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Abstract

Background: Recent evidence shows that sedentary behaviour may be an independent risk factor for
cardiovascular diseases, diabetes, cancers and all-cause mortality. However, results are not consistent and different
types of sedentary behaviour might have different effects on health. Thus the aim of this study was to evaluate the
association between television screen time, computer/reading time and cardio-metabolic biomarkers in a
multiethnic urban Asian population. We also sought to understand the potential mediators of this association.

Methods: The Singapore Prospective Study Program (2004–2007), was a cross-sectional population-based study in
a multiethnic population in Singapore. We studied 3305 Singaporean adults of Chinese, Malay and Indian ethnicity
who did not have pre-existing diseases and conditions that could affect their physical activity. Multiple linear
regression analysis was used to assess the association of television screen time and computer/reading time with
cardio-metabolic biomarkers [blood pressure, lipids, glucose, adiponectin, C reactive protein and homeostasis model
assessment of insulin resistance (HOMA-IR)]. Path analysis was used to examine the role of mediators of the
observed association.

Results: Longer television screen time was significantly associated with higher systolic blood pressure, total
cholesterol, triglycerides, C reactive protein, HOMA-IR, and lower adiponectin after adjustment for potential
socio-demographic and lifestyle confounders. Dietary factors and body mass index, but not physical activity, were
potential mediators that explained most of these associations between television screen time and cardio-metabolic
biomarkers. The associations of television screen time with triglycerides and HOMA-IR were only partly explained by
dietary factors and body mass index. No association was observed between computer/ reading time and worse levels
of cardio-metabolic biomarkers.

Conclusions: In this urban Asian population, television screen time was associated with worse levels of various
cardio-metabolic risk factors. This may reflect detrimental effects of television screen time on dietary habits rather
than replacement of physical activity.
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Background
The prevalence of diabetes mellitus is rising globally with
an expected 552 million cases of diabetes worldwide by
2030 of which more than 60% are from Asia [1]. The
benefits of regular physical activity for the prevention
and treatment of type 2 diabetes are well established [2].
Recently, evidence has been emerging that sedentary
behaviour has adverse effect on health independent of
physical activity [3-5].
Television (TV) viewing time has been used as a meas-

ure of sedentary behaviour and several studies have
shown an association between TV viewing time and car-
diovascular risk factors, the metabolic syndrome, and
type 2 diabetes [6-11].
However results have not been entirely consistent with

other studies, that did not find an association between
TV viewing time and cardiovascular risk factors [12,13].
In addition, most previous studies that evaluated whether
the association for TV viewing was independent of phys-
ical activity adjusted only for leisure time physical activ-
ity, but did not consider non-leisure physical activity
[6-11]. Furthermore, it is possible that TV viewing, as
an epidemiologic construct, comprises more than sed-
entary behaviour [14,15]. For example, food and bever-
age consumption during TV viewing and exposure to
food commercials may lead to worse dietary habits. Few
studies have evaluated whether dietary intakes may
mediate effects of TV viewing on cardio-metabolic risk
factors [10,11,16].
Hence, the aim of our study was to examine the associ-

ation of TV screen time with cardio-metabolic biomarkers
in an Asian population considering a wide range of
potential confounders and mediators including total
physical activity, dietary factors and body mass index
(BMI). We also examined associations between computer/
reading time and cardio-metabolic biomarkers to evaluate
whether TV screen time may have unique effects.

Methods
The Singapore Prospective Study Program, conducted
between 2004 and 2007, was a population-based study in
a multiethnic population (Chinese, Malay and Indian) in
Singapore. The participants in this study took part in
four previous population-based cross-sectional surveys
carried out between 1982 and 1998 in Singapore. Detailed
descriptions of these studies have been previously published
[17]. Briefly, these previous surveys were all conducted in a
random sample of individuals from the Singapore popula-
tion, with disproportionate sampling stratified by ethnicity
to increase the numbers for ethnic minority groups (Malays
and Asian Indians). Participants who were deceased at time
of follow-up (through data-linkage with the Registry of
Births and Deaths) (n= 559), who had emigrated (n=6) or
who had an error in their identity card number (n=102)
could not be included in the follow-up. Three home
visits on three different occasions including one week-
end and weekday were made before a participant was
deemed non-contactable. 2306 participants were regarded
as non-contactable. Hence, 7774 participants remained
from a total of 10747 participants from the four surveys.
Of the remaining participants, thirty (0.3%) refused to
participate in the follow-up assessments. Thus a total of
7744 participants, mean age of 49.7 years old (age ranged
from 24.4 to 94.8 years old), participated in the study.
A questionnaire was administered by trained staff at

the participant’s home. Questionnaires were in English
and when needed interviewers provided additional explan-
ation in Chinese, Malay or Tamil. All the interviewed
participants were subsequently invited to attend a health
examination for additional tests and collection of blood
samples shortly after the home visit. A total of 7,744
(76.8% response rate) were interviewed, of which 5,163
(66.7% response rate, or 51.3% of total eligible participants)
participants attended the health examination. Ethics ap-
proval was obtained from the Institutional Review Boards
of National University of Singapore and Singapore General
Hospital. Informed consent was obtained from all partici-
pants before conduct of study.

