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A B S T R A C T   

Background: Lack of physical activity (PA) and high sedentary behavior (SB) may enhance mental health prob-
lems, including depression, and are associated with increased mortality. Aside from a large body of research on 
major depressive disorder (MDD) assessed as an entity and either PA or SB, few studies have examined associ-
ations among subtypes of MDD and both PA and SB simultaneously derived from wrist-worn accelerometers. 
Accordingly, our aim was to explore the associations among MDD subtypes (atypical, melancholic, combined 
atypical-melancholic and unspecified) and four actigraphy-derived behaviors combining the levels of PA and SB. 
Methods: The sample stemmed from CoLaus|PsyCoLaus, a population-based cohort study, consisting of 2375 
participants (55.1% women; mean age: 62.4 years) who wore an accelorometer for 14 days after a physical exam 
and subsequently completed a semi-structured psychiatric interview. Activity behaviors were defined according 
to the combination of the levels of moderate-to-vigorous intensity PA and SB. Associations of remitted MDD 
subtypes, current MDD and physical inactivity behaviors were assessed using multinomial logistic regression, 
adjusted for socio-demographic characteristics, a history of anxiety, alcohol and drug use disorders and car-
diovascular risk factors. 
Results: In the fully adjusted model, participants with the remitted combined atypical-melancholic subtype had a 
higher risk of being more physically inactive. 
Conclusions: Our findings suggest that low PA and high SB are not restricted to the duration of depressive epi-
sodes in people with atypical and melancholic episodes. The lack of PA and high SB in this group of depressive 
patients exposes them to an additional long-term cardiovascular risk and measures to increase PA may be 
particularly fruitful in this MDD subgroup.   

1. Introduction 

Major Depressive disorder (MDD) is a highly prevalent psychiatric 
disorder [1,2] and a burdensome condition in Western societies [3]. 
There is a large body of cross-sectional but also prospective research on 
the association between MDD and sedentary behaviors (SB) [4], which is 

a well-established cardiovascular risk factor (CVRF) [5] [6] associated 
with increased mortality [7]. In contrast, physical exercise has been 
shown to be associated with improved health [8]. Although SB and 
moderate to vigorous physical activity (MVPA) share a weak inverse 
relationship, an individual can have high levels of physical activity (PA) 
and still large amounts of sedentary time across a day [9]. The bulk of 
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previous research has focused either on independent associations of 
total PA, MVPA, light-intensity PA and sedentary time, whereas only a 
few studies have taken into account the daily equilibrium between SB 
and PA in the association with biomarkers of health [9] or depression 
[10,11]. In order to take this equilibrium into account, Bakrania et al. 
[9] have suggested subtyping individuals according to both their SB and 
PA measured by accelerometers during a day. They considered in-
dividuals as ‘highly sedentary’ if they resided in quartiles 2 to 4 ac-
cording to the sedentary time - light-intensity physical activity time ratio 
and as ‘physical active’ if they accumulated at least 150 min of MVPA 
per week. The cross-classification according to SB and MVPA status 
provided four PA behaviors labeled as: 1) “Couch potatoes” (low MVPA 
and high SB levels), 2) “Light movers” (low MVPA and low SB levels), 3) 
“Sedentary exercisers” (high MVPA and high SB levels) and 4) “Busy 
bees” (high MVPA and low SB levels). Applied in an English health 
survey, this classification revealed that Busy bees and Sedentary exer-
cisers had lower body-mass index (BMI) and high levels of HDL- 
cholesterol compared to Couch potatoes. The Busy bees also had lower 
glycated hemoglobin [9]. Using the same classification, researchers in 
Lausanne attempted to replicate these findings. However, the Lausanne 
general population showed much lower levels of SB and higher levels of 
MVPA [12], which was in line with earlier surveys showing that within 
Europe the Swiss population had the second highest levels of exercising 
after the Swedish population [13]. After adaptation of the cutoffs for 
both SB and MVPA status, the Sedentary exercisers and Busy bees had a 
lower likelihood of smoking, obesity and diabetes than the Couch po-
tatoes, which essentially was in line with the findings of the English 
study. 

Regarding depression, although depressive disorders or symptoms 
have been shown to be associated with low PA and high SB [4,14–16], 
only very few studies have jointly assessed the effects of SB and MVPA. 
Among them, an internet-based study conducted in Japan found suffi-
cient PA levels to be related with a lower risk of depressive symptoms, 
whereas SB levels were not associated with depressive symptoms [10]. 
However, there have been a large variety of measures used to assess PA 
and SB, and most studies relied on self-reported rather than objectively 
measured levels of PA and SB [16–18]. In the last two decades, actig-
raphy has been increasingly used. A recent systematic review and meta- 
analysis of 42 cross-sectional and prospective studies on the association 
between objectively measured PA and depression showed a statistically 
significant association between higher levels of PA and both a lower 
prevalence and incidence of depression [14]. This has recently been 
confirmed by a large-scale study of 95,529 individuals from the UK 
biobank [19]. This study also showed that the initial associations be-
tween PA and MDD were attenuated after controlling for substance use 
disorders (SUD), which are also associated with low PA [18]. One recent 
accelerometer-based study, that independently analyzed the effects of 
PA and SB found PA to moderate the association between SB and 
depressive symptoms [11]. However, many of these studies were 
hampered by the use of self-report depression questionnaires. Given that 
these instruments typically only take the few weeks prior to the 
assessment into account, potential long-term effects of past depressive 
episodes could not be assessed. 

