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activity and sedentary behavior between those with and without prevalent/in-
cident depressive symptoms. Participants with prevalent depressive symptoms
had significantly more sedentary time (18.6 min/day) and lower LiPA (26.8 min/
day) and MVPA (4.8 min/day) than participants without depressive symptoms.
Considering the daily patterns, participants with prevalent depressive symptoms
had significantly more sedentary time early in the afternoon (12:00-18:00), early
evening (18:00-21:00), and during the night (00:00-03:00), less time in LiPA in
all periods between 09:00-21.00 and less MVPA in the morning (09:00:12:00),
early afternoon (12:00-15:00), and evening (18:00-21:00), than those without.
Similar differences in activity and sedentary behavior patterns between those and
without incident depressive symptoms were observed albeit the differences were
smaller. Overall, we did not find specific time slots particularly associated with
both prevalent and incident depressive symptoms. These findings may indicate
that less sedentary time and more intense PA can be important targets for the
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sedentary behavior

1 | INTRODUCTION

Depression is one of the most important health problems
globally, being among the first 20 leading causes of dis-
ability.! Approximately 350 million people are affected
worldwide, accounting for 4.4% of the population, and by
2030, it is expected to become the leading cause of disease
in the world." Depression has a high psychosocial impact
demanding targeted psychological and pharmacologi-
cal support. However, available therapies are not highly
effective, with a large group of patients having therapy-
resistant depression or relapses, which highlights the
need for other treatment options and more effective pre-
ventive strategies. In this regard, physical activity (PA) is
known to be beneficial for mental health and to reduce
depressive symptoms. The underlying scientific evidence
of the World Health Organization (WHO) guidelines on
PA shows the importance of participating in moderate-
to-vigorous physical activity (MVPA) for mental health,?
and well-established evidence suggests that increasing PA
can reduce the risk of depression.’ The WHO physical ac-
tivity guidelines also acknowledge the role of more light-
intensity physical activity (LiPA). Conversely, more recent
evidence shows that higher levels of sedentary behavior,
especially in combination with mentally passive behav-
iors, such as screen time, might be associated with higher
risk of depression.*

Even though growing evidence suggests the (biological)
plausibility of the beneficial effects of PA on depression

prevention of depression irrespective of the timing of the day.

24-hour distribution, depression, objectively measured physical activity, prospective study,

and depressive symptoms,>” little is known about how
daily patterns of PA and sedentary behavior are associated
with depression. Most of the current evidence is based on
self-reported measurements of PA>—which may be influ-
enced by individual mood, memory inaccuracy, and social
desirability bias—while the availability of accelerometers
allows a more detailed objective assessment of daily PA.
Evaluating the association between daily patterns (level
and timing) of PA and sedentary time with depression is
important to identify potential differences in the distri-
bution of PA and sedentary time over the day responsible
for the higher risk of developing depression. Further, this
potential different distribution of PA and sedentary behav-
ior among individuals with and without depression may
provide tools for tailored interventions that use optimized
timing of sedentary/active time during the day.

The aim of this study is to compare accelerometer-
measured daily patterns of PA and sedentary behavior
among participants with and without prevalent and in-
cident depressive symptoms in The Maastricht Study, a
large population-based cohort study.

