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INTRODUCTION

There is an established inverse relationship between physical 
activity behavior and depression symptomology [1-6]. Emerging 
research demonstrates that independent of physical activity, 
prolonged sedentary behavior is unfavorably associated with 
various cardiometabolic parameters [7-12]. Cross-sectional 
work also suggests that sedentary behavior is independently and 
positively associated with depression symptoms [13-15]. Less 
research, however, has evaluated the prospective associations 
of sedentary behavior on depression [16]. Among 1,511 
women aged 18-45 years, Teychenne et al. [16]. demonstrated 
that sedentary behavior at baseline was not associated with 
follow-up depression symptomology, but baseline depression 
was associated with greater sedentary behavior at follow-up. 
Given the limited work on this topic, the purpose of this study 
was to evaluate the association between changes in screen-time 
sedentary behavior and changes in depression symptomology, 
written here as a brief report.

METHODS

Study Design and Participants

A random sample of 900 faculty/staff at the authors’ institution 
were sent an e-mail asking if they wanted to participate in 
an on-line survey; 73 completed the baseline survey in early 
September, 2015. At an approximate 2 months follow-up 
(mean, 66.7 days; standard deviation [SD], 11.4, range, 
55-90 months), 29 of these participants recompleted the 
same survey for follow-up assessment. Notably, there were no 
significant differences in the study variables between those 
included in the analysis and those lost to follow-up. These 29 
participants constitute the analytic sample of this pilot study. 
Inclusion criteria included being at least 18 years of age and 
exclusion criteria included being pregnant or having an infant 
within the last 6 months (n = 1). All procedures were approved 
by the authors’ institutional review board, with participant 
consent obtained.
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Depression

At baseline and follow-up, participants completed the Patient 
Health Questionnaire-9 (PHQ-9) [17]. The PHQ-9 is the 9-item 
depression module from the full Patient Health Questionnaire, 
which is a 3-page self-administered questionnaire that assesses 8 
diagnoses. The PHQ-9 depression scale consists of the actual 9 
criteria on which the diagnosis of DSM-IV depressive disorders 
is based. Sample items include, “over the last 2 weeks, how 
often have you been bothered by”: “Feeling down, depressed 
or hopeless,” “feeling tired or having little energy,” and “trouble 
concentrating on things, such as reading the newspaper or 
watching television.” For each question, participants responded 
using a 4-point Likert scale, with responses including not 
at all (0), several days (1), more than half the days (2), and 
nearly every day (3). Items were summed, with higher scores 
indicating greater severity of depression. As a measure of 
severity, the PHQ-9 can range from 0 to 27 since each of the 9 
items can be scored from 0 (not at all) to 3 (nearly every day). 
Typically, depression severity via the PHQ-9 is defined by the 
following established cut-points from the total PHQ-9 score: No 
depression (0-4), mild depression (5-9), moderate-depression 
(10-14), moderately-severe depression (15-19), and severe 
depression (20-27) [17]. For the analyses presented herein, we 
modeled depression symptoms as a continuous variable, as only 
8 out of the 29 participants had a baseline PHQ-9 score of 5 or 
greater, with 6 out of 29 (20.7%) having a baseline PHQ-9 score 
of 10 or higher. Notably, this 20.7% is higher than the national 
average (7.5%) for adults in the general population [In this 
CDC reference [18]].

In addition, a change score for depression symptoms was 
calculated by subtracting the baseline PHQ-9 score from 
the follow-up PHQ-9 (i.e., PHQ-9follow-up - PHQ-9base). Thus, 
a positive  (+) change score would indicate an increase in 
depression symptomology over the follow-up period.

The PHQ-9 has demonstrated evidence of reliability and validity, 
with Cronbach’s alpha ranging from 0.86 to 0.89 and a 48 h test-
retest correlation coefficient of 0.84 [17]. In the present sample, 
the internal consistency of this questionnaire, as measured by 
Cronbach’s alpha, was excellent at both time periods; baseline 
α = 0.92, follow-up α = 0.90.

Sedentary Behavior

As part of the Adult Sedentary Behavior Questionnaire [19], 
participants completed items related to their time spent 
watching TV and on the computer/videos. Specifically, (1) 
In a typical weekday/weekend day over the last week, how 
much time did you spend watching TV (including videos on 
VCR/DVD)? And (2) In a typical weekday/weekend over the 
last week, how much time did you spend on the computer or 
videos? Participants were asked to answer these questions for the 
weekday and weekend, with response options of: none (coded as 
“0”), 15 minutes or less (0.25), 30 min (0.5), 1 h (1), 2 h (2), 3 
h (3), 4 h (4), 5 h (5), or 6+ h (6). Responses were re-calculated 
to be expressed per week (i.e., 5 × weekdays + 2 × weekends). 