Moreover, very few studies have yet taken MDD subtypes into 
consideration, despite the fact that MDD is a heterogeneous disorder, by 
its symptom manifestations, aetiology, biological mechanisms, genetics 
and treatment response [20–23]. It has been hypothesized that depres-
sion subtypes are differently associated with biological mechanisms. 
Indeed the atypical subtype, mainly characterized by increased appetite 
and hypersomnia, has been shown to be more strongly related to 
metabolic dysregulation [24–31] and inflammation up-regulations 
[21–23] and the melancholic subtype to an overdrive of the 
hypothalamic-pituitary-adrenal (HPA) axis [32]. Among the rare studies 
that have addressed the associations between MDD subtypes and PA, 
Glaus et al. [24] observed a cross-sectional association between lifetime 
atypical MDD and self-reported lack of PA in the community, whereas a 

study including patients meeting criteria for MDD [33] found all 
remitted MDD subtypes (melancholic, atypical, combined and undif-
ferentiated) to be associated with self-reported lower PA, whereas only 
current episodes of undifferentiated and melancholic subtypes were 
associated with lower PA. More recently, the Dutch NESDA study 
revealed associations of all of the three factor analytically derived 
depression symptom dimensions of mood/cognition, somatic/vegeta-
tive and sleep, with objectively measured lower levels of PA [34], 
whereas actigraphy-based data of our own study showed that the 
remitted atypical and melancholic subtypes as well as the current un-
specified subtype were associated with lower levels of MVPA during a 
14-day period [35]. The association of the remitted atypical and 
melancholic subtypes with lower levels of PA suggested that lower PA 
levels could be a trait marker in people with these MDD subtypes. 

The aim of the present study was to test whether the four actigraphy- 
derived PA behaviors suggested by Bakrania et al. [9] are also associated 
with the four MDD subtypes: atypical, melancholic, combined and un-
specified, in a large population-based cohort. Analyses were adjusted for 
conditions that are potentially associated with PA including socio-
demographic factors, other CVRF, as well as anxiety disorders and SUD. 
In order to test whether the observed associations reflect traits or states, 
MDD was subdivided into current versus remitted disorders. 

2. Methods 

2.1. Sample selection 

The present data stem from CoLaus|PsyCoLaus, a cohort study 
designed to investigate CVRF or cardiovascular diseases and mental 
disorders in the community. The methodological features of this study 
were previously described in detail [36,37]. Briefly, CoLaus|PsyColaus 
includes an original random sample of 6734 participants (age range: 
35–75 years) selected from the residents of the city of Lausanne ac-
cording to the civil register between 2003 and 2006 and followed up 
after 5 (Follow-up 1), 9 (Follow-up 2), and 13 years (Follow-up 3). The 
present analyses (Fig. 1) included participants who had worn a wrist 
accelerometer for a duration of 14 days at the 2nd physical follow-up 
(2014–2018) and had participated either at the 2nd or 3rd psychiatric 
follow-up. A total of 124 participants were excluded because of known 
bipolar or psychotic disorders as these disorders are likely to influence 
the PA level, resulting in a final sample of 2375 participants. Among 
them 148 met lifetime criteria for remitted MDD with atypical features, 
254 for remitted MDD with melancholic features, 161 for remitted MDD 
with combined atypical-melancholic features, 441 for remitted MDD 
with unspecified features (with no atypical or melancholic features), 
188 for current MDD and 1183 were exempt from lifetime MDD. 

Among the participants of the physical exam with no exclusionary 
psychiatric disorders (n = 4044) those who could be included for the 
present analyses were younger (61.6 vs. 63.7 years, t-test = 1.2; p <
0.01), tended to have a higher education level (chi-square = 15.4; p <
0.01), were less likely to be diagnosed with diabetes (8.3% vs. 10.8%; 
chi-square = 7.5; p < 0.01) or hypertension (43.1% vs. 50.0%; chi- 
square = 19.1; p < 0.0001) as compared to those who could not be 
included. However, the two groups did not differ by sex, being of 
Caucasian origin, living or smoking status, alcohol consumption, BMI or 
the likelihood of being diagnosed with dyslipidemia. 