2 | MATERIALS AND METHODS
2.1 | Study population and design

We used data from The Maastricht Study, a population-
based observational prospective cohort study. A detailed
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rationale and methodology were published elsewhere.® In
brief, the study focuses on the etiology, pathophysiology,
complications, and comorbidities of type 2 diabetes mel-
litus (T2DM) and is characterized by an extensive pheno-
typing approach. Eligible individuals were all individuals
aged between 40 and 75years and living in the south-
ern part of the Netherlands. Individuals were recruited
through mass media campaigns and from the municipal
registries and the regional Diabetes Patient Registry via
mailings. Recruitment was stratified according to known
T2DM status, with an oversampling of individuals with
T2DM, for reasons of efficacy. The present analysis in-
cludes data from the first 7689 individuals, who completed
the baseline measurements between November 2010 and
December 2017. The baseline examinations of each par-
ticipant were performed within 3 months, and follow-up
surveys, via questionnaires, were collected annually after
the first examination. Annual follow-up data were avail-
able in 90.8% (year 1), 83.2% (year 2), 77.8% (year 3), 68.6%
(year 4), 58.8% (year 5), 35.3% (year 6), and 16.0% (year 7)
of the individuals. The relatively low number of individu-
als for years 6 and 7 is because the follow-up measurement
is still ongoing. For the present study, we used complete
cases, so individuals were excluded from the analysis
when they did not receive an accelerometer due to logisti-
cal problems (n = 1282), no baseline data were available
on depressive symptoms (n = 403), individuals had miss-
ing data for covariates (n = 422). The final sample size
for the analyses with prevalent depressive symptoms was
n = 5582. For the analyses with incident depressive symp-
toms, 228 individuals with depressive symptoms at base-
line (9-item Patient Health Questionnaire; PHQ-9>10)
and with missing data for follow-up depressive symptoms
(n = 241) were also excluded, resulting in a final sample

size of n = 5113 individuals. Figure 1 shows the flowchart
of the study population.

The Institutional Medical Ethics Committee
(NL31329.068.10) and Ministry of Health, Welfare and
Sports of the Netherlands (Permit 131088-105234-PG)
ethically approved the study. Written informed consent
was required to all individuals.

2.2 | Physical activity and sedentary
behavior measurements

Physical activity and sedentary behavior were measured
at baseline using the activPAL3™ physical activity moni-
tor (PAL Technologies), a small (53x53x7mm) and
light-weight (15g) triaxial accelerometer that records
movement in the vertical, anteroposterior, and medio-
lateral axes, and also determine posture (sitting, lying,
standing, and stepping) based on acceleration informa-
tion. The device was attached directly to the skin on the
front of the right thigh with transparent 3 M Tegaderm™
tape, after the device had been waterproofed with a nitrile
sleeve. Individuals were asked to wear the accelerometer
for 8 consecutive days, without removing it at any time,
and in case this happened, instructions not to replace
it were provided. Data from the first day were excluded
from the analysis because individuals performed physi-
cal function tests at the research center after the device
was attached. In addition, data from the final wear day
providing <14 waking hours of data were excluded from
the analysis.” Individuals were included if they provided
at least 1 valid day (=10 h of waking data). Data were up-
loaded using the activPAL software and processed using
software developed in MATLAB® 2018b (MathWorks).?

The Maastricht study population
(n=7,689)

h 4

Missing data on ActivPAL data
(because of logistics n=980
corrupt files n=186
Less than 1 valid day n= 74)

Study population with available
ActivPAL data at baseline
(n=6,407)

Cross-sectional analysis
(n=5,582)

Missing data on PHQ-9 at baseline
(n=403)
Missing data in covariates
(n=422)

Baseline PHQ-92 10 (n= 228)
No available PHQ-9 follow up
(n=241)

Longitudinal analysis

(n=5,113)

FIGURE 1
population.

Flowchart of the study
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Variables used in this analysis were average minutes
of sedentary time during wake time, light intensity phys-
ical activity (LiPA), and moderate-to-vigorous physical
activity (MVPA). LiPA was calculated as the sum of stand-
ing minutes and of minutes with a step frequency <100
steps/minute.'” MVPA was calculated as the minutes with
a step frequency>100 steps/min. Sit-to-stand transitions
were defined as transitions in posture from sitting/lying
to standing. The method used to estimate waking time has
been published previously.’ In addition to total average
time (min) in LiPA, MVPA, sedentary time, and average
number of sit-to-stand transition per day, all the estimated
variables were calculated as minutes of sedentary time,
LiPA, MVPA, and number of sit-to-stand transitions for
each hour and for 3-h time slots for an average 24-h day
and separately for week and weekend days.

