
Primary Care Diabetes xxx (xxxx) xxx

Please cite this article as: Layan Sukik et al., Primary Care Diabetes, https://doi.org/10.1016/j.pcd.2023.09.006

1751-9918/© 2023 Primary Care Diabetes Europe. Published by Elsevier Ltd. All rights reserved.

The association between screen time and depression symptoms severity 
among adults with diabetes: A cross-sectional study 

Layan Sukik a, Bushra Hoque b, Linda Boutefnouchet b, Mohamed Elhadary c, Hiba Bawadi b, 
Mujahed Shraim a,* 

a Department of Public Health, College of Health Sciences, QU Health, Qatar University, P.O. Box 2713, Doha, Qatar 
b Department of Human Nutrition, College of Health Sciences, QU Health, Qatar University, P.O. Box 2713, Doha, Qatar 
c College of Medicine, QU Health, Qatar University, P.O. Box 2713, Doha, Qatar   

A R T I C L E  I N F O   

Keywords: 
Screen time 
Depression symptoms severity 
PHQ-9 
Diabetes 
Cross-sectional study 

A B S T R A C T   

Objective: To investigate the association between time spent on screen-based sedentary behavior (SBSB) and 
depression symptom severity (DSS) among adults with type 2 diabetes. 
Methods: A cross-sectional study employing secondary data collected by Qatar Biobank (QBB) on 2386 adults 
with type 2 diabetes aged ≥ 18 years. Self-reported data on DSS measured using the Patient Health Quationnaire- 
9 and daily time spent on SBSB per week was used. 
Results: After adjusting for covariates, including physical activity and sleep duration, subjects who spent 2–4 h or 
> 4 h a day on SBSB watching TV or other devices other than computers during weekdays had increased odds of 
higher DSS than subjects who spent < 1 h by 44% (95% Confidence interval (CI) 13–83%) and 52% (95% CI 
17–96%), respectively. Subjects who spent > 4 h a day on SBSB using computers during weekdays had increased 
odds of higher DSS by 115% (95% CI 56–196%) than subjects who spent < 1 h. Similar associations were 
observed between time spent on SBSB using the mentioned devices during weekends and DSS. 
Conclusion: Increase in time spent on SBSB is independently associated with increased DSS among adults with 
type 2 diabetes regardless of the equipment used or timing of the week.   

1. Introduction 

Depression is a common mental disorder affecting around 246 
million people worldwide, mostly women and younger people [1]. In the 
Global Burden of Disease Study 2019, depressive disorders were ranked 
as the second leading cause of years lived with disability [2]. Globally, 
the incidence of depression has increased by approximately 50% be-
tween the year 1990 and 2017, with the highest increase observed in 
Qatar [3]. More recently, about 53 million additional cases of major 
depressive disorder globally were attributed to the COVID-19 pandemic 
[1]. The exact causes for depression are not clearly understood, but a 
complex interaction between diverse risk factors such as genetic, bio-
logical, socioeconomic, and psychological factors appear to contribute 
to depression [4]. Depression is associated with poor quality of life, 
increased risk of suicide, and is more prevalent among patients suffering 
from chronic physical conditions [5–8]. 

The global prevalence of diabetes in 2019 was 7.5% (374 million), 
which is projected to increase to 8.0% (454 million) and 8.6% (548 

million) by 2030 and 2045, respectively [9]. Research evidence shows 
that depression is a common comorbid condition in patients with dia-
betes. A systematic review with meta-analysis including 248 studies 
showed that 28% of patients with type 2 diabetes experienced depres-
sion [10]. Similarly, in another systematic review, the prevalence of 
depression in individuals with type 1 diabetes and type 2 diabetes were 
higher by 9% and 8% as compared to individuals without diabetes, 
respectively [11]. 

