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Research paper 

Antidepressants or running therapy: Comparing effects on mental and 
physical health in patients with depression and anxiety disorders 

Josine E. Verhoeven a,*, Laura K.M. Han a, Bianca A. Lever-van Milligen a, Mandy X. Hu a, 
Dóra Révész b, Adriaan W. Hoogendoorn a, Neeltje M. Batelaan a, Digna J.F. van Schaik a, 
Anton J.L.M. van Balkom a, Patricia van Oppen a, Brenda W.J.H. Penninx a 

a Department of Psychiatry, Amsterdam UMC, Vrije Universiteit Amsterdam, Amsterdam Public Health Research Institute & Amsterdam Neuroscience, Oldenaller 1, 
Amsterdam, the Netherlands 
b Center of Research on Psychological and Somatic Disorders (CoRPS), Department of Medical and Clinical Psychology, Tilburg University, Tilburg, the Netherlands   
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A B S T R A C T   

Background: Antidepressant medication and running therapy are both effective treatments for patients with 
depressive and anxiety disorders. However, they may work through different pathophysiological mechanisms 
and could differ in their impact on physical health. This study examined effects of antidepressants versus running 
therapy on both mental and physical health. 
Methods: According to a partially randomized patient preference design, 141 patients with depression and/or 
anxiety disorder were randomized or offered preferred 16-week treatment: antidepressant medication (escita
lopram or sertraline) or group-based running therapy ≥2 per week. Baseline (T0) and post-treatment assessment 
at week 16 (T16) included mental (diagnosis status and symptom severity) and physical health indicators 
(metabolic and immune indicators, heart rate (variability), weight, lung function, hand grip strength, fitness). 
Results: Of the 141 participants (mean age 38.2 years; 58.2 % female), 45 participants received antidepressant 
medication and 96 underwent running therapy. Intention-to-treat analyses showed that remission rates at T16 
were comparable (antidepressants: 44.8 %; running: 43.3 %; p = .881). However, the groups differed signifi
cantly on various changes in physical health: weight (d = 0.57; p = .001), waist circumference (d = 0.44; p =
.011), systolic (d = 0.45; p = .011) and diastolic (d = 0.53; p = .002) blood pressure, heart rate (d = 0.36; p =
.033) and heart rate variability (d = 0.48; p = .006). 
Limitations: A minority of the participants was willing to be randomized; the running therapy was larger due to 
greater preference for this intervention. 
Conclusions: While the interventions had comparable effects on mental health, running therapy outperformed 
antidepressants on physical health, due to both larger improvements in the running therapy group as well as 
larger deterioration in the antidepressant group. 
Trial registration: Trialregister.nl Number of identification: NTR3460.   

1. Introduction 

Depressive and anxiety disorders cause immense suffering by 
compromising both mental and physical health (Cosci et al., 2015; 
Penninx et al., 2013), and the need for effective treatment strategies 
continues to be pressing. Antidepressant medication is, next to psycho
therapy, considered a standard first-line treatment with moderate 
effectiveness and sufficient tolerability (Bandelow et al., 2015; Cuijpers 
et al., 2020). However, antidepressants are not effective for all and often 

associated with side effects (Hu et al., 2004). An interesting alternative 
treatment is exercise therapy. Meta-analyses showed that for mild to 
moderate depression the effect of exercise interventions is comparable 
to antidepressant medication and psychotherapy (with largest effects for 
aerobic exercise with at least moderate intensity, supervised by exercise 
professionals), while for severe depression exercise interventions seems 
to be a valuable complementary therapy (Knapen et al., 2015; Schuch 
et al., 2016). For persons with anxiety disorders, exercise interventions 
also showed similar effectiveness to established treatments, although the 
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number of studies are fewer and of varying quality (Stonerock et al., 
2015; Wegner et al., 2014). While antidepressants and exercise in
terventions may have a comparable impact on mental health (Blumen
thal et al., 2007), their impact on physical health is poorly examined in a 
psychiatric population. 

Antidepressant and exercise therapies differ with respect to their 

underlying pathophysiological changes and may consequently differ in 
their impact on physical health. On psychosocial and behavioral levels, 
antidepressant medication and exercise are contrasting types of in
terventions. Treatment with antidepressants requires patients to adhere 
to their prescribed medication intake but this generally does not directly 
impact on daily behaviors. In contrast, exercise directly addresses the 

Fig. 1. Study flowchart.  

J.E. Verhoeven et al.                                                                                                                                                                                                                           



Journal of Affective Disorders 329 (2023) 19–29

21

sedentary lifestyle often found in patients with depressive and anxiety 
disorders by encouraging persons to go outside, set personal goals, 
improve their fitness and participate in a group activity (Knapen et al., 
2015). On a biological level, antidepressant and exercise interventions 
have both shown to impact neurobiological and physiological pathways 
(Wegner et al., 2014). For instance, exercise has been shown to reduce 
oxidative stress (Nojima et al., 2008), inflammation (Fedewa et al., 
2017), cortisol (Karacabey, 2009) and metabolic syndrome dysregula
tion (You and Nicklas, 2008). In contrast, some studies showed that 
selective serotonin re-uptake inhibitors (SSRIs) resulted in increased 
body weight (Serretti and Mandelli, 2010), parasympathetic tone (Licht 
et al., 2010) and inflammatory levels (Hernandez et al., 2008). A recent 
study comparing exercise with escitalopram in 128 patients with coro
nary heart disease (CHD) and anxiety disorder showed that exercise 
increased maximum oxygen uptake more but found no differences in 
heart rate variability and endothelial function (Blumenthal et al., 2021). 
While these studies are suggestive of differential physical health im
pacts, comparative evidence of the two different interventions in pa
tients with depression and anxiety disorders is lacking. 