2.3 | Assessment of depression
at baseline

At baseline, severity and presence of depressive symptoms
were assessed by means of a validated Dutch version of
the 9-item Patient Health Questionnaire (PHQ-9).!! The
PHQ-9 is a self-administered questionnaire based on the
DSM-IV criteria for major depressive disorder (MDD).
The PHQ-9 measures both cognitive symptoms of depres-
sion and somatic symptoms of depression.'” Each item is
rated on a 4-point ordinal scale from 0 = “not at all” to
3 = “nearly all of the time.” The total score ranges from
0 to 27. When one or two items were missing, the total
score was calculated as 9x(total points/ [9—number of
missing items]) and rounded to the nearest integer. A pre-
defined cut-off score of 210 was used as a dichotomous
scoring system for defining clinically relevant depressive
symptoms.'?

In addition to depressive symptoms, prevalent and life-
time major depressive disorder (MDD) was assessed by the
Mini-International Neuropsychiatric Interview (MINTI) at
baseline.'* The MINI is a short diagnostic structured in-
terview, used to assess the presence of minor or major
depressive disorder in the preceding 2weeks according to
the DSM-IV (Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition). MDD was diagnosed if an in-
dividual had at least one core symptom (i.e., depressed
mood or loss of interest) and at least four other symptoms
of depression (i.e., significant weight change of change
in appetite, insomnia or hypersomnia, psychomotor ag-
itation or retardation, fatigue or loss of energy, guilt or
worthlessness, diminished ability to think or concentrate
or indecisiveness, and suicidal thoughts or plans). Lifetime
history of MDD was assessed by asking for the presence of
symptoms during minimally 2 weeks in lifetime.

2.4 | Assessment of depressive symptoms
during follow-up

Incident clinically relevant depressive symptoms were as-
sessed by use of the PHQ-9 questionnaire annually during
7years of follow-up. Incident clinically relevant depres-
sive symptoms were defined as no depressive symptoms
at baseline (PHQ-9 < 10) and presence of depressive symp-
toms (PHQ-9>10) on at least one follow-up moment.

2.5 | Covariates

Covariates included sex, age, level of education, BMI,
lifestyle factors (smoking status, alcohol consumption,
energy intake), and biomedical parameters (diabetes sta-
tus, use of antidepressant drugs, mobility limitation, hy-
pertension, total cholesterol-to-HDL cholesterol ratio,
and history of cardiovascular diseases [CVD]). Level
of education was divided in three categories: low = no
education/primary education/lower vocational educa-
tion, medium = intermediate vocational education/
higher secondary education/higher vocational education,
high = higher professional education/university educa-
tion. BMI was calculated from weight and height meas-
ured in a physical examination to the nearest of 0.5 kg or
0.1 cm. Smoking status was divided in three categories:
current, former, and never smokers. Alcohol consumption
was divided into three categories: non-consumers, low
consumers (for women <7 glasses alcoholic beverages per
week; for men <14 glasses alcoholic beverages per week),
and high consumers (for women >7 glasses per week; for
men >14 glasses per week)."” Energy intake was expressed
in kcal/day and measured by a validated Food Frequency
Questionnaire.'® Individuals with implausible energy in-
take (men: energy intake (kcal) <800kcal or >4200kcal;
women: energy intake (kcal) <500kcal or >3500kcal)
were excluded (n = 140)." Type 2 diabetes status was de-
fined by a standardized 2-h 75-g oral glucose tolerance test
after an overnight fast and use of antidiabetic medication
as previously described.® Antidepressant drug use was
assessed in a medication interview where generic name,
dose, and frequency were registered. Mobility limitation
was acquired from the Dutch version of the Short Form
Health Survey and was defined as having difficulty with
stair climbing and/or walking 500m. Office blood pres-
sure, plasma glucose levels, and plasma lipid profile were
measured as described before.® CVD history was derived
from the Rose questionnaire and defined as a self-reported
history of any of the following conditions: myocardial in-
farction, cerebrovascular infarction or hemorrhage, per-
cutaneous artery angioplasty of, or vascular surgery on,
the coronary, abdominal, peripheral, or carotid arteries.
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2.6 | Statistical analysis

