before analyses: n¼ 1 suicide, n¼ 1 manic episode, n¼ 2 moved to other region.
cSmoking and drinking: n¼ 22; Adherence to study, and n¼ 12 Adherence to intervention, due to missing electronic questionnaires.
dBAI Adherence to study total n¼ 21 (A¼ 16, NA ¼ 5), BAI Adherence to intervention total n¼ 11 (A¼ 6, NA ¼ 5) due to missing electronic questionnaires.
eVO2max kg

�1 and Wmax kg
�1 Adherence to study total n¼ 43 (A¼ 25, NA ¼ 18): 1 cycle test missing.

fTotal adherence to intervention n¼ 24 (1 missing NEO-FFI).�p< 0.10 ��p< 0.05 ���p< 0.01 (2-tailed test).
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regressions. In Blocks 1 and 2 (see Table 2) age appeared at bor-
derline 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, open-
ness and conscientiousness, only agreeableness showed a signifi-
cant result with an odds ratio (OR) of 1.2 (p¼ 0.03); this was a
small effect, with the 95% confidence interval just above 1.
Conscientiousness had borderline significance (p¼ 0.07), 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 3 shows the results of the regression analyses with
adherence to the exercise intervention. In this model, depression
was the only significant predictor: less depression was associated
with more adherence (OR¼ 0.699, Confidence Interval (CI)
0.49–0.99; p¼ 0.046). The model omnibus Chi-square was 13.1
(p¼.069). After inspection of the correlation matrices of both
models we saw no signs of multicollinearity. Only the fitness vari-
ables had a correlation higher than �0.8.

Discussion

We conclude that in this explorative study adherence to the
research protocol of the EFFORT-D study was positively associated
with the level of agreeableness, (OR 1.2; p¼ 0.03; 95%; CI:
1.01–1.4). Adherence to the exercise intervention was negatively
associated with the severity of depression as measured with the
HAM-D17 (OR 0.70, p¼ 0.046; 95% CI: 0.49–0.99). Both results
were corrected for background variables, fitness and other per-
sonality factors. Although the regression models did not reach full
significance (p values between 0.05 and 0.10), the addition of per-
sonality factors in the last regression blocks improved the total
explained variance with almost 20% in both models. These were
promising findings.

To our present knowledge, this was the first study to investi-
gate 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 (Krogh et al. 2014), anxiety (Herman et al. 2002) and
tobacco and alcohol use (Helgadottir et al. 2018) are negative
determinants for adherence, we were unable to confirm these

Table 2. Block-wise logistic regression to predict adherence after 3/6months in EFFORT-D study (total n¼ 42, intervention arm n¼ 28).

Block 1 þ Block 2 þ Block 3 þ Block 4

B OR CI B OR CI B OR CI B OR CI

Background
Age in years (T0) 0.07 1.07� 0.99–1.16 0.07 1.07� 0.99–1.16 0.05 1.05 0.96–1.1 0.02 1.0 0.92–1.1
BMI –0.02 0.98 0.88–1.09 –0.02 0.97 0.87–1.09 –0.22 0.81� 0.64–1.03 –0.12 0.88 0.68–1.1

Mental health
Depression –0.03 0.97 0.86–1.09 –0.08 0.93 0.81–1.06 –0.05 0.95 0.81–1.1
Anxiety not in analysis

Fitness
VO2max kg

–1 –0.12 0.88 0.50–1.6 –0.12 0.89 0.48–1.6
Wmax kg

–1 –0.64 0.53 0–297 –0.46 0.63 0–576
NEO FFIa

Agreeableness 0.19 1.2�� 1.01–1.4
Openness –0.03 0.97 0.80–1.2
Conscientiousness –0.14 0.87� 0.75–1.0

Nagelkerke (pseudo) R-square 0.12 0.13 0.24 0.42
Omnibus Chi-square test for model 3.9 (df ¼ 2) 4.2 (df ¼ 3) 7.8 � (df ¼ 5) 15.2� (df ¼ 8)

B: Beta; OR: Odds Ratio; CI: Confidence Interval. Model: Adherence ¼ 1; Non-adherence ¼ 0; BMI: Body Mass Index.
aOnly factors different for adherence groups.�¼p between 0.05 and 0.10 �� p< 0.05.

Table 3. Block-wise logistic regression to predict adherence after 3months in Effort-D exercise intervention (total n¼ 24, adherence n¼ 9).