Assessment of TV screen time, computer time and
reading time
TV screen time was assessed by asking participants “Cur-
rently how many hours per day do you spend watching
television or playing computer/handheld video games on
the television screen?” Computer and reading time were
assessed by the following questions; 1) “currently how
many hours per day do you spend using the computer?”
and 2) “Currently, how many hours per day do you read
and write?”

Assessment of risk factors
For health examination, participants were examined fol-
lowing a 10-hour overnight fast. Venous blood was drawn
and collected in plain and fluoride oxalate tubes and
stored at 4°C for a maximum of 4 hours prior to process-
ing. All biochemical analyses on blood were carried out
at the National University Hospital Referral Laboratory,
which is accredited by the College of American Patholo-
gists. Serum total cholesterol (TC), triglyceride (TG), and
high density lipoprotein cholesterol (HDL-C) were mea-
sured using an automated autoanalyzer (ADVIA 2400,
Bayer Diagnostics). Low density lipoprotein cholesterol
(LDL-C) levels were calculated using the Friedewald
formula. Fasting plasma glucose (FPG) was also assayed
using enzymatic methods (ADVIA 2400, Bayer Diagnos-
tics) using blood collected in fluoride oxalate tubes.
High sensitivity-C-reactive protein (hs-CRP) was mea-
sured using immunoturbidimetric assay (Roche Integra
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400). Insulin was assayed by microparticle enzyme
immunoassay using the Bayer ADVIA Centaur chemilu-
minescent assay. Insulin resistance was assessed by homeo-
stasis model assessment [Insulin resistance, HOMA-IR=
(fasting insulin x fasting glucose)/22.5]. Fasting serum
adiponectin were determined using a sandwich enzyme-
linked immunosorbent assay using an antibody specific
for all multimeric forms of human adiponectin (Daiichi
Pure Chemicals, Japan).
The range of intra and inter-day coefficient of variation

were TC (0.80-1.57% and 0.93-1.15%), TG (0–3.85% and
1.27-3.40%), HDL-C (0.56-0.65% and 1.18-2.00%), FPG
(0–0.93% and 1.68-1.83%), hs-CRP (0.60–1.30 and 2.30–
3.10%), insulin (2.40-4.00% and 3.85-6.29%), adiponectin
(18.09% and 15.94%) and high molecular weight (HMW)
adiponectin (6.79% and 18.35%) respectively.
Two readings of blood pressure were taken from par-

ticipants after five minutes rest using an automated
blood pressure monitor (Dinamap Pro100V2; Criticon,
Norderstedt, Germany). A third reading was performed
if difference between two readings of systolic blood
pressure was greater than 10 mmHg or diastolic blood
pressure was greater than 5 mmHg. Mean values of the
closest two readings were calculated. The inter- and
intra-observer coefficients of variation for systolic blood
pressure were ranged from 0.51 to 10.20% and 0 to
2.50% whilst it was 0.41 to 7.50% and 0 to 2.50% for
diastolic blood pressure.

Assessment of covariates
Height was measured without shoes using a wall-mounted
stadiometer. Weight was measured in light clothing using
the same digital scale (SECA, model 782 2321009; Vogel&
Halke, Germany) for all participants. Participants were
instructed to remove any objects such as keys and mobile
phones before measurement. BMI was obtained by divid-
ing weight (kg) by the square of height (m).
Demographic, physical activity, dietary intake, medical