The institutional Ethics Committee for clinical research of the Med-
ical and Biological Faculty of the University of Lausanne, which after-
wards became the Ethics Committee of the Canton of Vaud for human 
research, approved the CoLaus|PsyCoLaus study (www.cer-vd.ch; proj-
ect number PB_2018–00038, reference 239/09) and all participants 
provided written informed consent. The study was performed in 
agreement with the Helsinki declaration and its former amendments, 
and in accordance with the applicable Swiss legislation. 
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2.2. Measures 

2.2.1. Physical activity behaviors 
PA and SB were assessed according to the methodology described in 

Gubelmann et al. [12]. Briefly, participants were asked to wear a right- 
wrist-worn triaxial accelerometer (GENEActiv, Activinshights Ltd., 
United Kingdom) [38] continuously during 14 days in their usual living 
conditions. The devices were pre-programmed with a 50 Hz sampling 
frequency. Data were downloaded using the GENEActiv software 
version 2.9 (GENEactiv, Activinshights Ltd., United Kingdom) and 

collapsed into 60-s epoch files. To be considered valid, the diurnal wear- 
time had to be >10 h for a weekday and > 8 h for a weekend day. A 
minimum of 5 valid weekdays and 2 valid weekend days were required 
for this analysis. MVPA was derived using standard count-per-minute 
thresholds to classify the activity time. We used the R-package Actig-
raphy.R with the threshold of 100 [39,40], the GGIR version 1.5–9 
(http://cran.r-project.org) [41,42]. The time each participant spent in 
low intensity PA (LIPA), MVPA and SB was averaged for all valid days. 
According to Bakrania et al. [9], activity behaviors were defined by the 
combination of PA and SB status with the adjusted cutoffs as suggested 

Participants with lifetime diagnoses 
of bipolar or psychotic disorders
n = 124

No complete psychiatric information
at follow-up 2 and 3
n = 802

No or insufficient participation in 
actimetry exam
n = 867

CoLaus/PsyCoLaus followup 2
Physical exam

n = 4,168

Sample of the present study
n = 2,375

Atypical MDD 
n = 148

Melancholic MDD 
n = 254

Combined MDD 
n = 161

Unspecified MDD 
n = 441

No MDD 
n = 1,183

Complete psychiatric information at 
follow-up 2 or 3

n = 3,242

Participants without exclusionary 
psychiatric diagnoses 

n = 4,044

Current MDD
n = 188

Fig. 1. Flow chart for the assessment of associations between physical activity and lifetime depression subtypes at the time of follow-up (2014–2018).  
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by Gubelmann et al. [12]. Indeed, for PA status the cutoff proposed by 
Bakrania et al. [9] involving the dichotomization of the sample into 
those with and without 150 min of MVPA per week was not applicable in 
the Lausanne sample, because nearly all participants accumulated at 
least 150 min of MVPA per week. Hence applying more stringent 
criteria, high PA status was defined as being part of the second or third 
tercile according to the participant’s average time with MVPA. The 
cutoff corresponded to 133 min of MVPA per day. According to this 
cutoff 67.3% were classified within high PA, whereas in the English 
study of Bakrania 55.2% of the sample fulfilled the much more lenient 
criterion for high PA. For SB status, Bakrania et al. defined high SB status 
as being part of the 2nd, 3rd or 4th quartile according to the ratio be-
tween the average SB time and the average LIPA time. Again, given that 
the participants of the Lausanne study spent much less time in the 
sedentary intensity band, the proposed dichotomization could not be 
used. Instead, high SB status was defined as being part of the 3rd tercile 
according to the ratio between the average SB time and the average LIPA 
time, corresponding to a cutoff of >7.2. This third of participants clas-
sified as sedentary also corresponded to the third of the Swiss population 
that described themselves as inactive [13]. As suggested by Bakrania 
et al. [9] PA status and SB status were then combined to form the four PA 
behaviors of 1) Couch potato (low PA and high SB), 2) Light mover (low 
PA and low SB), 3) Sedentary exerciser (high PA and high SB), and 4) 
Busy bee (high PA and low SB). 

2.2.2. Mental disorders 
Information on mental disorders including MDD, alcohol and drug 

use disorders was collected at baseline and follow-up using the French 
version [43] of the Diagnostic Interview for Genetic Studies (DIGS) [44], 
which has revealed excellent inter-rater reliability, and slightly lower 
reliability for the 6-week test-retest of mood and psychotic disorders 
[43] as well as SUD [45]. The DIGS was completed by the French version 
[46] of the anxiety section of the Schedule for Affective Disorders and 
Schizophrenia-Lifetime and Anxiety disorders (SADS-LA) [47], which 
revealed excellent inter-rater and fair-to-good test-retest reliability 
[46,48].The diagnoses for the present paper were based on the DSM-IV, 
which also includes specifiers for atypical or melancholic features dur-
ing major depressive episodes (MDE). The specifier for atypical features 
requires mood reactivity and two of the following criteria: weight gain 
or increase in appetite, hypersomnia, leaden paralysis and longstanding 
pattern of interpersonal rejection sensitivity. The melancholic specifier 
requires a loss of pleasure or lack of reactivity and three of the following 
criteria: distinct quality of depressed mood, depression worse in the 
morning, early-morning awakening, psychomotor agitation or retarda-
tion, weight loss or guilt. We could not take into account the criterion 
‘distinct quality of depressed mood’ because it was not assessed in the 
DIGS. According to these specifiers, each MDE was classified into 1) 
atypical, 2) melancholic, 3) combined atypical-melancholic (meeting 
criteria for both atypical and melancholic episodes) and 4) unspecified 
(not meeting criteria for atypical or melancholic episodes). Extending 
the approach suggested by Angst et al. [49], lifetime MDD was subtyped 
according to the occurrence of subtypes of episodes across lifespan into: 
1) atypical MDD with at least one atypical (but no melancholic or 
combined) episode; 2) melancholic MDD with at least one melancholic 
(but no atypical or combined) episode; 3) combined MDD (one atypical- 
melancholic combined episode or at least one atypical and one melan-
cholic episode); and 4) unspecified MDD (no atypical, melancholic or 
combined episode). In addition, these categories were subdivided into 
current MDD (presence of an MDE at the time of the actigraphy measure) 
or remitted MDD (MDD with offset prior to the actigraphy measure). 