Descriptive characteristics of the study population are
presented as mean and standard deviation (SD) for con-
tinuous variables or numbers and percentages for categor-
ical variables. To assess differences between individuals
with and without depressive symptoms, we performed
chi-square and analysis of variance (ANOVA) tests where
appropriate. General linear models were used to compare
daily patterns of sedentary time and LiPA, MVPA, and
sit-to-stand transitions (dependent variables) between
participant with and without prevalent/incident depres-
sive symptoms (independent variables). We tested for dif-
ference per hour and using 3-h time slots starting from
midnight. In the main analyses, we present the differ-
ences for the 3-h time slots for the ease of interpretation
and to reduce the number of statistical tests performed.
We adjusted for several covariates in the analyses: soci-
odemographic factors (age, sex, level of education) and,
because of the oversampling, type 2 diabetes. Moreover,
we adjusted for smoking status, alcohol consumption, en-
ergy intake, BMI, hypertension, total cholesterol-to-HDL
cholesterol ratio, history of CVD. Sensitivity analyses en-
compassed further adjustment for (1) mobility limitation,
(2) MVPA (only performed for LiPA and sedentary time),
(3) occupational status, (4) antidepressant drug use, (5)
MDD at baseline; in addition, we excluded individuals
(6) that used antidepressant drugs at baseline, and only
for the analysis with incident depressive symptoms (7)
individuals with MDD at baseline, and (8) individuals
with lifetime MDD. Moreover, we restricted the analysis
to (9) a group with maximum 2 missing follow-up meas-
urements for the analyses with incident depressive symp-
toms. Lastly, we tested the interactions between sex and
prevalent/incident depressive symptoms for the 3-h time
slots of all the estimated variables (sedentary time, LiPA,
MVPA, and number of sit-to-stand transitions) in the gen-
eral linear models. Similarly, interactions with diabetes
status were tested. All analyses were conducted using IBM
SPSS software version 21.0 (IBM Corp). Associations with
p<0.05 in two-sided tests were considered to be statisti-
cally significant.

3 | RESULTS
3.1 | Descriptive characteristics of the
population

Table 1 shows the characteristics of the population at
baseline (n = 5582) and the population with follow-up
data (n = 5113) stratified by presence of prevalent (yes/no)
and incident (yes/no) depressive symptoms, respectively.

The mean age of the baseline cohort was 59.9 +8.6years,
and 50.3% were women. On average, individuals with
prevalent or incident depressive symptoms had a lower
level of education, were more often smokers, had a higher
BMI, were less physically active, and had a less favorable
cardiovascular-risk profile compared to individuals with-
out depressive symptoms. Comparing individuals with
full data (included in the current analyses) and those with
missing data (excluded from the analyses), individuals
with missing data had more depressive symptoms and
a worse cardiovascular-risk profile compared to the in-
cluded individuals (Table S1).

3.2 | Daily patterns of sedentary
behavior and PA according to prevalent
depressive symptoms

Participant with prevalent depressive symptoms had sig-
nificant higher total daily sedentary time: mean sedentary
time (95% CI): 579.0 min (566.7-591.4) versus 560.4 min
(557.9-562.9) in those without prevalent depressive symp-
toms (p = 0.004, Table S2). When analyzing different time
slots (Figure 2A and Table S2), individuals with prevalent
depressive symptoms had statistically significantly more
sedentary time (all p <0.05) in the afternoon (12:00-15:00:
4.8 min, and 15:00-18:00: 5.1 min), early evening (18:00-
21:00: 3.8 min), and during the night (00:00-03:00: 6 min)
compared to those without prevalent depressive symp-
toms. In contrast, individuals with prevalent depressive
symptoms had statistically significant less sedentary time
early in the morning (06:00-09:00: 4.7 min) compared to
those without these symptoms. Similar differences were
observed when we examined patterns of physical activity
and sedentary behavior separately on weekday and week-
end days (Figure S1).