history and other lifestyle factors were assessed by an
interviewer-administered questionnaire. Dietary intake
was assessed by a semi-quantitative 169-item validated
food frequency questionnaire that is also used in the
National Nutrition Surveys [18] and physical activity
was assessed by a validated Singapore prospective study
physical activity questionnaire which covered transpor-
tation, leisure time, occupation and household activities
[19]. The detail method of assessing physical activity
was described elsewhere [19,20]. Briefly, the participants
reported the type, frequency and duration of various
activities in the transportation, occupation, leisure time,
and household domain. Transportation activities included
walking and cycling and occupational activity included
light, moderate and vigorous occupational activity. Leisure
time activities included 48 specific activities, household
activities included 15 specific activities and also asked
about possible other activities for these two domains by
open-ended questions. A metabolic equivalent of task
(MET) value was assigned to each type of reported ac-
tivity according to the compendium by Ainsworth et al.
[21]. Then physical activity level per week for each ac-
tivity was calculated as frequency per week x duration
in hours per day x intensity (METs). For example, if a
participant reported bowling activity for 60 minutes per
day for 3 days a week, then the participant’s physical
activity level for this bowling activity was calculated as
3 days x 1 hour x 3 METs, resulting in 9 MET-hours/week.
Total physical activity was calculated as the sum of MET-
hours/week spend on all activities. Light intensity was
defined as 1.6 to 2.9 METs, moderate intensity was
defined as 3.0 to 6.0 METs and vigorous intensity was
defined as more than 6.0 METs [21,22]. Time spent
on light, moderate, and vigorous activity was derived
from the sum of time spent on all activities at that level
from all domains.

Statistical analysis
From the 5163 participants who attended the health
examination, we excluded participants with known dia-
betes (N=813), known hypertension (N=1742), cardiovas-
cular disease (N=399), self-reported angina (N=236) and
cancer (N=75) to avoid potential reverse causation. In
addition, we also excluded individuals who were pregnant
(N=2), had invalid food frequency data (N=413), those
who reported ethnicity other than Chinese, Malay or
Indian (N=3) and missing other exposure variables
(N=196). For analysis of lipids, glucose, hs-CRP, adiponectin
and HOMA-IR, we excluded participants on lipid low-
ering medication (N=955). The participants might be
excluded for one or more reasons. A total of 1835
participants were excluded for the outcome of systolic
and diastolic blood pressure and 1956 participants were
excluded for the other outcomes. Hence, there are 3305
participants, mean age of 47.1 years old (age ranged from
24.4 to 94.8 years old), included in the analysis for blood
pressure and 3184 for the other outcomes (mean age of
46.7 years old, age ranged from 24.4 to 94.8 years old) .
HDL-c, FPG, TG, hs-CRP, HMW and total adiponectin,

and HOMA-IR were log-transformed to achieve a normal
distribution. The energy percentage of carbohydrate and
protein were calculated as the calories from carbohydrate/
protein divided by total calories intake. For Table 1, we
calculated means and standard deviations for continuous
variables and proportions for categorical variables in each
category of TV screen time. The P value for trend for the
association between TV screen time and age was assessed
by linear regression and the P values for trend between
TV screen time and categorical variables was assessed by
the Cochran-Mantel-Haenszel statistic. In Table 2, the



Table 1 Characteristics of the study population by TV screen time in 3305 Singaporeans

TV screen time (hours/day)

<1 1- 1.99 2-2.99 >=3 p for trend

N (%) 488 (14.77) 1031 (31.20) 977 (29.56) 809 (24.48)

Age, years (mean±SD) 47.06 ± 10.62 46.20 ± 10.44 46.67 ± 10.43 48.58 ± 11.48 <0.0001

Sex (N, %)

Male 242 (49.59) 503 (48.79) 450 (46.06) 328 (40.54) 0.0002

Female 246 (50.41) 528 (51.21) 527 (53.94) 481 (59.46)

Ethnicity (N, %)

Chinese 356 (72.95) 719 (69.74) 666 (68.17) 546 (67.49) 0.22

Malay 60 (12.30) 175 (16.97) 184 (18.83) 150 (18.54)

Indian 72 (14.75) 137 (13.29) 127 (13.00) 113 (13.97)

Highest level of education (N, %)

None/ primary 105 (21.56) 175 (16.97) 195 (19.96) 235 (29.05) <0.0001

Secondary 170 (34.91) 402 (38.99) 390 (39.92) 341 (42.15)

Vocational training 87 (17.86) 241 (23.38) 237 (24.26) 155 (19.16)

University 125 (25.67) 213 (20.66) 155 (15.86) 78 (9.64)

Current Employment status (N, %)

Yes 389 (79.71) 848 (82.25) 761(77.89) 484 (59.83) <0.0001

No 99 (20.29) 183 (17.75) 216 (22.11) 325 (40.17)

Cigarette smoking (N, %)

Never smoker 387 (79.30) 830 (80.50) 757 (77.48) 640 (79.11) 0.96

Current smoker 59 (12.09) 128 (12.42) 129 (13.20) 122 (15.08)

Ex-smoker 42 (8.61) 73 (7.08) 91 (9.31) 47 (5.81)