Block 1 þ Block 2 þ Block 3 þ Block 4

B OR CI B OR CI B OR CI B OR CI

Background
Age in years (T0) 0.04 1.04 0.94–1.1 0.03 1.03 0.93–1.1 –0.03 0.97 0.83–1.1 –0.15 0.86 0.68–1.1
BMI 0.03 1.03 0.89–1.2 0.01 1.01 0.86–1.2 –0.29 0.74 0.47–1.2 –0.42 0.65 0.38–1.1

Mental health
Depression –0.23 0.8� 0.62–1.0 –0.35 0.71�� 0.51–0.97 –0.36 0.70�� 0.49–0.99
Anxiety not in analysis

Fitness
VO2max kg

–1 –0.18 0.84 0.33–2.1 –1.0 0.91 0.32–2.6
Wmax kg

–1 –2.1 0.12 0–7620 –5.1 0.0 0–1415
NEO FFIa

Agreeableness
Not in analysis
Openness 0.22 1.2 0.94–1.7
Conscientiousness –0.08 .92 0.75–1.1

Nagelkerke (pseudo) R-square 0.04 0.29 0.40 0.57
Omnibus Chi-square test for model 0.78

df ¼ 2
5.8
df ¼ 3

8.5
df ¼ 5

13.1�
df ¼ 7

B: Beta; OR: Odds Ratio; CI: Confidence Interval. Model: Adherence ¼ 1; Non-adherence ¼ 0; BMI: Body Mass Index.
aOnly factors different for adherence groups.�¼p between 0.05 and 0.10; �� p< 0.05.
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findings. This was probably due in part to the low numbers of
cases in our analyses. Moreover, the analyses did not show that
BMI and fitness (VO2max kg�1 and Wmax kg�1 were specific deter-
minants for this RCT) determine adherence. The negative associ-
ation of adherence in the exercise intervention with depression
was in accordance with previous research (Stubbs et al. 2016).

Overall, the means of the NEO-FFI scores in the total research
group showed significant differences on all personality traits and
even 30% more neuroticism compared to the scores of a ‘general’
population in an age group between 25 and 49 years (Hoekstra
et al. 2007). However, compared with an MDD-affected population
(N¼ 800) in the Netherlands Study of Depression and Anxiety
(Karsten et al. 2012), the mean of the scores in the EFFORT-D
study are largely comparable (see Table 4), except that agreeable-
ness is somewhat lower in our sample. This demonstrated the val-
idity of our findings.

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 0.72 in this sample, and that this personality domain is not
state dependent in MDD (Costa and McCrae 1994; Judge et al.
1999; McCrae 2001; Lewis and Bates 2014), this suggests that it
could be an independent predictor of adherence in other MDD
studies as well. As NEO-FFI is easily accessible, short
(15–20minutes), self-rating questionnaire, 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.

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 previ-
ously (Stubbs et al. 2016) and was also shown in the EFFORT-D
process evaluation (Kruisdijk et al. 2018). For future research and
for exercise programmes as an add-on to MDD treatment proto-
cols, this means that severe MDD patients need even more per-
sonal support maintaining exercise than was offered in our study.
This category of patients may have a medical indication to exer-
cise to prevent cardiovascular problems (Vancampfort et al. 2017),
so an even greater effort of supporting staff is needed, perhaps
comparable with intensive physiotherapeutic revalidation pro-
grammes. For example, adaptation 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. (2015). Their 6-weeks
study involved exercising with MDD inpatients in an inside fitness
environment, and their results were superior to ours, where
patients received guided and unguided sessions outside.
Furthermore, the poor exercise adherence (even if only 10 ses-
sions were required to be labelled as adherent) of most depressed

patients seems to originate from the 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 (Keyloun et al. 2017). Therefore, 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 (n¼ 44). The results should therefore be interpreted cau-
tiously. Due to this lack of power, we could have missed import-
ant predicting variables that were reported in previous studies.
Also, we did not look at cross-cultural factors. Furthermore, the
reliability score of the HAM-D17 at baseline was rather low (0.65)
and increased at T3 and T12 (>0.80). 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.

Lessons learned

In conclusion, this quantitative analysis agrees with our qualitative
analysis and underlines the previous conclusion that severe MDD
patients need extensive personal support from staff to maintain
an exercise programme. These patients are at higher risk for car-
diovascular 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 adher-
ence. This is because personality traits – in particular agreeable-
ness – appear to be possible predictors of study adherence. This
could mean that patients with low levels of agreeableness need a
lot more guidance and support to enter and adhere to a study
protocol than patients with higher agreeableness levels.

Acknowledgements

The authors wish to thank all patients who participated in
this study.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported with an unrestricted gift by the former
‘Open Ankh Foundation’ (since March 2008 ‘Zorgco€operatie
Nederland’) under Grant number [SG 32.06].

Table 4. Comparison of NEO-FFI scores of the EFFORT-D study sample with the general Dutch population and the NESDA
study sample.

EFFORT-D study sample General Dutch populationa NESDA study sampleb

n¼NEO-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

Mean (SD); t-tests; NS: non-significant.
aMcCrae (2001).
bNetherlands Study of Depression and Anxiety (Karsten et al. 2012).�p< 0.01 �� p< 0.001.
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