“Sedentary behavior refers to activities that do not increase energy 
expenditure substantially above the resting level and includes activities 
such as sleeping, sitting, lying down, and watching television, and other 
forms of screen-based entertainment” [12]. There is compelling evi-
dence that sedentary behavior, independent of physical activity, is 
associated with increased risk of cardiovascular disease, cancer, and 
mortality [13,14]. Additionally, the increased risk of all-cause mortality 
attributed to sedentary behavior is greater among individuals with high 
body mass index (BMI), hypertension, and diabetes [14]. Two recent 
systematic reviews reported a positive association between time spent 
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on screen-based sedentary behavior (SBSB) and depression [15,16]. For 
example, a meta-analysis of 18 cohort studies, with a total of 241,398 
participants, reported that increased time spent on SBSB was associated 
with increased depression risk by 10% (95% confidence interval, 
5–14%) [16]. The exact mechanisms underlying the association between 
time spent on SBSB and depression independent of physical activity are 
not clear. 

There is some evidence that daily time spent on SBSB and depression 
is more prevalent among individuals diagnosed with diabetes compared 
to those without diabetes [17,18]. However, research evaluating the 
relationship between time spent on SBSB according to type of SBSB and 
depression among individuals with diabetes is limited. The aim of this 
study is to examine the association between time spent on SBSB and 
depression symptoms severity (DSS) among individuals with type 2 
diabetes in Qatar, a country with an estimated prevalence of diabetes 
and depression at 13% [19] and 18% [20], respectively. 

2. Methods 

2.1. Study design, setting and population 

This was a cross-sectional study using secondary data on adults with 
type 2 diabetes collected by Qatar Biobank (QBB). QBB is a population- 
based study of Qatari nationals and long-term residents (living in Qatar 
for ≥15 years) aged ≥ 18 years [21]. Since 2012, QBB has been col-
lecting intensive baseline data including physical, clinical, and behav-
ioral characteristics from QBB population which reached 38,213 
individuals in 2023 [22]. Through self-administered questionnaires, 
data on socioeconomic status, general health, diet, and lifestyle factors 
were collected. A nurse interview was conducted to collect data such as 
occupation, family history of diseases, current disease status, and 
medication use [21]. The Institutional Review Board of Hamad Medical 
Corporation Ethics Committee approved the study protocols of QBB 
(Ex-2023- QF-QBB-RES-ACC-00172-0246). All subjects provided writ-
ten consent prior to enrollment in QBB population-based study. The 
current study was approved by QBB IRB for secondary data analysis 
(QF-QBB-RES-ACC-00116). 

2.2. Data collection 

Detailed information on measurements and data collection methods 
used by QBB are reported elsewhere [21]. 

2.3. Outcome variable 

The outcome variable was DSS measured using the Patient Health 
Questionnaire-9 (PHQ-9). The PHQ-9 is a reliable and validated self- 
administered questionnaire for screening and monitoring of DSS, with 
a PHQ-9 score of ≥ 10 demonstrating 88% sensitivity and 88% speci-
ficity for detecting major depression [23]. The PHQ-9 assesses the extent 
to which the questionnaire’s respondent has been bothered by nine 
problems over the last two weeks measured on a 4-point Likert Scale 
ranging from “not at all” (scored 0) to “nearly every day” (scored 3). 
Total PHQ-9 scores of 0–4, 5–9, 10–14, 15–19, and 20–27 represent 
cutoff points for none-minimal, mild, moderate, moderately severe, and 
severe depression symptoms, respectively [23]. 