Current alcohol consumption (N, %) 81 (16.60) 173 (16.78) 190 (19.45) 139 (17.18) 0.49

Table 2 Pearson's partial correlation coefficient between
TV screen time and lifestyle factors

TV screen time
(hours/day)

Body Mass Index (kg/m2) 0.085‡

Total calorie intake (kcal/d) 0.090‡

Cholesterol intake (mg per 1000 kcal) 0.070†

Fibre intake (g per 1000 kcal) −0.082‡

Carbohydrate intake (energy %) −0.092‡

Protein intake (energy %) 0.017

Polyunsaturated: saturated ratio of fat −0.012

Physical activity

Total physical activity (MET-hours/week) −0.012

Light physical activity (MET-hours/week) −0.003

Moderate physical activity (MET-hours/week) −0.011

Vigorous physical activity (MET-hours/week) −0.006

Partial correlation adjusted for age, ethnicity, sex and education

†p value ≤ 0.01,‡p value ≤ 0.0001

None of the correlations had a P value >0.01 and <= 0.05
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Pearson’s partial correlation coefficients between potential
mediators and TV screen time (truncated at 4 standard
deviation i.e. TV screen time greater than the mean plus
4 times the SD was replaced with the value of the mean
plus 4 times the 4SD. There were no values lower than
the mean minus 4 times the SD) were calculated, adjusting
for age, sex, ethnicity and education. In Table 3, multiple
linear regression analysis was used to assess the associ-
ation between category of TV screen time and risk factors
with the lowest category as a reference group and the
adjusted means for each category of TV screen time
were presented in the first 4 columns. For the adjusted
means of log transformed outcomes, we back-transformed
(exponentiated) the adjusted means to obtain adjusted
geometric means of the outcomes. To test the overall
association of TV screen time with risk factors, we also
ran multiple linear regression analysis with TV screen
time (truncated at 4 standard deviations) as continuous
exposure variable and cardio-metabolic biomarkers as
outcome variables.
Model 1 was adjusted for age (years), sex, ethnicity

(Chinese, Malay, Indian) and highest level of education



Table 3 Adjusted mean (and 95%CI) of cardio-metabolic biomarkers by TV screen time

TV screen time (hours/day) p for trend

<1 (Reference category) 1- 1.99 2-2.99 >=3

Median of TV screen time 0.5 1 2 3

N (%) 488(14.77) 1031(31.20) 977(29.56) 809(24.48)

Systolic blood pressure (mmHg) Model 1 126.1 126.9 126.6 128.6 0.002

(124.6,127.5) (125.9,127.9) (125.6,127.6) (127.5,129.7)†

Model 2 126.2 127.0 126.6 128.3 0.01

(124.8,127.6) (126.1,128.0) (125.6,127.6) (127.2,129.4)*

Model 3 126.6 127.3 126.5 127.9 0.19

(125.2,127.9) (126.3,128.2) (125.6,127.5) (126.8,129)

Diastolic blood pressure (mmHg) Model 1 76.1 (75.3,76.9) 76.0 (75.5,76.6) 76.1 (75.5,76.6) 76.5 (75.9,77.2) 0.37

Model 2 76.1 (75.3,77.0) 76 .0 (75.4,76.6) 76.0 (75.4,76.6) 76.6 (76.0,77.3) 0.21

Model 3 76.3 (75.5,77.1) 76.2 (75.6,76.7) 75.9 (75.4,76.5) 76.4 (75.8,77.1) 0.86

HDL-c (mmol/L) Model 1 1.42 (1.39,1.45) 1.42 (1.40,1.44) 1.41 (1.39,1.43) 1.39 (1.37,1.41) 0.004

Model 2 1.42 (1.39,1.44) 1.41 (1.40,1.43) 1.41 (1.39,1.43) 1.39 (1.37,1.41) 0.01

Model 3 1.41 (1.38,1.44) 1.41 (1.39,1.43) 1.41 (1.39,1.43) 1.40 (1.38,1.42) 0.14

LDL-c (mmol/L) Model 1 3.18 (3.11, 3.25) 3.22 (3.17, 3.27) 3.27 (3.22, 3.32) 3.31 (3.25, 3.36)† 0.004

Model 2 3.19 (3.12, 3.26) 3.22 (3.17, 3.27) 3.26 (3.21, 3.31) 3.30 (3.24, 3.36)* 0.01

Model 3 3.20 (3.13, 3.27) 3.23 (3.19, 3.28) 3.26 (3.21, 3.31) 3.29 (3.23, 3.34) 0.08