In the adjusted model, total daily LiPA was lower in
the participants with prevalent depressive symptoms
compared to those without prevalent depressive symp-
toms, 317.8 min (305.8-329.8) versus 344.6 min (342.1-
347.0) (p<0.001, Table S2). As shown in Figure 2B (and
Table S2), individuals with prevalent depressive symptoms
had statistically significantly less LiPA in all timeslots of
the day: (6:00-9:00: 5.7 min, 9:00-12:00: 7.3 min, 12:00-
15:00: 4.8 min, 15:00-18:00: 4.7 min, and 18:00-21:00:
3.1 min less LiPA) compared to those without these symp-
toms. Similar associations of prevalent depressive symp-
toms with LiPA were observed for weekday and weekend
days (Figure S1).

In addition to LiPA, also total daily MVPA time was
lower in individuals with depressive symptoms com-
pared to those without prevalent depressive symptoms
in the adjusted model, 35.5 min (32.7-38.4) versus
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FIGURE 2 Hourly distribution of (A) sedentary time, (B) LiPA, (C) MVPA, and (D) sit-to-stand transitions in individuals with and
without prevalent depressive symptoms. Statistically significant differences in time slots are reported with*. Model 3: adjusted for age, sex,
level of education, type 2 diabetes, smoking status, alcohol consumption, energy intake, BMIL, hypertension, cholesterol, history of CVD.

40.3 min (39.7-40.9), (Table S2, p = 0.001). As shown in
Figure 2C (and in Table S2), individuals with prevalent
depressive symptoms had statistically significantly lower
levels of MVPA during the morning and early in the af-
ternoon (06:00-09:00: 1.1 min, 09:00-12:00: 1.1 min,
and 12:00-15:00: 1.2 min less MVPA) and during the
evening (18:00-21:00: 0.7 min less MVPA) compared to
those without prevalent depressive symptoms. When
considering weekdays and weekend days separately,
the associations of prevalent depressive symptoms with
MVPA were most pronounced during weekend days
(Figure S1).

Finally, as shown in Figure 2D (and in Table S2),
total daily sit-to-stand transitions were comparable in
the individuals with and without prevalent depressive
symptoms in the adjusted model, 53.8 (52.0-55.7) versus
54.6 (54.2-55.0), p = 0.430. Individuals with prevalent
depressive symptoms had statistically fewer transitions
during the morning (6:00-9:00: 0.9 less transitions) and
more transitions during in-bed time (21:00-03:00: 1.0
more transitions) compared to those without prevalent
depressive symptoms. When considering weekdays and
weekend days separately, no differences were found
(Figure S1).
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without incident depressive symptoms. Statistically significant differences in time slots are reported with*. Model 3: adjusted for age, sex,
level of education, type 2 diabetes, smoking status, alcohol consumption, energy intake, body mass index, hypertension, cholesterol, history

of cardiovascular diseases.

3.3 | Daily patterns of sedentary
behavior and PA according to incident
depressive symptoms

Figure 3A-D shows the hourly patterns of sedentary be-
havior and PA over 24h by incident depressive symp-
toms in the adjusted model, over a median follow-up of
5.1years.

Total daily sedentary time was in the adjusted model
higher in individuals with incident depressive symp-
toms compared to those without depressive symptoms,
567.3 min (559.7-575.0) versus 559.1 min (556.4-561.8)

(Table S3, p = 0.046). As shown in Figure 3A (and
Table S3), individuals with incident depressive symp-
toms had statistically more sedentary time during early
(12:00-15:00: 2.9 min) and late afternoon (15:00-18:00:
4.1 min), early evening (18:00-21:00: 3.2 min) and during
the night (00:00-03:00: 4.3 min more sedentary time)
compared to those without incident depressive symp-
toms. When considering weekdays and weekend days
separately (Table S3), individuals with incident depres-
sive symptoms, compared to those without, had higher
daily sedentary time (adjusted model) during the week
and during the weekend, 565.4 min (556.1-574.8) versus
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553.2 min (549.9-556.5), p = 0.015 and (559.9-576.6) ver-
sus 562.0 min (559.0-564.9), p = 0.164, compared to those
without these symptoms, but the difference in sedentary
time seemed more pronounced during the weekend days.