2.4. Exposure variable 

The main exposure variable was SBSB defined as “time spent using a 
screen-based device (e.g., smartphone, tablet, computer, television) 
while being sedentary in any context (e.g., school, work, recreational)” 
[24]. QBB collected self-reported daily hours spent on SBSB stratified by 
type of equipment and time during a typical week by asking the par-
ticipants the following questions: “Please tell us about the time you have 
spent sitting per day during a typical week watching TV, DVDs, mobile 

phone, iPad etc.”; “Please tell us about the time you have spent sitting 
per day during weekends: watching TV, DVDs, mobile phone, iPad etc.”; 
“Please tell us about the time spent sitting per day using computer”; 
“Please tell us about the time spent sitting per day during weekends 
using computer”. Each question had the following answer options: none, 
< 1 h per day, between 1 h and < 2 h per day, between 2 and 4 h per day, 
and > 4 h per day. These questions were used by QBB to augment the 
International Physical Activity Questionnaire, which were pilot tested 
and adapted according to participant’s age, sex, and marital status.[21]. 

2.5. Covariates 

To control for potential confounding variables, the covariates 
included sociodemographic factors (age, gender, education level, in-
come and employment), clinical characteristics (obesity, diabetes 
duration and treatment type, Hemoglobin A1c (HbA1c) percentage, and 
medical comorbidity), and behavioral factors (sleeping and napping 
duration, diet modification, snacking and fast food consumption pat-
terns, smoking, and leisure-time physical activity) previously associated 
with depression among patients with diabetes and more likely to be 
related to sedentary behavior [25–28]. The covariates were collected 
through QBB self-administered health and lifestyle questionnaires and 
blood tests as follows: age (years); gender (female, male); current 
smoking status (no, yes, ex-smoker); monthly income in Qatari Riyal 
(<10,000, 10,000–20,000, 20,001–50,000, >50,000); employment 
status (employed, retired, other); job involves working during the night 
(no/not applicable, 2 nights or less/month, 3 nights or more/month). 
Education level was classified as “low” (primary and secondary school), 
“medium” (technical or professional school), and “high” (university and 
postgraduate degree). BMI (kg/m2) was classified using the WHO BMI 
cut-off points into the following categories: underweight (<18.5), 
normal range (18.5–24.9), overweight (25–29.9), and obese (>30) [29]. 
Other covariates included high blood cholesterol diagnosis (yes, no); 
high blood pressure diagnosis (yes, no); diabetes duration (≤10 years, 
>10 years); HbA1c%; treatment type for diabetes (diet, tablets, insulin, 
tablets, and insulin). Self-reported dietary covariates were diet modifi-
cations status during last year (yes, no); frequency of fast food con-
sumption from home-delivery, take-away, and fast food restaurants 
during a typical week in the last year (never/rarely, once, twice, 3–5 
times, every day or almost every day); frequency of snacks consumed 
between meals during a typical week in the last year (never/rarely, once 
or twice, 3–5 times, 6–7 times, >7 times). In addition, number of hours 
of sleep per day (<5, 5-<7, 7-<8, ≥8) including naps and frequency of 
naps per day (never/rarely, sometimes, frequently, always) in a typical 
week during the last year were included. Finally, leisure-time physical 
activity quantified as metabolic equivalent (MET) (minutes/week) 
measured using the international physical activity questionnaire was 
included [30]. 

2.6. Statistical analysis 

Descriptive statistics were used to summarize the characteristics of 
participants, with mean and standard deviation (SD) for continuous 
variables and frequency with percentage for categorical variables. Bi- 
variable and multivariable ordinal regression analyses were used to 
evaluate the association between time spent on SBSB and DSS. Separate 
analyses were performed to evaluate the relationship between each of 
the four exposure variables and DSS: (1) daily time spent on SBSB 
watching TV, DVD, tablet, and phone during weekdays; (2) daily time 
spent on SBSB watching TV, DVD, tablet, and phone during weekends; 
(3) daily time spent on SBSB using computer during weekdays; (4) daily 
time spent on SBSB using computer during weekends. Odds ratio (OR) 
and 95% confidence interval (CI) was used as a measure of association. 
Data analysis was performed using STATA 17 [31]. 
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3. Results 