Understanding the impact of antidepressants and exercise on phys
ical health is clinically relevant for several reasons. Persons with 
depressive and anxiety disorders have an increased risk of a range of 
physical illnesses such as cardiovascular disease, diabetes and obesity 
(Cosci et al., 2015), thus detecting which treatment safeguards physical 
health might help prevent or reduce such morbidity. Furthermore, it 
might help uncover mechanisms through which interventions exert their 
antidepressant or anti-anxiolytic effects, and to identify patient sub
groups with certain biological dysregulations that might respond better 
to antidepressants or exercise, which could ultimately benefit person
alized treatment. This 16-week intervention study is the first to examine 
and compare the impact of antidepressant medication and exercise 
(running therapy) on mental (diagnosis status and symptom severity) 
and physical health (metabolic and immune indicators, heart rate 
(variability), weight, lung function, hand grip strength, fitness) variables 
in a sample of depressed and/or anxiety disorder patients. Based on 
earlier research we hypothesized that the interventions would not differ 
on mental health outcomes but might show differential physical health 
outcomes. 

2. Methods 

2.1. Study design 

The MOod Treatment with Antidepressant or Running (MOTAR) 
study is a 16-week intervention study with two treatment arms: 1) an
tidepressant medication and 2) running therapy. Participants were 
recruited at depression and anxiety outpatient clinics of GGZ inGeest, a 
specialized mental health care organization in the Netherlands, affili
ated to Amsterdam UMC. Inclusion criteria were having a current 
depressive disorder (major depressive disorder) or anxiety disorder 
(social phobia, generalized anxiety disorder, panic disorder, agora
phobia) as ascertained by the DSM-IV algorithms with the Composite 
International Diagnostic Interview (CIDI) (Wittchen, 1994) and being 
between 18 and 70 years old. Exclusion criteria were: 1) use of antide
pressants in last 2 weeks; 2) current use of other psychotropic medica
tion, except for the use of benzodiazepines with stable (not incidental) 
usage; 3) regular exercising more than once a week; 4) primary severe, 
clinically diagnosed psychiatric diagnosis other than a depressive or 
anxiety disorder; 5) evidence of acute suicidal risk; 6) somatic contra- 
indications to running therapy or antidepressants (e.g. serious heart 
problems) as confirmed by the patient’s physician; and 7) being 
pregnant. 

Informed consent approved by the Medical Ethical Committee was 
signed before starting the baseline assessment. A 4-hour face-to-face 
assessment at baseline (T0) and 16-week post-treatment (T16) 
included a blood draw; the collection of demographic information, a 

diagnostic psychiatric interview, a somatic examination, and a cycle 
ergometer test. Further, participants were instructed to complete 
various self-reported clinical questionnaires. Additionally, at week 6 
(T6) and week 10 (T10) depression and anxiety symptom severity was 
assessed by self-reported questionnaires. For each face-to-face assess
ment, patients received a gift voucher of €50. A complete overview of 
the data collection can be found in Van Milligen et al. (2019). 

2.2. Treatment allocation 

This study was designed as a pragmatic study, resembling a partially 
randomized preference patients design (Lambert and Wood, 2000). 
Those without strong preference for treatment allocation were randomly 
allocated (1:1) to either antidepressant medication or running therapy 
with the SPSS random generator (SPSS, version 20.0). Persons who were 
not willing to be randomized but willing to participate in the study, were 
allocated to their preferred intervention. Additional psychotherapy ac
cording to care-as-usual was allowed in both treatment conditions. This 
was defined as having received 5 or more sessions psychotherapy 
(including CBT, EMDR, IPT, CBASP or counseling) between the T0 and 
T16. After 16 weeks, further treatment was conducted following clinical 
guidelines by the responsible clinician. 

2.3. Interventions 

2.3.1. Antidepressant medication 
Patients received standardized treatment with escitalopram, a SSRI 

which has documented efficacy and a rather favorable side effect profile. 
Escitalopram is recommended as a first-step treatment in depression and 
anxiety disorder treatment guidelines (Trimbos) and is a commonly 
prescribed antidepressant (Kennedy et al., 2009). An initial dosage of 10 
mg per day was used. Medication management was provided by a psy
chiatrist who met each patient at study onset and at weeks 2, 6, 10 and 
16. At these meetings, the psychiatrist evaluated treatment response, 
side effects and possibly increased the dosage (to a maximum of 20 mg) 
according to the Dutch evidence-based treatment guidelines in depres
sive and anxiety disorder, until a clinically effective dosage was ach
ieved (Trimbos). Following the medication protocol, if escitalopram was 
ineffective or poorly tolerated, a second SSRI was prescribed: sertraline, 
with dosage of 50 mg to a maximum of 150 mg. Adherence to treatment 
was evaluated by a patient’s diary and administration log by the psy
chiatrist. Being antidepressant adherent was defined as still using 
medication at the post-treatment assessment. 