Total daily LiPA was in the adjusted model lower in
participants with incident depressive symptoms com-
pared to those without depressive symptoms, 332.8 min
(325.3-340.2) versus 346.3 min (343.7-348.9) (Table S3,
p = 0.001). As shown in Figure 3B (and Table S3), indi-
viduals with incident depressive symptoms had less LiPA
during almost all day-time timeslots (6:00-9:00: 2.7 min
9:00-12:00: 3.0 min, 12:00-15:00: 2.0 min, 15:00-18:00:
2.6 min and 18:00-21:00: 2.8 min less LiPA) compared to
those without. No difference was observed in the evening/
night (between 21:00 and 06:00h). Similar patterns were
observed for weekdays and weekend days (Figure 2B and
Table S3).

In addition to LiPA, also total daily MVPA was in ad-
justed model lower in participants with incident depressive
symptoms compared to those without incident depressive
symptoms, 38.6 min (36.8-40.4) versus 40.9 min (40.3-
41.5), p = 0.016. As shown in Figure 3C (and Table S3),
individuals with incident depressive symptoms had lower
MVPA in the afternoon (15:00-18:00: 0.6 min less MVPA)
compared to those without incident depressive symp-
toms. When considering weekdays and weekend days
separately, the difference between individuals with and
without incident depressive symptoms became more pro-
nounced during weekend days, in particular during 12:00
and 18:00 (Table S3 and Figure 2C).

Regarding the sit-to-stand transitions, total daily tran-
sitions in the adjusted model were similar in participants
with incident depressive symptoms compared to those
without depressive symptoms, 54.7 (53.6-55.8) versus
54.6 (54.2-55.0) (Table S3, p = 0.840). Also, the pattern
over the day was similar for those with and without inci-
dent depressive symptoms with only a small statistically
significant difference observed during the early morning
(6:00-9:00, with 0.4 fewer transitions in those with inci-
dent depressive symptoms), as shown in Figure 3D (and
Table S3). Similar patterns were observed for weekdays
and weekend days (Figure 2D and Table S3).

3.4 | Additional analyses

Sensitivity analyses revealed similar associations after
(1) additional adjustment for mobility limitation, (2) ad-
ditional adjustment for MVPA in the sedentary time and
LiPA analyses, (3) additional adjustment for occupational
status, (4) additional adjustment for antidepressant drug
use, (5) additional adjustment for MDD at baseline, (6)
excluding individuals with antidepressant drug use at

baseline, and only for the analysis with incident depres-
sive symptoms (7) excluding individuals with MDD at
baseline, (8) excluding individuals with lifetime MDD,
and (9) admitting at maximum two missing follow-up
measurements (only for the analyses with incident de-
pressive symptoms). The differences in the daily pattern
of sedentary behavior and physical activity between indi-
viduals with and without prevalent depressive symptoms
and the daily pattern of sedentary behavior and physical
activity did not materially change the results. In sensitiv-
ity analyses, the differences between individuals with and
without incident depressive symptoms were similar, but
became slightly weaker for the analyses after excluding
individuals with MDD at baseline (Table S4) or exclud-
ing individuals with antidepressant drug use at baseline
(Table S5). Interactions between prevalent/incident de-
pressive symptoms with sex and diabetes status for the 3-h
time slots of all the estimated variables (sedentary time,
LiPA, MVPA, and number of sit-to-stand transition) were
tested and were not statistically significant (p>0.10).