3.1. Subject characteristics 

Data on 2386 subjects with type 2 diabetes and aged ≥ 18 years was 
retrieved from QBB and included in the present study. The sample 
characteristics are summarized in Table 1. The mean age of the sample 
was 51.6 years (SD= 11.8), and it included 1418 females (59.4%). Most 
subjects were non-smokers (74.2%), 41.1% had low education level, 
48.0% employed, 60.8% obese, 65.1% reported sleeping for < 7 h per 
day (including naps), 54.9% treated with tablets for diabetes, and 62.5% 
and 42.5% of subjects were diagnosed with high blood cholesterol and 
high blood pressure, respectively. The mean leisure-time physical ac-
tivity was 883.5 MET min/week (SD= 2297.1). The highest percentage 
of subjects (58.2%) had minimal DSS, followed by mild (26.5%), mod-
erate (10.8%), moderately severe (2.9%), and severe depression symp-
toms (1.7%). 

3.2. Association between SBSB and DSS 

Crude and adjusted associations between all predictor variables and 
DSS are presented in supplemental Table 1–4. Adjusted associations 
between daily time spent on SBSB and DSS are presented in Table 2. 
After adjusting for all covariates included in the study, subjects who 
spent 2–4 h or > 4 h a day on SBSB watching TV or using digital devices 
other than computers during weekdays had statistically significant 
increased odds of having higher DSS than subjects who spent < 1 h by 
44% (95% CI 13–83%) and 52% (95% CI 17–96%), respectively. Simi-
larly, subjects who spent 2–4 h or > 4 h a day on SBSB watching TV or 
devices other than computers during weekdays or weekends had 
increased odds of reporting higher DSS by 39% (95% CI 10–75%) and 
59% (95% CI 24–102%) than those who spent < 1 h. No statistically 
significant associations between daily time spent on SBSB and DSS in 
subjects who spent 1 to < 2 h watching TV or other devices other than 
computers during weekdays or weekends compared to those who spent 
< 1 h. 

Subjects who spent > 4 h a day on SBSB using computers during 
weekdays had increased odds of having higher DSS by 115% (95% CI 
56–196%) than subjects who spent < 1 h. Moreover, subjects who spent 
1-< 2 h or > 4 h on SBSB using computers during weekends had 
increased odds of reporting higher DSS compared to those spent < 1 h by 
77% (95% CI 30–142%) and 136% (95% CI 67–236%), respectively. No 
statistically significant associations between SBSB and DSS among sub-
jects who spent 1 to < 2 or 2–4 h a day using computers during week-
days, or 2–4 h a day during weekends in comparison with those who 
spent < 1 h a day during weekdays or weekends (Table 2). 

4. Discussion 

To our knowledge, this is the first study to examine the association 
between time spent on specific types of SBSB during weekdays and 
weekend and DSS among a large sample of individuals with type 2 
diabetes. Our study showed that spending 2 h or more a day on SBSB 
devices other than computers during weekdays or weekends was asso-
ciated with more DSS. Moreover, spending more than 4 h a day during 
weekdays, 1 to less than 2 h or more than 4 h a day at weekends, was also 
associated with higher odds of DSS. These associations were indepen-
dent of leisure-time physical activity and other demographic, socio-
economic, sleep and dietary patterns, and physical health-related 
characteristics, which may influence DSS among patients with diabetes. 

Our findings accord with the results of a cross-sectional study which 
assessed factors associated with prevalence of DSS among 118 Austra-
lian adults with diabetes and reported that increase in time spent on 
SBSB by 1-hour a day was associated with a relatively small increase in 
DSS score by 0.11 (95% CI 0.07, 0.16) [18]. Our findings are consistent 
also with systematic reviews of cross-sectional and cohort studies 

Table 1 
Sample characteristics.  