These items have previously demonstrated evidence of test-
retest reliability among adults [19]. For the TV item, the ICC 
for weekdays and weekend days, respectively, has been shown 
to be 0.857 and 0.828. For the computer/videos item, the ICC 
for weekdays and weekend days, respectively, has been shown 
to be 0.829 and 0.801 [19].

An overall baseline screen-time sedentary behavior score was 
calculated by summing the responses for the TV and computer/
video items for the weekday and weekend. In addition, a 
change score for screen-time sedentary behavior was calculated 
by subtracting the baseline screen-time sedentary behavior 
score from the follow-up screen-time sedentary behavior score 
(i.e., Sedentaryfollow-up - Sedentarybase). Thus, a positive (+) 
change score would indicate an increase in screen-time sedentary 
behavior over the follow-up period.

Covariates

Based on other research [1-6] covariates included age, gender, 
change score for moderate-to-vigorous physical activity (MVPA), 
change score for body mass index (BMI), change score for 
sleep duration, change score for anxiety, baseline smoking 
status, baseline perceived general health status, and duration 
of follow-up.

With regard to the change score in MVPA, this was calculated 
using the same formula as above and determined from weekly 
MVPA engagement from the short-form International Physical 
Activity Questionnaire (IPAQ) [20]. With regard to BMI, 
participants self-reported their height and weight, with BMI 
calculated as kg/m2. A change score for sleep duration was 
adopted from the National Health and Nutrition Examination 
Survey (NHANES) by asking participants, “On average, how 
many hours of sleep do you get each night?” For anxiety, 
participants completed the OASIS (5-item) anxiety survey [21], 
with the internal consistency for this item being 0.89 and 
0.90, respectively, for the baseline and follow-up assessments. 
Smoking status was self-reported as current smoker versus not. 
General perceived health status was assessed using the item 
from the NHANES: “Would you say your health in general is: 
Excellent, very good, good, fair or poor.” Finally, duration of 
follow-up was calculated as the length (in days) between the 
baseline and follow-up assessment.

Statistical Analysis

Analyzes computed in Stata (v.12). Various nested linear 
regression models were computed given the small sample size. 
Statistical significance was established as P < 0.05.
1. The first series of nested models evaluated the association 

between the screen-time sedentary behavior change score 
(independent variable) and the depression symptoms 
change score (outcome variable).

 a. Model 1 was an unadjusted model.
 b. Model 2 added age and gender as covariates.
 c.  Model 3 included age, gender, and the MVPA change 

score.
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 d.  Model 4 included age, gender, MVPA change, and BMI 
change.

 e.  Model 5 included age, gender, MVPA change, BMI 
change, and sleep change.

 f.  Model 6 included age, gender, MVPA change, BMI 
change, sleep change, and anxiety change score.

 g.  Model 7 included age, gender, MVPA change, BMI 
change, sleep change, anxiety change, follow-up 
duration, smoking status, and general health status.

These nested and sequential models were evaluated given the 
small sample size of this pilot study. That is, reliance on the 
results of only model 7 would be inappropriate as this model 
is likely over adjusted (i.e., 12 IVs for a sample size of 29). 
However, if the results are similar across all the models, then 
this would suggest some degree of robustness for the observed 
association between screen-time sedentary behavior and 
depression symptoms.
2. The next main regression analysis evaluated the association 

between the screen-time sedentary behavior change 
score (IV) on the follow-up (not change) depression 
symptoms score (DV), while controlling for baseline 
depression level, age, gender, MVPA change, BMI change, 
sleep change, anxiety change, follow-up duration, smoking 
status, and general health status.

3. The last regression analysis was similar to this second 
regression model, but instead examined the association 
between the depression symptoms change score (IV) on 
follow-up (not change) screen-time sedentary behavior 
(DV), while controlling for baseline screen-time sedentary 
behavior, age, gender, MVPA change, BMI change, sleep 
change, anxiety change, follow-up duration, smoking status, 
and general health status.

Notably, the second main analysis (labeled here as #2) was 
used to confirm analysis 1, with analysis 3 used to examine 
the potential bi-directional association between screen-time 
sedentary behavior and depression symptoms.

RESULTS

Characteristics of the study variables are shown in Table 1. 
On average, participants were approximately 37-years-old; the 
majority of participants were female (79%) and white (90%).

The first series of nested models [Table 2] evaluated the 
association between the screen-time sedentary behavior change 
score (independent variable) and the depression symptoms 
change score (outcome variable).