4 | DISCUSSION

We evaluated the daily patterns of objectively measured
sedentary behavior and PA in people with prevalent and
incident depressive symptoms in a population-based
setting. Our study shows that people with prevalent de-
pressive symptoms had more sedentary time during
wake-time, especially during afternoon, early evening,
and night time, than people without these symptoms,
with similar results for weekdays and weekend days.
Moreover, individuals with prevalent depressive symp-
toms had statistically less LiPA as well as less MVPA
throughout the day, fewer sit-to-stand transitions during
daytime hours, and more transitions during the night
(that could also be during in-bed time) compared to those
without prevalent depressive symptoms. Similar results
were observed in participants with incident depressive
symptoms compared to those without, albeit the differ-
ences were smaller. Individuals with incident depressive
symptoms had more sedentary time, especially during the
afternoon and evening hours, and particularly on week-
end days, compared to those without incident depressive
symptoms. Further, participant with incident depressive
symptoms had lower levels of LiPA throughout the whole
day while only small differences in MVPA were observed.
In particular, for MVPA, the difference between the two
groups became more pronounced, during 12:00 and 18:00
when weekdays and weekend days were considered sepa-
rately. This could be explained by the fact that participants
without incident depressive symptoms engaged in more
MVPA during the weekend compared to the rest of the
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week while those who developed these symptoms did not
show higher MVPA during the weekend. Overall, par-
ticipant with prevalent or incident depressive symptoms
had lower levels of physical activity and spent more time
sedentary throughout the day, without major differences
in the pattern (level and timing) of physical activity and
sedentary behavior between those with and without de-
pressive symptoms.

Our study is, to the best of our knowledge, the first
study comparing daily activity patterns, taking both level
and timing into account by objectively measured PA
and sedentary behavior, between participants with and
without prevalent and incident depressive symptoms in
a large cohort of adults living in the community. Only
a few previous studies have assessed the association be-
tween daily activity pattern and prevalent depression.'®*
A small case—control study in 121 individuals (of which
58 with depressive symptoms) found that individuals with
prevalent depressive symptoms were more active during
the night compared to individuals without depressive
symptoms but less active during the morning and early
in the afternoon.'® Another study performed among de-
mentia caregivers found that caregivers with depressive
symptoms were less physically active only in the morning
(from 8:00 to 10:00), compared to caregivers without de-
pressive symptoms.' Our results show that participants
with prevalent depressive symptoms were more sedentary
(especially during the afternoon and early evening) and
had overall lower levels of PA during the day, prominently
during the morning than individuals without depres-
sive symptoms, which may reflect symptoms of fatigue,
low quality of sleep and anhedonia, which are part of
the depression phenotype.”’ Hence, we cannot exclude
the possibility of a bidirectional association between PA
and depressive symptoms. Indeed, previous research has
shown that as a consequence of depression, people might
be more sedentary and less active.?? At the same time, pre-
vious studies have also found an important role of PA in
treating depression.”® As for instance, evidence suggests
that aerobic exercise is effective in reducing depressive
symptoms in adults, particularly for those with more se-
vere depressive symptom.”* At the same time, replacing
sedentary time with LiPA and MVPA reduces the risk of
depression by 1.3% and 12.5%, respectively.”

Comparing participants with and without incident
depressive symptoms in the current study, similar results
were found as for prevalent depressive symptoms, albeit
smaller differences in sedentary time and PA were ob-
served. Our results support a temporal association of both
less LiPA and MVPA with the development of depressive
symptoms, although we cannot exclude misclassifica-
tion of depressive symptoms at baseline that might have

resulted in a reduction of physical activity. We have previ-
ously shown in a smaller sample of the Maastricht Study
that lower levels of total amount of daily LiPA in women
were associated with a higher risk of incident depressive
symptoms.”® Results from the current analyses suggest
that lower levels of LiPA are associated with prevalent
and incident depression in women as well as in men and
that the total amount of LiPA is more important than the
pattern in which activity is spread throughout the day. In
light of this, future interventions may focus on reducing
the total volume of sedentary time and increasing phys-
ical activity rather than concentrating on the activities
in some specific hours of the day. More focus on low-
intensity activities throughout the day could be of inter-
est as this might be relatively more feasible, effective, and
cost-effective.””*®