2.3.2. Running therapy 
Running therapy consisted of supervised 45-min outdoor running 

sessions during 16 weeks. The target was to get persons to participate in 
these exercise sessions two to three times a week, because this is in line 
with the public health recommendations by CDC/American College of 
Sports Medicine (Department of Health and Human Services, 2018) and 
its established successful effects on depression and anxiety (Carek et al., 
2011; Dunn et al., 2005). Patients were gradually assigned individual 
training ranges equivalent to 70–85 % of their heart rate reserve, 
calculated from the heart rate achieved during a baseline cycle ergom
eter test with the formula of Karvonen et al. (1957). This intensity level 
was confirmed to be effective in decreasing depressive symptoms 
(Rethorst et al., 2009). At the beginning of the running intervention, the 
running therapist discussed experience of exercise in the past, and 
provided information about food, moisture balance, fatigue, injuries, 
sleep and recovery. Running sessions were carried out and supervised by 
qualified staff, starting with a 10-minute warming-up exercise period, 
followed by 30 min of jogging at an intensity that maintained heart rate 
within the assigned training range (starting in the first 4 weeks at 50–70 
% of heart rate reserve and in the subsequent 12 weeks at 70–85 % of 
heart rate reserve), and finishing with 5 min of cooling-down exercises. 
During the running sessions, all participants wore a heart rate monitor. 
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Heart rate was confirmed three times per session to ensure that patients 
were exercising within the prescribed exercise training ranges. Data of 
the heart rate monitor was uploaded after sessions and used to 
encourage study compliance. Patients were stimulated to participate in 
at least two of the organized exercise group sessions per week, but if not 
possible, home-based individual exercise was partly allowed. The trainer 
monitored training attendance, which was supplemented by the heart 
rate monitor data. Following evidence-based recommendations 
(Rethorst and Trivedi, 2013), being running therapy adherent was 
defined as exercising at least 70 % of the target of two times per week for 
16 weeks (=0.70 * (2 * 16) = 22.4), so those with >22 sessions of 
running therapy within 16 weeks were considered compliant. Studies 
with lower compliance rates (of 1 time per week or lower) were often 
not able to show an antidepressant effect of exercise in MDD patients (e. 
g., Krogh et al., 2009). 

2.4. Outcomes 

2.4.1. Descriptive variables 
Age, sex, obtained years of education, partner status, cigarette 

smoking, regular alcohol intake (assessed with the AUDIT questionnaire 
(Saunders et al., 1993)) and age at onset of psychiatric diagnosis were 
assessed at baseline. 

2.4.2. Mental health outcomes 
The presence of depressive disorders (major depressive disorder) 

and/or anxiety disorders (social phobia, generalized anxiety disorder, 
panic disorder and agoraphobia) was established at T0 and at T16 using 
the CIDI, which is a valid and reliable instrument to assess depressive 
and anxiety disorders (Wittchen, 1994) and was administered by 
specially trained research staff. Severity of depression was measured 
using the 30-item Inventory of Depressive Symptomatology – Self Report 
(IDS-SR) (Rush et al., 1996) and severity of anxiety was measured with 

Table 1 
Pre-treatment sample characteristics by treatment group (total n = 141).   

N Running therapy Antidepressant use p-value 

Sociodemographics 
Age in years, mean (sd)  141 38.8 (11.5) 36.8 (11.8)  .351 
Sex, no. (% female)  141 58 (60) 24 (53)  .427 
Years of education, mean (sd)  138 11.5 (3.1) 11.5 (3.5)  .877 
Partner status, no. (% married or partner)  141 65 (68) 25 (56)  .162  

Lifestyle characteristics 
Smoking status, no. (%)  126    .729 

Never smoked 42 (48) 16 (41) 
Former smoker 19 (22) 9 (23) 
Current smoker 26 (30) 14 (36) 

Alcohol (AUDIT sum score), mean (sd)  131 2.2 (3.4) 2.2 (3.4)  .961 
Body mass index (kg/m2), mean (sd)  141 25.6 (5.2) 25.5 (4.8)  .895  

Mental health characteristics 
Diagnosis (past month), no. (% yes)  141    

Major depressive disorder  71 (74) 39 (87)  .089 
Social phobia  41 (43) 17 (38)  .579 
Panic disorder  35 (37) 20 (44)  .365 
Agoraphobia  30 (31) 15 (33)  .805 
Generalized anxiety disorder  30 (31) 11 (24)  .407 