Variable Frequency (%)c 

Age (Years)a 51.6 (11.8) 
Gender  
Female 

Male 
1418 (59.4) 
968 (40.6) 

Smoking  
No 

Yes 
Ex-smoker 

1770 (74.2) 
289 (12.1) 
327 (13.7) 

Education level  
Low 

Medium 
High 

957 (40.1) 
649 (27.2) 
780 (32.7) 

Monthly income (Qatari Riyal)  
<10,000 

10,000–20,000 
20,001–50,000 
>50,000 

646 (27.1) 
511 (21.4) 
699 (29.3) 
530 (22.2) 

Employment status  
Employed 

Retired 
Other 

1144 (48.0) 
443 (18.6) 
799 (33.5) 

BMI (kg/m2)a 32.1 (6.0) 
BMI categoryb  

Normal 
Overweight 
Obese 

204 (8.6) 
731 (30.6) 
1451 (60.8) 

Treatment for diabetes  
Diet 

Tablets 
Insulin 
Tablets and Insulin 

474 (19.9) 
1310 (54.9) 
248 (10.4) 
354 (14.8) 

Diabetes duration  
≤10 years 
>10 years 
Do not know 

930 (39.0) 
883 (37.0) 
573 (24.0) 

HbA1C%a 7.4 (1.8) 
Diagnosed with high blood cholesterol  
No 

Yes 
894 (37.5) 
1492 (62.5) 

Diagnosed with high blood pressure  
No 

Yes 
1373 (57.5) 
1013 (42.5) 

Depression symptoms severity  
Minimal 

Mild 
Moderate 
Moderately severe 
Severe 

1389 (58.2) 
631 (26.5) 
257 (10.8) 
68 (2.9) 
41 (1.7) 

Number of sleep hours per day  
<5 

5-<7 
7-<8 
≥8 

395 (16.6) 
1158 (48.5) 
603 (25.3) 
230 (9.6) 

Number of naps per day  
Never/rarely 

Sometimes 
Frequently 
Always 

465 (19.5) 
1006 (42.2) 
463 (19.4) 
452 (18.9) 

Diet modifications during last year  
No 

Yes 
1451 (60.8) 
935 (39.2) 

Fast food consumption per week  
Never/rarely 

Once 
Twice 
3–5 times 
Almost every day/every day 

1121 (47.0) 
547 (22.9) 
466 (19.5) 
192 (8.1) 
59 (2.5) 

Snacks consumption between meals per week  
Never/rarely 

Once or twice 
3–5 
6–7 
>7 

575 (24.1) 
614 (25.7) 
490 (20.5) 
389 (16.3) 
318 (13.3) 

Leisure-time physical activity (MET min/week)a 883.5 (2297.1) 

(continued on next page) 
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demonstrating that increase in time spent on SBSB is associated with 
higher risk of depression in the general population [15,16]. For 
example, a cross-sectional study among Chinese adults reported that 
computer use for 3 or more hours a day at weekends was associated with 
increased odds of DSS by 1.33 (95% CI 1.05, 1.68) [32]. Another 
cross-sectional study among US adults found that individuals spending 
more than 6 h a day watching TV and using computers had higher odds 
of moderate to severe depression symptoms by 2.3 (95% CI 1.60–3.44) 
[33]. 

The exact mechanisms underlying the relationship between time 
spent on SBSB and DSS independent of sleep duration, leisure-time 

physical activity and other important characteristics among in-
dividuals with type 2 diabetes are unknown. However, several factors 
have been hypothesized to influence or mediate this relationship. Direct 
social withdrawal or isolation due to increased time spent on SBSB has 
been linked to DSS [34]. SBSB was found to be associated with low sleep 
quality and sleep disturbances, which in turn can increase susceptibility 
to depression [35,36]. Moreover, there is some evidence that the rela-
tionship between SBSB and DSS is mediated through exposure to screen 
time content involving upward social comparisons [37]. Upward social 
comparisons refer to the tendency of comparing oneself with others of 
more positive social characteristics, which has been linked to low 
self-esteem [38]. In addition, exposure to radiofrequency electromag-
netic fields associated with screen-based equipment was found to be 
associated with increased risk of depression [39]. 