As shown in Table 2, changes in screen-time were associated with 
changes in depression symptomology. This result was consistent 
across all the models shown in Table 2. As an example, and as 
shown in Model 7 of Table 2, a unit (h/week) increase in screen-
time was associated with a 0.65 unit (PHQ-9 score) increase 
in depression symptomology. Notably, Model 7 explained the 
most variance (60%) of changes in depression symptomology, 
whereas Model 6 had the lowest Akaike information criterion. 
However, the purpose of these nested models was not to 

identify which model best explained changes in depression 
symptomology, but rather to demonstrate that increases in 
screen-time sedentary behavior were associated with increases 
in depression symptomology across multiple scenarios that 
considered various covariates.

In this extended adjusted model (i.e., Model 7), there was no 
evidence of multicollinearity: Mean VIF, 1.77; highest individual 
VIF, 2.62; and lowest individual tolerance statistic, 0.38. Notably, 
race-ethnicity was not included as a covariate given that nearly 
all of participants (90%) were white; however, when race-
ethnicity was included in the model, results were unchanged 
(data not shown).

Table 1: Characteristics of the study variables (n=29)
Variable Mean/proportion SD Range

Age, mean years 36.8 15.3 18-67
Female, % 79.3
Race-ethnicity, %

Non-Hispanic white 89.7
Non-Hispanic black 3.4
Other 6.9

Smoking status, %
Non-smoker 89.7
Smokes some days 3.4
Smokes every day 6.9

Perceived health status, %
Excellent 20.7
Very good 55.2
Good 13.8
Fair 6.9
Poor 3.4
BMI at baseline, mean kg/m2 25.6 5.8 18.1-43.2
BMI at follow-up, mean kg/m2 25.8 5.9 18.9-43.6
BMI change score 0.09 0.7 –1.1-2.7
MVPA at baseline, 
mean min/week

156.5 157.5 0-532

MVPA at follow-up, 
mean min/week

126.8 146.9 0-600

MVPA change score –29.7 179.9 –270-535
TV/computer at baseline, 
mean h/week

9.3 5.0 2.25-20

TV/computer at follow-up, 
mean h/week

11.4 4.5 2.25-22

TV/Computer change score† 2.1 3.8 –6-12
Sleep at baseline, mean h/night 6.5 1.1 4-8
Sleep at follow-up, mean h/night 6.3 1.2 4-9
Sleep change score –0.17 0.6 –2-1
Anxiety at baseline, mean 3.3 3.4 0-14
Anxiety at follow-up, mean 3.3 3.6 0-13
Anxiety change score –0.03 2.9 –9-8
Depression symptoms at 
baseline, mean PHQ-9

4.7 5.7 0-22

Depression symptoms at 
follow-up, mean PHQ-9

5.4 5.4 0-22

Depression symptoms 
change score‡

0.7 5.1 –13-11

Follow-up period, mean days 66.7 11.4 55-90

BMI: Body mass index, MVPA: Moderate-to-vigorous physical activity, 
PHQ-9: Patient health questionnaire-9, TV: Television, †Based on a 
paired-samples t-test, baseline screen-time was significantly different 
than follow-up screen time (P=0.007), ‡Based on a paired-samples 
t-test, baseline depression was not significantly different than follow-up 
depression (P=0.47)
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The next main regression analysis evaluated the association 
between the screen-time sedentary behavior change score (IV) 
on the follow-up (not change) depression symptoms score (DV), 
while controlling for baseline depression level, age, gender, 
MVPA change, BMI change, sleep change, anxiety change, 
follow-up duration, smoking status, and general health status.

As shown in Table 3, in this adjusted model, changes in 
screen-time sedentary behavior was positively associated with 
follow-up depression symptoms (β = 0.57; 95% CI: 0.08-1.05; 
P = 0.02). Notably, a unit (h/week) increase in screen-time was 
associated with a 0.57 unit (PHQ-9 score) increase in depression 
symptomology at the follow-up period.

The last regression analysis was similar to this second regression 
model, but instead examined the association between the 
depression change score (IV) on follow-up (not change) screen-
time sedentary behavior (DV), while controlling for baseline 
screen-time sedentary behavior, age, gender, MVPA change, 
BMI change, sleep change, anxiety change, follow-up duration, 
smoking status, and general health status.

As shown in Table 4, in this adjusted model, changes in 
depression symptoms was not associated with follow-up 
screen-time sedentary behavior (β = 0.31; 95% CI: –0.08-71; 
P = 0.11). Notably, a unit (1 PHQ-9 score increase) increase 
in depression symptomology was associated with a non-
significantly 0.31 unit (h/week) increase in screen-time at the 
follow-up period.