Cholesterol (mmol/L) Model 1 5.19 (5.11, 5.27) 5.23 (5.18, 5.29) 5.28 (5.23, 5.34) 5.34 (5.28, 5.40)† 0.002

Model 2 5.19 (5.11, 5.27) 5.24 (5.18, 5.29) 5.28 (5.23, 5.34) 5.33 (5.27, 5.40)† 0.008

Model 3 5.20 (5.12, 5.28) 5.25 (5.19, 5.30) 5.28 (5.22, 5.33) 5.32 (5.25, 5.38)* 0.06

Fasting plasma glucose (mmol/L) Model 1 4.76 (4.69, 4.82) 4.76 (4.72, 4.81) 4.80 (4.75, 4.85) 4.80 (4.75, 4.85) 0.10

Model 2 4.76 (4.69, 4.82) 4.76 (4.72, 4.81) 4.80 (4.75, 4.85) 4.80 (4.75, 4.85) 0.08

Model 3 4.77 (4.71, 4.83) 4.77 (4.73, 4.82) 4.80 (4.75, 4.84) 4.78 (4.73, 4.83) 0.43

Triglycerides (mmol/L) Model 1 1.05 (1.00, 1.09) 1.07 (1.04, 1.10) 1.09 (1.06, 1.13) 1.15 (1.11, 1.19)† <0.0001

Model 2 1.05 (1.01, 1.10) 1.08 (1.04, 1.11) 1.09 (1.06, 1.13) 1.14 (1.11, 1.18)† <0.0001

Model 3 1.07 (1.02, 1.11) 1.09 (1.06, 1.12) 1.09 (1.05, 1.12) 1.12 (1.09, 1.16) 0.04

hsCRP(mg/L) Model 1 0.94 (0.85, 1.04) 1.03 (0.96, 1.10) 1.04 (0.96, 1.11) 1.20 (1.11, 1.30)‡ <0.0001

Model 2 0.94 (0.85, 1.04) 1.03 (0.96, 1.11) 1.03 (0.96, 1.11) 1.20 (1.11, 1.30)‡ <0.0001

Model 3 0.99 (0.90, 1.08) 1.07 (1.00, 1.14) 1.02 (0.95, 1.09) 1.13 (1.05, 1.21)* 0.10

High-molecular weight adiponectin (μg/mL) Model 1 1.18 (1.10, 1.26) 1.13 (1.08, 1.18) 1.10 (1.05, 1.15) 1.08 (1.02, 1.14)* 0.048

Model 2 1.17 (1.10, 1.25) 1.12 (1.07, 1.18) 1.10 (1.05,1.16) 1.09 (1.03, 1.15) 0.10

Model 3 1.15 (1.07, 1.22) 1.10 (1.06, 1.16) 1.11 (1.06, 1.16) 1.12 (1.06, 1.18) 0.89

Total adiponectin (μg/mL) Model 1 3.58 (3.42, 3.75) 3.38 (3.27, 3.48)* 3.32 (3.21,3.42)† 3.30 (3.18, 3.42)† 0.01

Model 2 3.57 (3.41, 3.73) 3.37(3.27, 3.48)* 3.32 (3.22, 3.43)* 3.31 (3.19, 3.43)† 0.03

Model 3 3.51 (3.36, 3.66) 3.33 (3.23, 3.43)* 3.34 (3.24, 3.44) 3.37 (3.26, 3.49) 0.52

HOMA-IR Model 1 1.17 (1.10, 1.24) 1.23 (1.18, 1.28) 1.26 (1.21, 1.31)* 1.38 (1.32, 1.44)‡ <0.0001

Model 2 1.17 (1.11, 1.24) 1.23 (1.18, 1.28) 1.26 (1.21, 1.31)* 1.37 (1.31, 1.44)‡ <0.0001

Model 3 1.21 (1.15, 1.27) 1.26 (1.22, 1.31) 1.25 (1.20, 1.29) 1.32 (1.27, 1.38)† 0.047