The findings of the present study highlight the need for more lon-
gitudinal and qualitative research to identify exact factors influencing 
and mediating the relationship between SBSB and DSS among people 
with diabetes, including identifying specific SBSB duration and content 
that are detrimental for mental health. This information has important 
clinical implications for increasing awareness among clinicians and 
patients about the negative impact of prolonged time spent on SBSB on 
mental health. Moreover, such information is needed for testing in-
terventions and providing clinical guidance on appropriate strategies to 

Table 1 (continued ) 

Variable Frequency (%)c 

Job involves working during the night  
No/not applicable 

2 nights or less/month 
3 nights or more/month 

1978 (82.9) 
128 (5.4) 
280 (11.7)  

a mean (SD); 
b two individuals had a BMI < 18.5 and were included in the normal range 

category; 
c some reported percentages may not add up to 100% due to rounding; HbA1c 

%; Hemoglobin A1c%., BMI, Body Mass Index; MET, Metabolic equivalent. 

Table 2 
The relationship between daily time spent on screen-based sedentary behavior and depression symptoms severity.   

Depression symptoms severity Crude association Adjusted association 

Variable Minimal N 
(%) 

Mild N 
(%) 

Moderate N 
(%) 

Moderately 
severe N (%) 

Severe N 
(%) 

OR (95% 
CI) 

p- 
value 

OR (95% 
CI)a 

p- 
value 

Number of hours spent sitting per day 
watching TV, DVD, tablet, and phone 
during weekdays        

Ref   

< 1 
1 to ≤ 2 
2–4 
> 4 

399 (28.7) 
413 (29.7) 
305 (22.0) 
272 (19.6) 

146 
(23.1) 
163 
(25.8) 
194 
(30.7) 
128 
(20.3) 

55 (21.4) 
65 (25.3) 
77 (30.0) 
60 (23.4) 

12 (17.7) 
10 (14.7) 
18 (26.5) 
28 (41.2) 

11 (26.8) 
10 (24.4) 
6 (14.6) 
14 (34.2) 

Ref 
1.06 (0.85, 
1.32) 
1.63 (1.31, 
2.03) 
1.60 (1.27, 
2.02) 

0.613 
<

0.001 
<

0.001 

1.00 (0.79, 
1.27) 
1.44 (1.13, 
1.83) 
1.52 (1.17, 
1.96) 

0.989 
0.003 
0.001 

Number of hours spent sitting per day 
watching TV, DVD, tablet, and phone 
during weekends          

< 1 
1 to ≤ 2 
2–4 
> 4 

506 (36.4) 
364 (26.2) 
278 (20.0) 
241 (17.4) 

176 
(27.9) 
149 
(23.6) 
174 
(27.6) 
132 
(20.9) 

68 (26.5) 
65 (25.3) 
60 (23.4) 
64 (24.9) 

12 (17.7) 
11 (16.2) 
19 (27.9) 
26 (38.2) 

20 (48.8) 
3 (7.32) 
6 (14.6) 
12 (29.3) 

Ref 
1.12 (0.90, 
1.39) 
1.59 (1.29, 
1.98) 
1.83 (1.46 
– 2.29) 

0.311 
<

0.001 
<

0.001 

Ref 
1.06 (0.84, 
1.33) 
1.39 (1.10, 
1.75) 
1.59 (1.24, 
2.02) 

0.630 
0.006 
<

0.001 

Number of hours spent sitting per day using 
computer during weekdays          

<1 
1 to ≤2 
2–4 
>4 

1154 
(83.0) 
96 (6.9) 
89 (6.4) 
50 (3.6) 

460 
(72.9) 
64 
(10.1) 
55 (8.7) 
52 (8.2) 

166 (64.6) 
22 (8.6) 
29 (11.3) 
40 (15.6) 

37 (54.4) 
7 (10.3) 
11 (16.2) 
13 (19.1) 