Number of diagnoses, mean (sd)  141 2.2 (1.1) 2.3 (1)  .585 
Age at onset (years), mean (sd)  141 21.8 (13.0) 23.2 (14.2)  .566 
Depressive severity symptoms (IDS-SR), mean (sd)  135 40.5 (13.5) 46.0 (13.2)  .028 
Anxiety severity symptoms (BAI), mean (sd)  135 24.2 (13.0) 26.1 (13.4)  .437 
Psychotherapy during study, No. (% yes)  123 40 (48) 22 (55)  .479  

Physical health characteristics 
Lung function (l/min), mean (sd)  141 4.2 (1.2) 3.9 (1.4)  .174 
Hand grip strength (kg), mean (sd)  141 36.0 (12.3) 39.8 (12.6)  .094 
VO2max (ml/kg/min), mean (sd)  136 32.8 (9.9) 34.3 (9.9)  .412 
Diastolic blood pressure (mm Hg), mean (sd)  141 76.6 (9.0) 75.5 (9.0)  .509 
Metabolic syndrome     

Waist (cm), mean (sd)  141 88.0 (15.6) 88.9 (13.7)  .734 
Glucose (mmol/l), mean (sd)  130 5.5 (0.7) 5.4 (0.5)  .439 
Triglycerides (mmol/l), mean (sd)  132 1.2 (0.8) 1.2 (0.7)  .706 
HDL-cholesterol (mmol/l), mean (sd)  138 1.5 (0.4) 1.3 (0.4)  .728 
Systolic blood pressure (mm Hg), mean (sd)  141 128.1 (13.4) 127.8 (16.8)  .890 

Cardiac autonomic activity     
Heart rate (beats/min), mean (sd)  129 75.7 (9.3) 75.9 (10.9)  .896 
Heart rate variability (ms), mean (sd)  128 69.0 (29.1) 78.4 (33.1)  .106 
Pre-ejection period (ms), mean (sd)  129 106.8 (19.7) 110.4 (19.1)  .327 

Inflammation     
Interferon-gamma (pg/ml), mean (sd)  137 12.3 (12.1) 11.5 (10.4)  .704 
Interleukin-6 (pg/ml), mean (sd)  137 0.68 (0.42) 0.71 (0.46)  .744 
Tumor necrosis factor-alpha (pg/ml), mean (sd)  137 1.44 (0.40) 1.47 (0.38)  .701 
C-reactive protein (mg/l), mean (sd)  137 2.62 (3.51) 2.51 (3.01)  .857 

Note. Means, standard deviations and p-values are raw results derived from unimputed data. 
Abbreviations. BAI=Beck Anxiety Inventory; HDL = high-density lipoprotein; IDS-SR = Inventory of Depressive Symptoms-Self Report; VO2max = maximal oxygen 
uptake; sd = standard deviation. 
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the 21-item Beck Anxiety Inventory (BAI) (Beck et al., 1988) at T0, T6, 
T10 and T16. Two primary mental health outcomes were 1) remission, 
which was defined as no longer meeting the criteria of a current (1- 
month recency) depressive disorder or an anxiety disorder at T16 as 
assessed with the CIDI; and 2) response, which was defined as symptom 
severity reduction of at least 50 % and was calculated separately for the 
IDS-SR and the BAI. 

2.4.3. Physical health outcomes 
All physical health outcomes were assessed at T0 and T16. Fasting 

blood was drawn from participants in the morning between 08:30 and 
09:30 h. HDL-cholesterol, triglycerides, and glucose levels were deter
mined using routine standardized laboratorial methods. Serum levels of 
Interferon-gamma (IFN-γ), Interleukin-6 (IL-6), and Tumor Necrosis 
Factor-alpha (TNF-α) were measured using a multiplex sandwich 
immunoassay (V-PLEX Human Proinflammatory Panel I, Meso Scale 
Diagnostics, Rockville, MD, USA) with a lower detection limit of 
0.21–0.62 pg/ml for IFN-γ, 0.05–0.09 pg/ml for IL-6, and 0.01–0.13 pg/ 
ml for TNFα. Serum levels of C-Reactive Protein (CRP) were measured in 
duplicate by an in-house high-sensitivity enzyme linked immunosorbent 
assay (ELISA, CRPHS, Roche Diagnostics, Indianapolis, IN, USA) based 
on purified protein and polyclonal anti-CRP antibodies (Dako, Glostrup, 
Denmark) with a lower detection limit of 0.15 mg/l and a functional 
sensitivity of 0.3 mg/l. 

Activity of the autonomic nervous system was measured using the 
VU-ambulatory monitoring system (VU-AMS) of which reliability and 
recording methodology have been described previously (de Geus et al., 
1995). Also, blood pressure (mm Hg), waist circumference (cm), weight 
(kg) and height (cm) were assessed. Furthermore, hand grip strength 
(kg) was measured with the Jamar hand grip meter (Roberts et al., 2011) 
and lung function (peak expiratory flow (PEF), in l/min) using the Mini 
Wright peak flow meter (Quanjer et al., 1997). Physical fitness was 
determined as maximal oxygen uptake (VO2max in ml/kg/min), esti
mated from the heart rate response using a 6-minute bicycle ergometer 

test with the Ästrand method (Vancampfort et al., 2014) on a Lode 
Corival indoor bike. Persons were wearing a Polar heart rate monitor, 
which first measured their resting heart rate on the bike, and at each 
consecutive minute their heart rate during activity. For each participant, 
the W1 (i.e., 33 % of estimated maximum resistance Wmax) was calcu
lated using different formulas for men (W1 = height2 × 6.13 × (4.66 −
0.02 × age)) and women (W1 = height2 × 5.25 × (4.35 − 0.02 × age)). 
Participants cycled 3 min at W1 at 60-70 rpm, and subsequently 6 min at 
W2 (i.e., 66 % of Wmax). VO2max scores for men and women were ob
tained from W2 and the final heart rate. 