DISCUSSION

In this brief-report pilot study, we aimed to examine whether 
increases in screen-time sedentary behavior, independent of 
MVPA and other potential confounders, was associated with 
increases in depression symptomology. This topic has not 
been extensively evaluated in prospective studies [16]. Here, 
we observed a prospective association between changes in 
sedentary behavior and changes in depression symptoms. The 
potential link between screen-time sedentary behavior and 
depression symptoms may, in part, be a result of cardiometabolic 
changes linked with prolonged sedentary behavior. For example, 
increased sedentary behavior has been shown to inhibit 
lipoprotein lipase enzyme activity, which plays an important 
role in triglyceride and cholesterol metabolism [22]. Recently, 
hypercholesterolemia has been shown to trigger brain chemical 

alterations involved in depression disorders [23]. The present 
study was not able to empirically support this assertion as 
cardiometabolic parameters were not evaluated in this pilot 
study.

Although there is some biological plausibility to explain the 
association between increased sedentary behavior and increased 
depression symptoms, it is well established that symptoms of 
depression include physical inactivity. Thus, it is possible that a 
bi-directional relationship exists between sedentary behavior and 
depression symptoms, which are in support of other work [16]. 
Our analysis 3, however, did not support an association between 
changes in depression symptoms (independent variable) and 
follow-up sedentary behavior. Of course, though, the sample 
size of this pilot study was very low, which may have rendered 
too low of statistical power to detect this likely relationship.

CONCLUSION

The main findings of this pilot study suggest the possibility 
that increases in screen-time sedentary behavior may increase 

Table 2: Prospective association between changes in screen-time and changes in depression symptomology (outcome variable)
Models Covariates β for changes 

in screen-time
95% CI P value R2 AIC

Model 1 Unadjusted 0.59 0.13-1.05 0.01 0.20 173.3
Model 2 Age, gender 0.66 0.12-1.19 0.01 0.22 176.8
Model 3 Age, gender MVPA change 0.75 0.20-1.30 0.009 0.27 176.7
Model 4 Age, gender, MVPA change, BMI change 0.79 0.28-1.31 0.004 0.38 173.9
Model 5 Age, gender, MVPA change, BMI change, sleep change 0.78 0.32-1.24 0.002 0.53 167.6
Model 6 Age, gender, MVPA change, BMI change, sleep change, anxiety change score 0.62 0.09-1.14 0.02 0.57 167.5
Model 7 Age, gender, MVPA change, BMI change, sleep change, anxiety change, 

follow-up duration, smoking status, general health status
0.65 0.06-1.23 0.03 0.60 171.8

BMI: Body mass index, MVPA: Moderate-to-vigorous physical activity, AIC: Akaike information criterion, CI: Confidence interval

Table 3: Prospective association between changes in screen-time 
with follow-up depression symptomology (outcome variable), 
while controlling for baseline depression symptomology and 
other covariates†

β for changes in screen-time 95% CI P value R2 AIC

0.57 0.08-1.05 0.02 0.76 161.3

†Covariates included baseline depression symptomology, age, gender, 
MVPA change, BMI change, sleep change, anxiety change, follow-up 
duration, smoking status and general health status, BMI: Body mass 
index, MVPA: Moderate-to-vigorous physical activity, AIC: Akaike 
information criterion, CI: Confidence interval

Table 4: Prospective association between changes in depression 
symptomology on follow-up screen-time (outcome variable), 
while controlling for baseline screen-time and other covariates†

β for changes in depression 
symptomology

95% CI P value R2 AIC

0.31 –0.08-0.71 0.11 0.72 156.4

†Covariates included baseline screen-time sedentary behavior, age, 
gender, MVPA change, BMI change, sleep change, anxiety change, 
follow-up duration, smoking status, and general health status, BMI: Body 
mass index, MVPA: Moderate-to-vigorous physical activity, AIC: Akaike 
information criterion, CI: Confidence interval
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depression symptoms. Of course, our observations should be 
interpreted with caution given the very small sample size, low 
response rate, the subjective assessment of all the evaluated 
parameters, utilization of only TV/computer time as a proxy for 
sedentary behavior, lack of assessment of potential underlying 
mechanisms (e.g., cardiometabolic parameters), homogeneity 
with regard to various demographic characteristics (e.g., gender 
and race-ethnicity), and the relatively short follow-up period. 
This study is not without strengths, however, in that we used 
a prospective study design and included a comprehensive 
assessment of various potential confounders. At minimum, we 
feel these findings should spawn the development of future 
replicative work on this topic.
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