Interviews were conducted by master-level psychologists, who had 
been trained for a period of 1 to 2 months. All interviews were reviewed 
by an experienced senior psychologist. Socio-demographic characteris-
tics were assessed with the DIGS at the second or third follow-up: sex, 
age, living along versus not as well as socio-economic status (SES) 
defined according to the Hollingshead scale [50]. In the case of missing 

socio-demographic data, the information from the questionnaire 
completed at the somatic assessment was taken as far as possible. 

2.2.3. Somatic measures 
The physical evaluation, which was conducted by trained nurses, 

included a standardized interview, a physical examination, as well as the 
completion of self-report questionnaires. During the interview, infor-
mation on socio-demographic characteristics and smoking status (cur-
rent or former smoking of at least 10 cigarettes per day) was collected. 
Body weight and height were objectively measured with participants 
being barefoot and in light indoor clothes. Body weight was measured in 
kilograms to the nearest 100 g using a Seca® scale (Hamburg, Germany). 
Height was measured to the nearest 5 mm using a Seca® (Hamburg, 
Germany) height gauge. Blood pressure was measured using an Omron® 
HEM-907 automated oscillometric sphygmomanometer after at least a 
10-min rest in a seated position, and the average of the last two mea-
surements was used. The diagnosis of hypertension was assigned ac-
cording to the Joint National Committee (JNC) criteria, i.e., a systolic 
blood pressure of 140 mmHg or above, a diastolic blood pressure of 90 
mmHg or above, or any antihypertensive treatment [51]. Venous blood 
samples were drawn after an overnight fast in order to measure the 
levels of glucose, HDL-cholesterol, LDL-cholesterol, triglycerides and 
insulin. The diagnosis of diabetes was assigned according to the Expert 
Committee on the Diagnosis and Classification of Diabetes criteria [52], 
i.e., a fasting glucose level of 7 mmol/l or above or antidiabetic treat-
ment. The diagnosis of dyslipidemia was assigned according to the Na-
tional Cholesterol Education Program (NCEP) Expert Panel (Adult 
Treatment Panel III, ATP III) criteria, i.e., fasting blood triglycerides of 
2.2 mmol/l or above, LDL cholesterol of 4.1 mmol/l or above, HDL 
cholesterol of 1 mmol/l or less, or any hypolipidaemic treatment [53]. 

2.3. Statistical analysis 

Socio-demographic data, the presence of other lifetime psychiatric 
disorders and the presence of CVRF (BMI, hypertension, diabetes, dys-
lipidemia and smoking status) at the follow-up were established for the 
four remitted MDD subtype groups, participants with current MDD and 
participants with no MDD. Differences were calculated across all the 
groups by sex- and age-adjusted logistic regression models for categor-
ical outcomes or by multiple regression models for continuous out-
comes. A total of 32 participants had remaining missing data for socio- 
demographic variables which were compensated with multiple impu-
tations (Markov Chain Monte Carlo method and Rubin’s multiple 
imputation strategy [54,55] using available data from the other socio- 
demographic variables. The four remitted MDD subtypes were 
retained, and current MDD was represented by all 4 current subtypes 
combined due to limited sample size in each category. The associations 
between PA behaviors, current MDD and remitted MDD subtypes were 
calculated using multinomial logistic regression models, where the 
outcome was composed of the four PA levels (taking the “Busy bee” 
category as the reference). In Model 1, the independent variables were 
the four remitted MDD subtypes and current MDD compared to no 
lifetime history of MDD, and adjustments were made for socio- 
demographic characteristics and a lifetime history of anxiety, alcohol 
and drug use disorders, either as comorbidities to MDD or else as pri-
mary disorders in participants with no MDD. Model 2 used the same 
adjustments as Model 1, but further adjusted for the presence of CVRF. 