2.5. Statistical analyses 

Baseline characteristics were presented per treatment condition and 
equality between groups was tested either using ANOVA or a Chi-square 
test. If differences existed, baseline characteristics were added as cova
riates in the main analyses comparing changes in both treatment groups. 
Effect modification of inclusion type (randomized versus preferential 
choice) was tested by adding the interaction term (inclusion type-by- 
treatment group) to the main analyses. If the interaction term was not 
statistically significant, analyses were further conducted with both types 
of inclusion combined within treatment group. 

According to the intention-to-treat principle, participants were 
analyzed according to their treatment allocation group, regardless of 
whether they actually received the treatment or completed the study. 
Missing data were accounted for by using multiple imputation with 100 
data sets, and results were pooled using the Rubin rules (Rubin, 2004). 
Imputation was carried out separately by treatment condition (Sullivan 
et al., 2018) and first transformed-then-imputed (Seaman et al., 2012). 
Subsequently, 16-week change scores (T16-T0) of all mental and phys
ical health outcome variables were compared between treatment con
ditions with ANCOVA analyses that controlled for baseline values of the 
variables. Within-group differences were calculated with paired t-tests. 
For depressive and anxiety severity outcomes specifically, generalized 

Table 2 
Observed changes for all outcome measures in the intention-to-treatment sample stratified by treatment group (n = 141).   

Running therapy (n = 96) Antidepressant use (n = 45) Cohen’s d p-Value 

Mental health outcomes 
Remission (% no diagnosis at T16) 43.3 (5.8) 44.8 (8.3) 0.02  .881 
Response (50 % reduction on IDS-SR) 30.3 (5.1) 34.2 (8.9) 0.07  .730 
Response (50 % reduction on BAI) 32.4 (6.4) 47.2 (9.8) 0.26  .196  

Physical health outcomes (change score T16-T0) 
Lung function change 30.6 (10.7) 16.0 (12.7) 0.15  .378 
Hand grip strength change 0.5 (1.0) 1.8 (1.2) 0.14  .399 
VO2max change 2.1 (1.1) − 0.3 (1.2) 0.25  .149 
Weight change − 0.6 (0.7) 3.3 (1.0) 0.57  .001 
Diastolic blood pressure change − 2.9 (1.0) 1.9 (1.2) 0.53  .002 
Metabolic syndrome     

Waist change − 1.6 (0.8) 1.5 (0.9) 0.44  .011 
Glucose change 0.05 (0.09) 0.10 (0.12) 0.06  .722 
Triglycerides change 0.05 (0.10) 0.23 (0.12) 0.20  .231 
HDL-cholesterol change 0.03 (0.06) 0.01 (0.07) 0.04  .763 
Systolic blood pressure change − 2.5 (1.6) 3.8 (1.8) 0.45  .011 

Cardiac autonomic activity     
Heart rate change − 3.4 (1.1) − 0.1 (1.1) 0.36  .033 
Heart rate variability changea 1.2 (3.8) − 14.4 (3.9) 0.48  .006 
Pre-ejection period change − 2.8 (3.0) − 2.4 (2.9) 0.02  .924 

Inflammation     
Interferon-gamma change 1.85 (1.73) − 0.05 (1.86) 0.13  .463 
Interleukin-6 change 0.10 (0.07) 0.11 (0.09) 0.02  .942 
Tumor necrosis factor-alpha change 0.06 (0.06) 0.07 (0.08) 0.02  .940 
C-reactive protein change 0.62 (0.45) 1.53 (0.48) 0.24  .167 

Note. Results shown are pooled estimated marginal means and standard errors derived from multiple imputed data in univariate analyses. Models were adjusted for 
baseline levels of the variable and baseline IDS-SR score. 
Abbreviations. BAI=Beck Anxiety Inventory; HDL = high-density lipoprotein; IDS-SR = Inventory of Depressive Symptoms-Self Report; VO2max = maximal oxygen 
uptake. 

a Heart rate variability was additionally corrected for respiration rate. 
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estimating equations (GEE) longitudinal analyses of covariance 
(ANCOVA) with an exchangeable correlation structure were used to 
model scores at T0, T6, T10 and T16 both treatment conditions. Last, in 
per-protocol analyses ANCOVA analyses were repeated for participants 
that adhered to the treatment protocols. 