Model 1: Adjusted for age, sex, ethnicity, education.
Model 2: Model 1 further adjusted for reading time, computer time, employment status, smoking, alcohol, parental history of diabetes, parental history of hypertension.
Model 3: Model 2 further adjusted for potential mediators including total physical activity, BMI, ratio of polyunsaturated-to-saturated fat intake, and intake of total
energy, fibre, cholesterol, carbohydrate and protein.
HDL-c, fasting plasma glucose, triglycerides, hsCRP, high-molecular weight adiponectin, total adiponectin,and HOMA-IR were log transformed and the adjusted
means were back transformed.
* p value ≤ 0.05, †p value ≤ 0.01,‡p value ≤ 0.0001.
p for trend: p value of linear regression for association of TV screen time (as a continuous variable) and outcome variables.
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(None/primary, secondary, vocational training, university).
Model 2 was further adjusted for reading time (hours/
week), computer time (hours/week), employment status
(currently employed or not), cigarette smoking (never
smoker, current smoker and ex-smoker), alcohol con-
sumption (consumed alcohol in the past 3 months, yes/
no), and parental history of diabetes and hypertension
(yes/no). Additional adjustment for BMI (kg/m2), total
physical activity level (MET-hours per week) and dietary
factors including the ratio of polyunsaturated to satu-
rated fat intake, total calorie intake (kcal/day), choles-
terol intake (mg/1000 kcal), fibre intake (g/1000 kcal),
and energy percentage of carbohydrate and protein was
done in model 3 to understand the possible role of
these factors in mediating the relationship between TV
screen time and cardio-metabolic biomarkers. Similar
analysis as presented for Table 2 and Table 3 for TV
screen time were also done to assess the association of
computer/reading time with cardio-metabolic biomarkers
(Additional file 1 and Additional file 2).
For Figure 1, path analysis was used to further exam-

ine the role of mediators in the association between TV
screen time and HOMA-IR. Path analysis is an extension
of multiple regression analysis that can simultaneously
assess the strength and direction of the interrelationships
0.08

0.08

-0.08 -0.14

0.03

0.0

Fib

Total calorie intake 

TV screen time

Figure 1 Contribution of potential mediators to the association of TV
labelled on each path. The dotted arrows represent non-significant paths. C
activity are not shown.
among exposures, potential mediators and outcomes [21].
The path model was constructed based on previous
research findings for the directions of the studied ef-
fects. It was modified by removing non-significant paths
(p values > 0.05) and path analysis was performed again
based on the reduced model. Results of the path analysis
are presented as standardized path coefficients, indicat-
ing the difference in outcome variables (in standard devi-
ation units) for a one standard deviation increment in
exposure variables. The fit of the model was evaluated
by fit statistics; normed fit index (NFI), comparative fit
index (CFI) and root mean square error of approxima-
tion (RMSEA). Indirect effect was calculated by multi-
plying the coefficients of the paths involved. IBM SPSS
Amos 19 (SPSS Inc, Chicago, Illinois) was used to
conduct path analysis and STATA 11 (STATA Corp,
College station, Texas) was used to run all the other
analyses.
For Figure 2, 16 categories of TV screen time-vigorous

activity were derived reflecting all combinations of 4
categories of TV screen time and 4 categories of vigorous
activity. Multiple linear regressions was performed to
assess the association between combinations of TV
screen time and vigorous activity in relation to HOMA-
IR with having little TV screen time (<1hour/day) and
-0.05

0.51

5

er 

BMI

HOMA-IR

screen time and HOMA-IR. Standardized path coefficients are
ovariates including age, sex, ethnicity, education and total physical



Figure 2 Adjusted mean of the HOMA -IR by categories of TV screen time and vigorous activity. Estimates were adjusted for age, sex,
ethnicity, education, reading time, computer time, employment status, cigarette smoking, alcohol use, and parental history of diabetes and
hypertension. As compared with the category with the least TV screen time (<1 hour/day) and the largest amount of vigorous activity (>5.25
MET-hours/week) all categories had significantly higher HOMA-IR values (P<0.05) except the category of having TV screen time <1 hour/day and
vigorous activity ≤3.5 MET-hours/week, the category of having TV screen time <1 hour/day and vigorous activity >3.5-≤5.25 MET-hours/week,
and the category of having TV screen time 1–1.99 hours/day and vigorous activity>5.25 MET-hours/week.
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high vigorous activity (>5.25 MET-hours/week) as the
reference category.
Interaction between TV screen time and vigorous ac-

tivity was tested by including a multiplicative interaction
term in a multivariable regression model (adjusting for
the same confounders as for Figure 2).
Results
Table 1 shows characteristics of the participants according
to TV screen time. Participants who were older, female,
had a lower education level, or were unemployed were
more likely to have longer TV screen time. Ethnicity,
cigarette smoking and alcohol drinking were not signifi-
cantly associated with TV screen time.
Table 2 shows partial correlations between TV screen

time and potential mediators of its adverse health effects,
adjusted for age, sex, ethnicity and education. TV screen
time was associated with higher BMI, total calorie in-
take, and cholesterol intake and with lower fibre and
carbohydrate intake. No significant correlations were
found between TV screen time and protein intake, the
polyunsaturated-to-saturated fat ratio, and total, light,
moderate and vigorous physical activity.
Table 3 shows the association between TV screen time