3. Results 

Table 1 describes the socio-demographic characteristics of the whole 
sample and of the subgroups according to the presence of remitted MDD 
subtypes, current MDD and the absence of MDD. Overall, participants 
were 54.7% female, 28.6% living alone, and most had a slightly above- 
average SES level. Their mean age was 62.4 (s.d. 9.9) years. A total of 
24.4% had lifetime anxiety disorders, 11.3% reached criteria for alcohol 
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abuse/dependence, and 5.2% had drug abuse/dependence. The mean 
BMI of the sample was 26.3 (s.d.: 4.7), 8.3% had diabetes, 43.1% hy-
pertension, 39.0% dyslipidemia while 17.8% and 39.8% were current 
and former smokers, respectively. There were significant differences 
across the MDD subgroups for all the given socio-demographic charac-
teristics, except for SES. Clinical characteristics were found to differ 
across all subgroups for anxiety and alcohol use disorders, BMI and 
current smoking. 

Within the whole sample 521 (21.9%) were Couch potatoes, 268 
(11.3%) were Light movers, 279 (11.8%) were Sedentary exercisers and 
1307 (55.0%) were Busy bees (Table 2). The two models provide the 
results of the adjusted multinominal logistic regression analysis of the 
associations between the MDD diagnostic grouping as the independent 
variable and the four-level PA as the dependent variable. Model 1 is 
adjusted for sociodemographic variables and other psychiatric disor-
ders, Model 2 also for CVRF. Regardless of these adjustments, the two 
models revealed that the remitted combined subtype was associated 
with a higher likelihood of being a Light mover rather than a Busy bee, 
compared to participants with no MDD. 

4. Discussion 

The main finding of this first community study assessing the asso-
ciations between MDD subtypes and objectively measured PA behaviors 
was that people with the remitted combined atypical-melancholic MDD 
subtype had a higher likelihood of being part of the category of Light 
movers than that of Busy bees as compared to those with no depression. 
Considering that the Light mover and the Busy bee patterns differ in 
MVPA, but not SB status, our results suggest that people with the 
remitted combined atypical-melancholic MDD subtype essentially 
differed from those with no MDD with respect to lower levels of MVPA, 
but not with respect to SB status after controlling for socio-demographic 
characteristics, a history of anxiety, alcohol and drug use disorders as 
well as CVRF. Our observation that only MVPA levels but not SB levels 
are associated with a MDD subtype is in line with the study of Liao [10]. 
Similarly, in a prospective accelerometer-based study focusing on SB to 
predict incident depressive symptoms, high SB was not associated with 
incident depressive symptoms, whereas lower levels of daily LIPA were 
associated with an increased risk of symptoms, but only in women [56]. 

Moreover, our observation that the light mover and busy bee patterns, 
which do not differ by SB but by PA status, entailed differential risk of 
combined MDD is consistent with the results of a recent accelerometer- 
based study that documented PA to moderate the association between 
SB and depressive symptoms [11]. 

Combined atypical-melancholic MDD, which has been found to be 
associated with less active PA behavior in our study is likely to be the 
most severe subtype given that it requires two episodes or a complex 
episode with the presence of both atypical and melancholic symptoms. 
This may be one of the reasons why only people with this but not with 
other MDD subtypes differed from those with no MDD in PA behaviors. 
This finding is consistent with our recent actigraphy-based finding of an 
association of both the atypical and melancholic subtypes with lower 
MVPA levels [35], although the previous paper used MVPA as a 
continuous variable and did not simultaneously take SB status into ac-
count. Our new finding is somehow different from the analysis of the 
baseline data of the same study supporting an association of lifetime 
atypical rather than combined MDD with self-reported physical inac-
tivity [24]. This latter discrepant result may be due to the self-reported 
measure of physical inactivity ([24] rather than an objectively measured 
one. Comparisons with the results of the NESDA study are difficult given 
the use of a depression dimension in NESDA rather than depression 
subtypes [34,57]. However, the results of these studies concur in the 
observation of associations between PA and episodes with atypical and 
partially melancholic depression symptoms. The atypical subtype has 
been shown to be linked with inflammatory [23,58] and metabolic 
factors [21,28,59], which in turn are modulated by PA [60,61]. The 
observed association between the remitted combined MDD subtype and 
PA behaviors in the present study indicates that lower PA is not 
restricted to the duration of depressive episodes and could be either the 
consequence of depressive episodes with melancholic and atypical fea-
tures or a vulnerability factor for atypical and melancholic episodes. 
However, the cross-sectional nature of the present data impedes us to 
draw conclusions regarding the direction of this association. A pro-
spective study documented an association between self-reported PA and 
a reduced risk of incident MDD during a two-year period [62]. More-
over, a two-sample Mendelian Randomization analysis conducted in a 
large database also confirmed a protective relationship between 
accelerometer-based activity and MDD [63] although there was no 

Table 1 
Socio-demographic and clinical characteristics of participants in the whole sample and according to remitted and current depression status.  