3. Results 

Between July 2012 and July 2019, 240 patients were approached by 
means of a telephone screening, of which 141 were willing to participate 
and eligible for the trial, see study flowchart in Fig. 1. Out of 141 par
ticipants, 22 were willing to be randomized into the antidepressant (n =
9) or the running therapy (n = 13) groups, while 119 participants chose 
the treatment of their preference: antidepressant (n = 36) or running 
therapy (n = 83). 

Table 1 shows pre-treatment characteristics per treatment interven
tion group, where inclusion type (randomized versus preferential 
choice) was combined. Baseline characteristics were comparable be
tween the groups except for the depression severity (IDS-SR) score 
which was higher for the antidepressant group (mean = 46.0; s.d. =
13.2) compared to the running therapy group (mean = 40.5; s.d. = 13.5; 
p = .028). Therefore, in all subsequent between-group analyses, baseline 
IDS-SR was included as a covariate. Approximately half of the partici
pants received psychotherapy according to care-as-usual between T0 
and T16. This did not differ between the intervention groups as shown in 

Table 1. 
Of the 141 patients, 110 (78.0 %) completed the T16 assessment. The 

31 participants who dropped-out were younger, more often current 
smokers, had a higher number of diagnoses and higher symptom 
severity. Drop-out rates did not significantly differ across the treatment 
groups (antidepressant use: n = 12, 26.7 %; running therapy: n = 19, 
19.8 %; p = .24). 

3.1. Treatment adherence 

In the antidepressant group, 82.2 % (N = 37) of all participants 
adhered to the medication treatment protocol. In the running therapy 
group, 52.1 % (N = 50) of participants completed >22 sessions of ex
ercise therapy. On average, participants attended 23.7 (SD = 19.0) ex
ercise therapy sessions. It should be noted that 14 participants (15 %) 
did not start with the running therapy intervention at all and 16 par
ticipants (17 %) participated in <9 sessions. The treatment adherence 
was significantly higher in the antidepressant group compared to the 
running therapy group (p < .001). Average treatment adherence did not 
differ between those that were randomized (59.1 %) or chose the 
treatment of their preference (62.2 %; p = .79). 

3.2. Intention-to-treat analyses 

We first checked on the potential impact of inclusion type 
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Fig. 2. Trajectories for the (A) depression (IDS-SR) and (B) anxiety (BAI) symptom severity over 16 weeks for the antidepressant use (n = 45) and running therapy (n 
= 96) groups. 
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Fig. 3. Plots showing the within-group pre-post intervention changes by treatment group (n = 141).  
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(randomization versus preference) by adding an “inclusion type-by- 
treatment” interaction term to all main ANCOVA analyses. However, 
none of the interaction effects were statistically significant, showing that 
inclusion type did not impact the results. Consequently, we subsequently 
combined groups within treatment arm, resulting in a total of 45 par
ticipants in the antidepressant group and 96 participants in the running 
therapy group. 

3.2.1. Mental health outcomes 
Remission rates did not significantly differ between the two groups 

and were 43.3 % for the running therapy group and 44.8 % in the an
tidepressant group (Cohen’s d = 0.02; p = .88), as shown in Table 2. 
Furthermore, response rates on the IDS-SR were 30.3 % for the running 
group and 34.2 % for the antidepressants group (Cohen’s d = 0.07; p =
.73); and on the BAI were 32.4 % and 47.2 % for running and antide
pressants groups, respectively (Cohen’s d = 0.26; p = .20). Fig. 2 shows 
the longitudinal GEE analyses of the IDS-SR and BAI trajectories over T0, 
T6, T10 and T16. Estimated means depicted in Fig. 2A show no statis
tically significant group-by-time interaction effect (F(3,4288)=1.16, p =
.33), illustrating that the decline in IDS-SR score did not statistically 
differ between treatment groups. Similarly, there was no significant 
overall group-by-time interaction effect for the BAI trajectory (F(3,3561) 
= 1.66; p = .17) over 16 weeks, as shown in Fig. 2B. When considering 
the specific time points separately, however, there was a significant 
group-by time interaction at week 6 (B = 5.7; p = .039), showing that 
the drop in BAI score was 5.7 points larger in the antidepressant group 
(mean = − 7.3) compared to the running group (mean = − 1.6), indi
cating a slightly faster improvement but no overall difference over the 
entire treatment period. 

Within-group analyses showed significant pre-post intervention de
creases on the IDS-SR and BAI in both groups, see Fig. 3A and B. It must 
be noted that despite reaching remission, remitted participants still had 
considerable depressive and anxiety symptomatology. 

3.2.2. Physical health outcomes 
Participants in the two treatment groups showed significantly 

different changes in several physical health outcomes, namely weight 
(Cohen’s d = 0.57; p = .001), waist circumference (Cohen’s d = 0.44; p 
= .011), systolic (Cohen’s d = 0.45; p = .011) and diastolic (Cohen’s d =
0.53; p = .002) blood pressure, heart rate (Cohen’s d = 0.36; p = .033) 
and heart rate variability (Cohen’s d = 0.48; p = .006), see Table 2. 
Generally, physical health changes were more favorable in the running 
therapy group, both due to larger improvements in the running therapy 
group but also due to larger deterioration in the antidepressant group (i. 
e., opposite effects). Within-group pre-post intervention analyses in the 
running therapy group showed a significant decrease in heart rate 
(mean = − 3.2; p = .037), waist circumference (mean = − 1.0; p = .001) 
and an increase in lung function (mean = +29.4; p = .048). Further, the 
antidepressant group showed a significant within-group decrease in 
heart rate variability (mean = − 17.0; p < .001), an increase in weight 
(mean = +3.2; p = .022) and CRP (mean = +1.59; p < .001), and 
borderline significant increases in diastolic blood pressure (mean =
+2.1; p = .074) and triglycerides (mean = +0.24; p = .057), see 
Fig. 3C–3J. See Online Supplementary Fig. S1 for an overview of all 
within-group changes. 