and cardio-metabolic biomarkers. There were significant
associations between TV screen time and several bio-
markers. In the model that was only adjusted for socio-
demographic variables (model 1), TV screen time was
associated with significantly higher systolic blood pressure
(SBP), LDL-cholesterol, total cholesterol, triglycerides,
hs-CRP, HOMA-IR, and lower total and high-molecular
weight adiponectin levels. These associations did not
substantially change after additional adjustment for other
sedentary behaviours and potential confounders (which
included reading time, computer time, employment status,
smoking, alcohol, parental history of diabetes, parental
history of hypertension), except the association with
high-molecular weight adiponectin levels which became
insignificant (model 2).
We next considered variables that could be mediators

of the association between TV screen time and cardio-
metabolic biomarkers. These were body mass index,
total physical activity, total calorie intake, fibre intake,
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cholesterol intake, polyunsaturated to saturated fat ratio
of diet, percentage of energy from carbohydrate and
protein. When these variables were included in model 3,
associations were attenuated, but remained statistically
significant for triglycerides and HOMA-IR.
Similar analyses were carried out for other sedentary

activities, namely time spent on reading or working on a
computer (see Additional files 1 and 2). Additional file 1
shows the Pearson’s partial correlation between computer/
reading time and potential mediators, adjusted for age,
sex, ethnicity and education. Computer/reading time was
associated with lower total, light and moderate physical
activity. Although participants generally spent much more
time on reading or using a computer than TV, none of the
statistically significant associations with cardio-metabolic
biomarkers that we observed for TV screen time were
observed for computer/reading time (Additional file 2).
In contrast, more computer/reading time was associated
with lower diastolic blood pressure after adjustment for
potential confounders and mediators (model 3).
Because BMI, diet, and physical activity appeared to

be important mediators of the association between TV
screen time and cardio-metabolic risk factors, we carried
out path analysis to better clarify the roles of specific
mediators that may be involved. This is shown in
Figure 1 for the association between TV screen time
and HOMA-IR. The fit statistics suggested that the
model had a good fit (NFI: 0.99, CFI: 0.99, RMSEA:
0.05). TV screen time may have a direct (independent)
effect on HOMA-IR as well as indirect effects acting
through BMI and fibre intake. Of the association between
TV screen time and HOMA-IR, 41.3% was direct, 52.0%
was accounted for by BMI and 5.3% was accounted for
by lower fibre intake. Other mediators including phys-
ical activity (total physical activity or light, moderate
and vigorous activity separately) did not substantially
contribute to the association between TV screen time
and HOMA-IR. Adjustment for physical activity also
did not appreciably change the association between TV
screen time and other cardio-metabolic biomarkers
(data not shown).
Figure 2 shows the joint effect of TV screen time and

vigorous activity in relation to HOMA-IR after multi-
variable adjustment for the same potential confounders
as in model 2 in Table 3. Participants with no vigorous
activity and who had TV screen time for 3 hours or
more per day had the highest mean HOMA-IR score
(1.43; 95% CI 1.35-1.53), whereas those with the highest
vigorous activity (>5.25 MET-hours/week) and the least
TV screen time (<1hr/day) had the lowest adjusted
HOMA-IR (0.98; 95% CI 0.85-1.14).
Associations for TV screen time and vigorous activity

appeared to be additive without statistically significant
interaction (p value=0.33).
Conclusions
In this study in an urban Asian population, we found
that TV screen time was associated with several bio-
markers associated with an increased risk of cardiovas-
cular and metabolic disease. Longer TV screen time was
significantly associated with higher systolic blood pressure,
LDL-cholesterol, total cholesterol, triglycerides, hs-CRP,
HOMA-IR and lower HDL and adiponectin even after
adjustment for potential confounders. This is consistent
with the results of several studies conducted in western
populations. In the AusDiab study of Australian adults,
TV viewing time was associated with higher diastolic blood
pressure, triglycerides and fasting insulin in women and
fasting plasma glucose, 2-hr glucose and fasting insu-
lin in men [22]. In the EPIC-Norfolk study of English
adults aged 45–74 years, TV viewing time was associ-
ated with blood pressure, cholesterol, LDL, HDL and
triglycerides [23].
Path analysis suggests that a large part of the association