Characteristic Whole sample MDD remitted subtypes§ No MDDa  

n = 2375 Atypical 
n = 148 

Melancholic 
n = 254 

Combined 
n = 161 

Unspecified 
n = 441 

Current MDD 
n = 188 

n = 1183 p * 

Sex, 
Female, % (n) 54.7 (1300) 69.6 (103) 60.6 (154) 78.9 (127) 61.3 (267) 72.3 (136) 43.4 (513) <0.0001 
Age, years, mean (SD) 62.4 (9.9) 60.5 (8.8) 61.1 (9.6) 60.2 (8.8) 61.2 (9.5) 59.4 (8.6) 64.0 (10.3) <0.0001 
Living status 
Alone, % (n) 28.6 (649) 33.1 (49) 30.7 (78) 28.0 (45) 34.2 (151) 38.8 (73) 23.9 (283) 0.0003 
SES mean (SD) 3.5 (1.2) 3.5 (1.2) 3.7 (1.1) 3.4 (1.2) 3.6 (1.2) 3.3 (1.3) 3.5 (1.2) 0.0934 
Other lifetime psychiatric disorders, % 
Anxiety disordersb (n) 24.4 (579) 32.4 (48) 29.1 (74) 46.0 (74) 29.9 (132) 49.5 (93) 13.4 (158) <0.0001 
Alcohol ab/depc (n) 11.3 (269) 10.8 (16) 14.2 (36) 8.1 (13) 12.7 (56) 11.7 (22) 10.7 (126) 0.0081 
Drugd ab/depc (n) 5.2 (123) 2.0 (3) 7.5 (19) 6.2 (10) 6.8 (30) 10.1 (19) 3.6 (42) 0.0115 
Cardio-metabolic risk factors at follow-up 
BMI, mean (SD) 26.3 (4.7) 28.2 (5.4) 25.2 (4.3) 26.7 (4.8) 26.2 (4.6) 26.5 (5.2) 26.2 (4.6) 0.0008 
Diabetes % (n) 8.3 (197) 8.1 (12) 3.9 (10) 8.1 (13) 9.3 (41) 5.3 (10) 9.4 (111) 0.8647 
Hypertension % (n) 43.1 (1023) 37.8 (56) 37.8 (96) 36.7 (96) 40.4 (178) 38.8 (73) 47.4 (561) 0.9851 
Dyslipidemia % (n) 39.0 (926) 35.1 (52) 35.4 (90) 34.8 (56) 41.0 (181) 36.7 (69) 40.4 (478) 0.6220 
Current smoking % (n) 17.8 (423) 20.3 (30) 19.7 (50) 18.0 (29) 17.2 (76) 36.2 (68) 14.4 (170) 0.0004 
Former smoking % (n) 39.8 (944) 37.2 (55) 43.7 (111) 39.1 (63) 43.3 (191) 30.3 (57) 39.5 (467) 0.3031 

MDD, Major Depressive Disorder; § mutually exclusive categories; p = comparison across subtypes; * models adjusted for sex and age (sex and age adjusted for the 
alternate variable), BMI = Body Mass Index. SD, standard deviation, SES, Socio-economic status following Hollingshead’s index: a value of 3 represents middle class. 

a Excluding participants diagnosed with bipolar or psychotic disorders. 
b Includes agoraphobia, generalized anxiety disorder, social phobia and panic disorder. 
c Abuse or dependence. 
d Includes marijuana, cocaine, stimulants, sedatives, narcotics, hallucinogens, solvents. 
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statistically significant relationship between MDD and accelerometer- 
based activity [63], suggesting that low PA is a risk factor for rather 
than a consequence of MDD. However, as these studies only assessed the 
overall MDD category and not subtypes, it remains elusive to which 
degree the specific MDD subtypes could contribute to the observed as-
sociations. Hence, prospective or Mendelian Randomization studies 
including the assessment of MDD subtypes and objective PA measures 
are crucial to establish the direction of the association between specific 
subtypes and PA. Moreover, as suggested by a recent prospective study 
the association between PA levels and MDD my vary by sex [56], future 

studies should also test interactions by sex and conduct stratified ana-
lyses if indicated. Moreover, according to a recent review not only the 
overall daily PA pattern, but also the timing of PA may be associated 
with an increase of subsequent depressive symptoms [15]. Hence, it 
would be interesting to test whether lower PA during the morning or 
higher PA late in the evening are associated with the risk of depression. 

Concerning the biological mechanisms underlying the association 
between PA and MDD, research has shown that PA may induce the 
following changes: a decrease in hippocampal activation and an increase 
in cortical inhibition [64], an increase in neurogenesis [60,64], a 

Table 2 
Associations among physical activity behaviors and remitted and current MDD subtypes, with serial adjustments for potential confounders.   