3.3. Per-protocol analyses 

Per-protocol analyses for 50 patients in the running therapy group 
and 37 in the antidepressant group that were treatment compliant were 
presented in online Supplementary Table S1. Here, again, no group 
differences were found on remission or response outcomes. Further, 
Supplementary Table 1 showed that in those that adhered to treatment 
protocol, the treatment groups differed in changes in weight, waist, 
systolic and diastolic blood pressure, triglycerides, heart rate, heart rate 
variability and CRP. Within-group analyses in the running therapy 

group showed a significant increase in lung function (mean = +30.6; p 
= .002) and VO2max (mean = +2.9; p = .012) and significant decreases 
in waist circumference (mean = − 1.6; p = .015), diastolic blood pres
sure (mean = − 2.9; p = .011) and heart rate (mean = − 4.3; p < .001). 
Within-group analyses in the antidepressant group showed a significant 
increase in weight (mean = +3.0; p = .024), CRP (mean = +1.5; p <
.001) and grip strength (mean = +2.2; p = .042) and a decrease in heart 
rate variability (mean = − 16.4; p < .001). Again, physical health 
changes were more favorable in the running therapy group. 

4. Discussion 

This 16-week intervention study compared the impact of antide
pressant medication and running therapy on mental and physical health 
in a sample of depressed and/or anxiety disorder patients in a partially 
randomized patient preference design. Several important conclusions 
can be drawn. First, both interventions did not differ significantly on 
mental health outcomes. After 16 weeks, 45 % of patients in the anti
depressant group vs. 43 % in the running group no longer had a DSM-IV 
based depression or anxiety disorder. Also, 50 % response rates did not 
differ between the treatment groups. Second, intention-to-treat analyses 
showed that the groups significantly differed on changes in physical 
health, namely in weight, waist circumference, systolic and diastolic 
blood pressure, heart rate and heart rate variability, with medium effect 
sizes (Cohen’s d = 0.36–0.57), with more favorable outcomes for the 
running therapy group. These group differences were even more pro
nounced in per-protocol analyses, where also change scores of tri
glycerides and CRP differed between the groups, showing medium to 
large effect sizes (Cohen’s d = 0.28–0.89). Third, type of inclusion did 
not impact the results, showing that treatments effects were similar if 
participants were randomized or when they chose the treatment of their 
preference. Fourth, treatment adherence differed substantially between 
the two interventions, with 82 % for those that used antidepressants and 
52 % for those in the running therapy group, which may have important 
implications for implementation. 

Our findings regarding mental health are in line with earlier studies 
(Blumenthal et al., 2007, 1999; J.A. Blumenthal et al., 2021; James A. 
Blumenthal et al., 2021) concluding that antidepressant medication and 
exercise have similar remission percentages (40–45 %) and effects on 
self-reported depression and anxiety levels (Blumenthal et al., 2007). 
Interestingly, our study did show a larger decrease in anxiety symptoms 
after six weeks in the antidepressant group, which suggests faster 
improvement on especially anxiety-related symptoms. Similarly, an 
earlier study in CHD and anxiety disorder patients showed a larger 
decrease in anxiety for escitalopram compared to exercise (Blumenthal 
et al., 2021). Another important clinical finding was the difference in 
treatment adherence to the interventions, and particularly the compli
ance in the running therapy group of 52 % (despite the high patient 
preference for this intervention). It should be noted that in this trial 14 
participants (15 %) did not start with the running therapy intervention 
at all, showing that it is important (but also challenging) to stimulate 
adherence from the start. In a meta-analysis reviewing 39 studies with a 
total of 2326 participants an important observation was that attendance 
rates for exercise treatments varied greatly (Cooney et al., 2013). It is 
conceivable that higher levels of compliance may lead to stronger effect 
sizes, highlighting the importance to build motivation, sustainability, 
and adherence to exercise therapy, possibly aided by web-based support 
intervention (Haller et al., 2018). Strategies for improving imple
mentation are well summarized by Knapen et al. (2015). 