26 (63.4) 
2 (4.9) 
7 (17.1) 
6 (14.6) 

Ref 
1.57 (1.19, 
2.08) 
2.07 (1.56, 
2.75) 
3.83 (2.85, 
5.16) 

0.002 
<

0.001 
<

0.001 

Ref 
1.34 (0.98, 
1.84) 
1.34 (0.97, 
1.84) 
2.15 (1.56, 
2.96) 

0.070 
0.076 
<

0.001 

Number of hours spent sitting per day using 
computer during weekends          

<1 
1 to ≤2 
2–4 
>4 

1204 
(86.7) 
74 (5.3) 
72 (5.2) 
39 (2.8) 

493 
(78.1) 
58 (9.2) 
37 (5.9) 
43 (6.8) 

176 (68.5) 
32 (12.5) 
21 (8.2) 
28 (10.9) 

42 (61.8) 
6 (8.8) 
9 (13.2) 
11 (16.2) 

28 (68.3) 
5 (12.2) 
3 (7.3) 
5 (12.2) 

Ref 
2.20 (1.65, 
2.93) 
1.73 (1.25, 
2.40) 
3.65 (2.62, 
5.07) 

<

0.001 
0.001 
<

0.001 

Ref 
1.77 (1.30, 
2.42) 
1.26 (0.88, 
1.82) 
2.36 (1.67, 
3.36) 

<

0.001 
0.210 
<

0.001  

a Adjusted for age, gender, smoking, education level, monthly income, employment status, Body Mass Index category, treatment type for diabetes, diabetes duration, 
HbA1C%, high blood cholesterol diagnosis, high blood pressure diagnosis, sleep hours per day, naps frequency per day, diet modification status, fast food consumption, 
snacks consumption, leisure-time physical activity, and working during the night. N, frequency; OR, odds ratio; CI, confidence interval. 
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prevent or lessen the negative impact of SBSB on mental health. 
The present study has a few strengths. First, our study included a 

large national sample of patients with type 2 diabetes. Second, the 
observed association between time spent on SBSB and DSS was inde-
pendent of a relatively large number of variables which may influence 
DSS among patients with type 2 diabetes, such as leisure-time physical 
activity, sleep patterns and duration, physical health-related charac-
teristics, and demographic and socioeconomic characteristics. 

Our study also has some limitations that should be considered when 
interpreting the findings. First, this was a cross-sectional study, and 
therefore, the direction of observed association between time spent on 
SBSB and DSS remains unclear because time spent on SBSB could be 
caused by DSS. For example, individuals with mental health conditions 
such as depression and anxiety were more likely to spend more time on 
SBSB than controls without mental health conditions [17,40]. However, 
the findings of the current study are consistent with the findings of 
cohort studies demonstrating a relationship between SBSB and DSS in 
the general population [16]. Second, time spent on SBSB was 
self-reported by participants, which is subject recall and measurement 
bias. Third, DSS was measured using the PHQ-9, which may be associ-
ated with misclassification errors in DSS compared diagnostic structured 
clinical interviews, which are considered the gold standard for diagnosis 
of mental health conditions [41]. However, the magnitude and direction 
of the mentioned potential biases on the observed association between 
SBSB and DSS remains unknow. Fourth, the secondary data used in this 
study did not include information on history of depression diagnosis or 
current treatment for depression, which may underestimate the 
observed association between SBSB and DSS. 

5. Conclusion 

In sum, increase in time spent on screen-based sedentary behavior is 
associated with increased depression symptoms severity among in-
dividuals with type 2 diabetes regardless of the type of equipment or 
time of the week. This association is independent of leisure-time phys-
ical activity and other demographic, socioeconomic, sleep and dietary 
patterns, and physical health-related characteristics. Further longitudi-
nal and qualitative research is needed to confirm the observed associa-
tion and identify exact factors underlying and mediating this 
association. 
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