Activity behaviors (dependent variables) §

Couch potato Light mover Sedentary exerciser Busy 
bee◦

n = 521 n = 268 n = 279 n = 1307  

Crude Model 1 Model 2 Crude Model 1 Model 2 Crude Model 1 Model 2 Crude  
% / mean OR1 (95% 

CI) 
OR2 (95% 
CI) 

% / mean OR1 (95% 
CI) 

OR2 (95% 
CI) 

% / mean OR1 (95% 
CI) 

OR2 (95% 
CI) 

% / mean 

Variables of interest 
MDD subtypes § 
Remitted Atypical % 5.2 1.0 

(0.6–1.6) 
0.8 
(0.5–1.3) 

6.3 1.2 
(0.7–2.1) 

1.0 
(0.5–1.7) 

5.7 0.8 
(0.5–1.5) 

0.8 
(0.5–1.5) 

6.7 

Remitted Melancholic 
% 

9.8 1.0 
(0.7–1.5) 

1.1 
(0.7–1.6) 

10.1 1.1 
(0.7–1.8) 

1.1 
(0.7–1.9) 

13.3 1.1 
(0.7–1.7) 

1.2 
(0.8–1.8) 

10.6 

Remitted Combined % 4.8 1.1 
(0.7–1.8) 

0.9 
(0.6–1.6) 

10.1 2.0** 
(1.2–3.3) 

1.8* 
(1.1–3.1) 

5.7 0.9 
(0.5–1.5) 

0.8 
(0.5–1.5) 

7.1 

Remitted Unspecified 
% 

16.3 0.9 
(0.7–1.2) 

0.9 
(0.6–1.2) 

16.0 0.9 
(0.6–1.3) 

0.9 
(0.6–1.3) 

18.3 0.8 
(0.6–1.2) 

0.8 
(0.6–1.2) 

20.1 

Current MDDa % 7.7 1.5 
(1.0–2.3) 

1.2 
(0.8–1.9) 

6.7 1.2 
(0.7–2.0) 

1.0 
(0.5–1.7) 

7.5 0.9 
(0.5–1.6) 

1.0 
(0.6–1.6) 

8.3 

No MDD % 56.2 ref ref 50.8 ref ref 49.5 ref ref 47.1 
Adjustments 
Socio-demographics 
Female % 38.0 0.3*** 

(0.3–0.4) 
0.4*** 
(0.3–0.5) 

61.6 0.8 
(0.6–1.1) 

1.0 
(0.7–1.3) 

44.1 0.5*** 
(0.4–0.7) 

0.5*** 
(0.4–0.7) 

62.3 

Age, years mean (SD) 65.8 
(10.5) 

1.1*** 
(1.0–1.1) 

1.1*** 
(1.0–1.1) 

67.3 
(10.3) 

1.1*** 
(1.1–1.1) 

1.1*** 
(1.1–1.1) 

58.5 
(8.9) 

1.0** 
(1.0–1.0) 

1.1** 
(1.0–1.0) 

60.7 
(8.9) 

Living alone % 29.8 1.2 
(1.0–1.6) 

1.2 
(0.9–1.5) 

37.7 1.3 
(1.0–1.8) 

1.2 
(0.9–1.7) 

29.8 1.6** 
(1.2–2.2) 

1.6** 
(1.2–2.2) 

26.0 

SES mean (SD) 3.7 (1.1) 1.3*** 
(1.2–1.5) 

1.4*** 
(1.3–1.6) 

3.4 (1.2) 1.1 
(1.0–1.2) 

1.2* 
(1.0–1.3) 

3.9 (1.1) 1.4*** 
(1.3–1.6) 

1.4*** 
(1.3–1.6) 

3.3 (1.2) 

Other lifetime psychiatric disorders 
Anxiety disordersb % 20.7 1.0 

(0.7–1.3) 
1.0 
(0.8–1.4) 

20.9 0.9 
(0.6–1.2) 

0.9 
(0.6–1.2) 

27.2 1.2 
(0.9–1.6) 

1.1 
(0.8–1.6) 

25.9 

Alcohol ab/depc % 13.8 1.2 
(0.9–1.7) 

1.1 
(0.8–1.6) 

9.7 1.1 
(0.7–1.7) 

0.9 
(0.6–1.5) 

12.2 0.9 
(0.6–1.5) 

0.9 
(0.6–1.5) 

10.5 

Drugd ab/depc % 3.1 0.5* 
(0.3–0.9) 

0.5* 
(0.3–0.9) 

3.7 1.0 
(0.5–2.0) 

0.9 
(0.5–2.0) 

6.8 0.8 
(0.5–1.4) 

0.9 
(0.5–1.5) 

6.0 

Cardio-metabolic risk factors 
BMI, mean (SD) 27.6 (5.0) – 1.1*** 

(1.1–1.1) 
27.4 (5.0) – 1.1*** 

(1.0–1.1) 
25.8 
(4.3) 

– 1.0 
(1.0–1.0) 

25.6 
(4.4) 

Diabetes % 15.6 – 1.5* 
(1.1–2.3) 

13.4 – 1.3 
(0.8–2.1) 

3.2 – 0.6 
(0.3–1.2) 

5.4 

Hypertension % 56.2 – 1.2 
(0.9–1.5) 

60.1 – 1.5* 
(1.1–2.0) 

35.1 – 1.02 
(0.8–1.4) 