Physical health consequences of psychiatric treatment are much less 
studied. This study showed worsening of several physical health vari
ables after antidepressant use, partly in line with commonly reported 
side effects of SSRIs. First, weight gain is often reported as a side effect 
(Serretti and Mandelli, 2010) and here too we showed that persons on 
antidepressants gained on average 3 kg during 16 weeks. We further 
showed a significant difference in waist circumference change, with an 
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increase of 1.5 cm. In addition, our results are greatly in line with the 
bulk of evidence that antidepressant use decreases heart rate variability 
(Kemp et al., 2010; Noordam et al., 2016; O’Regan et al., 2015). For 
instance, the Netherlands Study of Depression and Anxiety (NESDA) 
showed antidepressant use to be robustly associated with cardiac auto
nomic dysregulation across nine-year longitudinal data (Hu et al., 2019, 
2017; Licht et al., 2010). Also, and to be expected when autonomic tone 
changes, we showed parallel increased blood pressure levels in antide
pressant users, again in line with earlier research (Licht et al., 2009; 
Niazi et al., 2021). Within-group analyses also showed an increase in 
CRP after antidepressant treatment, and no statistical differences in 
levels of IFN-γ, IL-6 or TNF-α. These are contrasting to earlier studies 
that suggested a reduction in anti-inflammatory cytokine profile after 
treatment with SSRIs in depressed individuals (Hernandez et al., 2008), 
although such findings are inconsistent across studies and potentially 
depending on type of medication (Więdłocha et al., 2018). 

This study showed various beneficial changes in physical health after 
a 16-week exercise intervention. Within-group analyses in the intention- 
to-treat sample showed a significant mean decrease in heart rate of 3.4 
bpm and a mean increase in lung function of 30.6 l/min. Per-protocol 
analyses showed that those that sufficiently adhered to the treatment 
protocol additionally increased their maximal oxygen uptake (VO2max) 
and showed decreases in waist circumference and blood pressure. These 
results suggest that part of the beneficial effects of regular exercise in 
persons with depression and anxiety disorders might be related to 
impact on the autonomic nervous system and lung capacity (Fu and 
Levine, 2013). The degree to which each of these variables can improve, 
in turn, determines a person’s maximal oxygen uptake. Further, the 
decrease in waist circumference, in the absence of a significant within- 
group weight change, is indicative of a decrease in abdominal fat. The 
changes in waist circumference and blood pressure are indicative of a 
lower incidence of metabolic syndrome after exercise and replicate an 
earlier study in 42 in-patients with moderate to severe depression 
(Kerling et al., 2015). This study did not show any changes in inflam
matory markers after exercise, which is in line earlier research in healthy 
adults (Sloan et al., 2018). Within the depressed population, however, 
exercise might have particularly anti-inflammatory effects in patients 
with high baseline inflammation levels (Rethorst et al., 2012), which 
asks for future analyses in specific subgroups. 

This study had several strengths and limitations. The major strengths 
are the relatively large sample size, the wide range of both mental and 
physical health variables resulting in well-characterized individuals and 
the representative study sample with different levels of depression and/ 
or anxiety disorder severity. These strengths allowed us to thoroughly 
examine and compare both mental and physical health effects of anti
depressant medication versus running therapy. Further, this study was 
designed as a partially randomized patients preference design (Lambert 
and Wood, 2000) which had benefits but also several limitations. Only 
15 % of the participants in this study were willing to be randomized, 
causing this group to be too small for separate analyses. Also, due to 
greater preference for running therapy, this group was larger (n = 96) 
than the relatively small antidepressant group (n = 45). However, 
despite the sample size difference and large preference arm, both 
treatment groups were comparable and only differed on baseline 
depression severity, which was controlled for in all main analyses. A 
notable advantage of the preference arms in our design though, is that it 
allowed studying participants with a strong preference for treatment to 
participate, who otherwise might have refused randomization and not 
entered the trial, thereby optimizing generalization and ecological val
idity of the results (Torgerson and Sibbald, 1998; Wasmann et al., 2019). 
An interesting lead for future research is examining patient subgroups 
with certain biological dysregulations who may respond better to anti
depressants or exercise, which was beyond the scope of this paper. First 
examples of such clinical implications show that exercise interventions 
might work better for patients with high inflammation levels (Rethorst 
et al., 2012) and indicate that patients with physical comorbidities and 

immuno-metabolic dysregulations (Milaneschi et al., 2020), in turn, 
show lower antidepressant treatment response (Eller et al., 2008; Kim 
et al., 2011). 

In conclusion, we showed that while antidepressant medication and 
running therapy did not statistically significantly differ on mental health 
outcomes in a sample of depression and anxiety disorder patients, the 
interventions had a significantly different and often contrasting impact 
on several physical health outcomes, with more favorable outcomes for 
those in the exercise intervention. Taken together, antidepressant users 
showed a decrease in heart rate variability and increases in waist 
circumference, blood pressure and triglyceride levels, suggestive of an 
increasing incidence of metabolic syndrome (Taylor, 2010), and higher 
cardiovascular risk (Wegner et al., 2014). The running group showed a 
decrease in both metabolic syndrome components and heart rate which 
indicated, in turn, protective effects on cardiovascular incidents. Over
all, this study showed the importance of exercise in the depressed and 
anxious population and caution of antidepressant use in physically un
healthy patients. Exercise therapy is therefore a valuable option in 
mental health care with respect to both mental and physical health and 
should be considered standard practice for those with depression and/or 
anxiety disorders. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jad.2023.02.064. 
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