4.1 | Potential biological mechanisms
Several mechanisms may explain the association of PA,
sedentary behavior, and depression. PA seems to play
an important role in mood regulation by reducing the
hypothalamic-pituitary-adrenal axis reactivity, which
appears to be upregulated in depression due to chronic
stressors.” In vivo studies have shown a serotonergic ac-
tivity of PA. Indeed, higher level of both noradrenalin and
serotonin has been found after PA, suggesting that PA
and serotoninergic antidepressant drug may simulate the
same effects.’® Moreover, PA may increase brain-derived
neurotrophic factor levels, which are associated with both
cognitive and emotional enhancement, especially after
regular PA.>" PA seems also able to reduce the inflam-
matory status which is interrelated with improvement
of vascular and microvascular function®?; both, inflam-
mation and microvascular dysfunction are implicated in
the etiology of depression.33'35 In addition, in an earlier
study in the same cohort, we observed that a lower level
cardio-respiratory fitness was associated with a higher
risk of depressive symptoms, and PA is one of the modi-
fiable factors able to improve cardio-respiratory fitness.*
Cardio-respiratory fitness reflects the capacity of the body
in transporting and using oxygen and nutrients, and a re-
duced supply of oxygen and nutrients to the brain could
contribute to poorer perfusion of areas involved in mood
regulation.

4.2 | Limitations and strengths

Some limitations of this study need to be taken into ac-
count when interpreting its findings. PA and sedentary
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behavior data were collected only at baseline, and po-
tential changes over time could not be considered.
Moreover, as reported in Table S1, individuals with de-
pressive symptoms or with severe depression may be
less likely to participate, leading to potential selection
bias, which probably resulted in an underestimation of
the strength of the associations. Lastly, the PHQ-9 is not
a diagnostic tool for MDD, an PHQ-9 score higher than
10 is suggestive for depressive symptoms, but does not
necessarily equate with MDD. However, it is a validated
instrument, with high sensitivity and specificity,'* and
cross-sectional analyses with the MINI showed remark-
ably similar results, misclassifications are therefore
expected to be low.!' Moreover, the comparison be-
tween PHQ-9 and MDD diagnosis has been performed
within the dataset of The Maastricht Study in a previ-
ous publication that found a good level of sensitivity and
specificity.’’

Important strengths of this study include the ob-
jectively measured physical behavior. Measurement of
physical activity and sedentary behavior was performed
with the activPAL activity monitor, allowing for an ob-
jective and continuous activity assessment in daily life
over multiple days and the assessment of detailed daily
patterns physical behavior. The measurements obtained
by the thigh-worn accelerometer is based on a combi-
nation of both tri-axial acceleration and posture which
has been proven to be more accurate in measuring sed-
entary time and transitions in posture compared to in-
struments using only acceleration technology.*® Other
strengths include the large sample size (228 individuals
with depressive symptoms at baseline and 564 with in-
cident depressive symptoms during 7 years of follow-up)
and extensive data collection enabling to control for
most important covariates.

5 | PERSPECTIVE

Our data show that middle-aged and older adults with
prevalent depressive symptoms were more likely to be
more sedentary and less physical active (of both light and
moderate to vigorous intensity) during daytime compared
to participants without depressive symptoms, even if no
major differences in the hourly patterns over the day
have been observed. The same trends, but with somewhat
weaker associations, were observed with incident depres-
sive symptoms. Overall, we did not find specific time slots
particularly associated with both prevalent and incident
depressive symptoms. These findings may indicate that
less sedentary time and more intense PA can be important
targets for the prevention of depression irrespective of the
timing of the day.
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