36.0 

Dyslipidemia % 47.4 – 1.1 
(0.9–1.4) 

49.6 – 1.3 
(0.9–1.7) 

38.4 – 1.3 
(1.0–1.7) 

33.6 

Current smoking % 21.5 – 1.7*** 
(1.3–2.4) 

21.3 – 2.0*** 
(1.4–3.0) 

12.2 – 0.7 
(0.4–1.0) 

16.8 

Former smoking % 38.4 – 0.9 
(0.7–1.1) 

41.4 – 1.1 
(0.8–1.5) 

41.9 – 1.1 
(0.8–1.4) 

39.5 

*p < 0.05; **p < 0.01; ***p < 0.001. Statistically significant values are in bold. 
§ mutually exclusive categories; ◦ reference category; MDD = major depressive disorder; SES = socio-economic status; BMI = Body Mass Index. 

1 Model computed according to multinomial logistic regression (reference category = Busy bee), adjusted for sex, age, living status, and SES and other lifetime 
psychiatric disorders. 

2 Model computed according to multinomial logistic regression (reference category = Busy bee), adjusted for sex, age, living status, SES, other lifetime psychiatric 
disorders and cardio-metabolic risk factors. 

a All current MDD subtypes grouped together. 
b Includes agoraphobia, generalized anxiety disorder, social phobia and panic disorder. 
c Abuse or dependence. 
d Includes marijuana, cocaine, stimulants, sedatives, narcotics, hallucinogens, solvents. 
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diminution of oxidative markers [60], improvement in monoaminergic 
neurotransmission [61], changes in the Hypothalamic-Pituitary-Adrenal 
(HPA) Axis [61] and reduction of inflammation (for e.g. reduction in 
pro-inflammatory cytokines and changes in the kynurenine pathway as a 
result of an increase of PGC1-α gene expression) [60,61]. These potential 
changes are contrary to key mechanisms postulated to be enhanced in 
the pathogenesis of depression [60,61,64]. It may therefore be that the 
effects of PA help counteract the neurobiological mechanisms underly-
ing the development of MDD. 

The absence of an association between current MDD subtypes and PA 
in the present study is surprising and contrasts with results of some other 
previous research [17,57,65]. Indeed, a meta-analysis has revealed that 
currently depressed persons are more likely to have lower levels of self- 
reported PA compared to a healthy person [17]. Moreover, the NESDA 
study showed that individuals with current depressive or anxiety dis-
orders [57] had lower objectively measured PA than normal controls. 
Given that the association with PA behaviors differed across MDD sub-
types in remitted people in our study, the lack of subtyping current MDD 
due to the small sample size may be a reason for our negative finding in 
people with current MDD. 

The findings of the present study should be interpreted in the context 
of several limitations. First, the observational nature of our study im-
pedes the establishment of causality. Second, as mentioned, because the 
number of participants with a current episode of MDD was low, we could 
not determine the differential associations between current MDD sub-
types analyzed separately and PA behaviors. Third, given the time gap of 
one year between the physical exam including actigraphy and the psy-
chiatric evaluation, the presence of the current MDD vs. remitted 
episode distinction with respect to the moment of the actigraphy needed 
to be based on the participant’s reporting of the dates of onset and offset 
of depressive episodes, which may have led to misclassification of cur-
rent and remitted episodes and an underestimation of the established 
associations. Fourth, wearing the accelerometer can influence normal 
PA behavior, by encouraging participants to exercise more than usual, 
and might therefore not represent a participant’s usual PA level. Fifth, 
the sample was derived from an urban area of Switzerland with a mean 
age of >60 years, which limits the generalizability of our findings. 

The results of the present study have several scientific and clinical 
implications. The differential associations of MDD subtypes with PA 
behaviors further emphasize the importance of subtyping MDD when 
studying its associations with CVRF. They also suggest that patients with 
atypical and melancholic episodes in particular tend to have long-
standing reduced PA behaviors, which may predispose them to an 
increased risk of cardiovascular diseases. However, although the atyp-
ical subtype has already been shown to be prospectively associated with 
a steeper increase in BMI and glucose as well as with an increased risk of 
the metabolic syndrome [59], the long-term association of this subtype 
with cardiovascular diseases and the specific role of lower PA in this 
potential association still needs to be demonstrated. As the lack of PA is a 
well-established CVRF [7], encouraging people to increase their PA may 
be particularly important in those with atypical and melancholic epi-
sodes in order to decrease their cardiovascular risk. Finally, higher 
engagement in PA might also help prevent further episodes of MDD, 
which should still be shown in future prospective studies using MDD 
subtypes and objective measures of PA. 

In conclusion, by demonstrating associations between the remitted 
combined MDD subtype and lower levels of PA, our findings suggest that 
lower PA is not restricted to the duration of depressive episodes in 
people with atypical and melancholic episodes. The lack of PA in this 
group of depressive patients exposes them to an additional long-term 
cardiovascular risk and measures to increase PA may be particularly 
fruitful in this MDD subgroup. 
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