between TV screen time and cardio-metabolic biomarkers
in our study was mediated through BMI, explaining more
than half of the association between TV screen time and
HOMA-IR. The findings related to obesity are consistent
with data from the Health Survey for England, where it
was reported that 28.6% to 60.3% of the association be-
tween TV time and cardiometabolic risk factors (systolic
and diastolic blood pressure, HDL- cholesterol, total chol-
esterol) was explained by BMI [24]. These may relate to
reduced energy expenditure due to increased TV viewing
time. A randomized controlled trial in adults showed that
restricting TV time for 3 weeks resulted in increased ob-
jectively measured energy expenditure [25]. Altered diet-
ary intake may also contribute to the link between TV
viewing and obesity. In our study, TV screen time was
associated with a higher intake of calories, cholesterol,
and a lower intake of fibre. In contrast, computer/reading
time was not associated with dietary intakes. Studies have
shown that TV viewing time is associated with unhealthy
eating behaviours and obesity [11,26]. In addition to being
associated to greater adiposity, dietary intakes associated
with TV viewing also appeared to act through pathways
that are independent of adiposity. In particular, our results
suggested that lower fibre intake was a mediator of the
association between TV screen time and HOMA-IR.
This is consistent with previously reported associations
between higher fibre intakes and lower insulin resistance
[27,28]. However, based on the data from a cross-sectional
study in isolation we cannot distinguish with certainty
between mediators and confounders. We based our
a priori model assumptions on results from previous
studies [11,26].
Even after taking potential confounders and mediators

into account, statistically significant associations remained
for triglycerides and HOMA-IR. In our study, time spent
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on TV screen was not substantially associated with the
amount of physical activity and TV screen time inde-
pendently contributed to higher HOMA-IR (Figure 2).
Healy et al. [29] also reported that detrimental effects
of TV viewing time on metabolic risk factors (waist
circumference, systolic blood pressure, 2-h plasma glu-
cose fasting plasma glucose, triglycerides, and HDL-C)
was observed even among the participants who met
the physical activity guideline [29] and have suggested
that sedentary activity is not just a marker for reduced
physical activity, but may have some direct effect on
health and should be considered separately from phys-
ical activity. In our study, forms of sedentary activity
other than TV screen time (computer or reading time)
were not associated with worse levels for biomarkers
of cardiovascular and metabolic risk. The same finding
was reported by the study done in Dutch young adults
which found that TV time but not computer time was
associated with cardiometabolic biomarkers [30]. It is
possible that TV use differs from other sedentary ac-
tivities. Energy expenditure during TV viewing might
be lower than during computer use or reading [31].
Furthermore, TV viewing time is associated with other
behavioural risk factors such as dietary intakes [32,33].
In the study done in Australian adults, it was found
that TV viewing more than 3 hours per day was asso-
ciated with abdominal obesity and the association was
partly explained by the food and beverages intake dur-
ing TV viewing time [34].
Our study has several strengths. This was the first large

population-based study in Asian population that studied
the association of TV screen time with metabolic traits.
It was done in a multiethnic population, comprised of
Chinese, Malays and Asian Indians. We had detailed in-
formation on potential mediators and confounders as
well as relevant cardiometabolic risk factors. Limitations
of our study included that we did not have data on eat-
ing habits during TV screen time though we considered
overall dietary intakes. We also did not record sleep
duration in our study. TV viewing time has been shown
to be associated with short sleep duration which is in
turn associated with cardio-metabolic biomarkers [35-37].
We did not capture TV screen time separately for
weekday and weekend which might be different for
working population. Furthermore, TV screen time, phys-
ical activity, diet and computer/reading time were self-
reported and are thus affected by measurement error.
Measurement error in TV screen time may have weak-
ened the observed associations, but measurement errors
in potential confounders may have led to residual
confounding. As this is cross-sectional study, we cannot
definitively infer causality. Even though we excluded
participants with relevant diagnosed diseases to avoid
reverse causation, we cannot exclude the possibility that
being overweight led participants to spend more time
on the TV screen.
In summary, our study confirms the association be-

tween TV screen time and cardio-metabolic biomarkers
in a multiethnic Asian population. However, TV screen
time is a complex construct that appears to include
obesity and altered dietary intakes. The lack of associ-
ation between computer/reading time and metabolic risk
factors in study also suggests that the association be-
tween TV screen time and health reflects other lifestyle
factors rather than sedentary time per se. Even after con-
trolling for potential mediators, part of the association
between TV screen time and triglyceride levels and insu-
lin resistance remained unexplained in our study. Given
the prominent role that TV has in modern society, fur-
ther research is warranted to better understand why this
behaviour is associated with cardio-metabolic health.
This may facilitate the development of public health
interventions that more effectively address the adverse
consequences of TV screen time.

Additional files
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biomarkers by computer/ reading time.
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