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Abstract
Aims/hypothesis Little research has been done on the long-
term longitudinal associations between markers of seden-
tary behaviour and health risks. We hypothesised that
television (TV) viewing in early to mid-adulthood predicts
an adverse cardiometabolic risk factor profile in middle age
independently of participation in physical activity.
Methods We used prospective data from 5,972 (2,947 men)
participants of the 1958 British Birth Cohort study. TV
viewing and exercise frequency were obtained at age
23 years. Daily TV viewing and weekly moderate to
vigorous physical activity were assessed at age 44 years, as
well as HbA1c, triacylglycerol, total and HDL-cholesterol,
systolic and diastolic blood pressure, and waist circumference.
We used generalised linear models and multiple linear
regression to examine the associations between TV viewing
at age 23 years and the cardiometabolic risk markers
(including a clustered cardiometabolic risk score) at 44 years,
while adjusting for sex, exercise participation and TV viewing
at age 44 years, and other potential confounders.
Results In the multivariable models, TV viewing frequency
at age 23 years showed positive associations with

C-reactive protein (generalised linear model change
12.6%, 95% CI 3.5, 22.8; p=0.005), fibrinogen (change
1.8%, 95% CI 0.3, 3.3; p=0.020), waist circumference
(coefficient 1.17, 95% CI 0.32, 2.01; p=0.004), systolic
(coefficient 1.44, 95% CI 0.33, 2.54; p=0.019) and
diastolic (coefficient 0.75, 95% CI −0.01, 1.51; p=0.053)
blood pressure, and clustered cardiometabolic risk score
(men only, coefficient 0.06, 95% CI 0.01, 0.11; p=0.038).
Adjustments for baseline (age 23 years) BMI attenuated
these associations towards null.
Conclusions/interpretation TV viewing habits in early
adulthood are associated with adverse cardiometabolic
profiles in early middle adulthood that are independent of
TV viewing habits and physical activity in middle age, but
not independent of BMI in early adulthood.

Keywords British birth cohort . Cardiovascular risk
factors . Longitudinal . Metabolic . National Child
Development Study . Physical activity . Primary
prevention . Sedentary behaviour/behaviour . Television

Abbreviations
BBC58 1958 British birth cohort
CRP C-reactive protein
CVD Cardiovascular disease
MVPA Moderate to vigorous physical activity
TV Television

Introduction

The protective effects of regular moderate to vigorous
physical activity (MVPA) on health are well established [1].
Emerging evidence consistently suggests that sedentary
behaviour (prolonged sitting) is linked to several cardio-

Electronic supplementary material The online version of this article
(doi:10.1007/s00125-011-2358-3) contains peer-reviewed but unedited
supplementary material, which is available to authorised users.

E. Stamatakis (*) :M. Hamer :G. D. Mishra
Department of Epidemiology and Public Health,
University College London,
1-19 Torrington Place,
London WC1E 6BT, UK
e-mail: e.stamatakis@ucl.ac.uk

E. Stamatakis :M. Hamer
Physical Activity Research Group (PARG),
Population Health Domain, University College London,
London WC1E 6BT, UK

Diabetologia (2012) 55:311–320
DOI 10.1007/s00125-011-2358-3

http://dx.doi.org/10.1007/s00125-011-2358-3


metabolic conditions, including obesity [2], dyslipidaemia [3]
and raised plasma glucose levels [4–6], independently of
participation in MVPA. With the exception of a few studies
[7, 8], most of the evidence in this area is cross-sectional.
The role of adiposity in explaining the associations between
sedentary behaviour and cardiometabolic risk is incon-
clusive: there are indications that body weight status can
predict sedentary behaviour, but sedentary behaviour
may not predict future obesity [10]. Most studies that
have examined the associations between indicators of
sedentary behaviour and clustered risk (such as the
metabolic syndrome) were cross-sectional or had small
sample sizes [5, 11, 12]. One of the few longitudinal
studies in this field [13] found associations between
increase in television (TV) viewing over time and adverse
changes in clustered cardiometabolic risk score, although
baseline TV viewing was not associated with any of these
outcomes or with raised triacylglycerol, HDL-cholesterol
and plasma glucose. The association between glycaemic
status indices such as plasma glucose or HbA1c and
indicators of sedentary behaviour merit further attention
because the existing evidence is particularly inconsistent,
with some studies showing an association [4, 5], whereas
others do not [6, 13] (E. Stamatakis, M. Hamer, K. Tilling
and D.A. Lawlor, unpublished results). Besides these
glycaemic status indices, recent work of ours [8] suggests
that low-grade inflammation explains a substantial pro-
portion (∼20%) of the association between screen-based
leisure and cardiovascular events. Another recent study
[14] reported links between sedentary behaviour and
pulmonary embolism in women, suggesting that sitting-
related activities may cause or exacerbate venous stasis,
increasing thrombotic tendencies and plasma viscosity
[15]. Nevertheless, no study has looked at the longitudinal
associations between indices of sedentary behaviour and
inflammatory (such as C-reactive protein [CRP]) or
haemostatic (such as fibrinogen) markers.

Television viewing is the most important indicator of
non-occupational sitting behaviour [16]. Recent time-
use surveys [17–19] indicate that, aside from sleeping,
watching TV is the behaviour that occupies the most time
in the domestic setting. For example, adults living in
England spend over 3 h a day on average watching TV
[20]. The deleterious associations between TV viewing
and both cardiometabolic disease risk and mortality have
been highlighted in a recent meta-analysis [21]. If overall
sitting or its constituent components (e.g. TV viewing)
are established to be independent predictors of risk,
clinical and public health recommendations [22–24]
should explicitly address these behaviours, in addition
to recommending MVPA. Moreover, as only a minority
of adults in Western populations participate regularly in
sport and exercise activities [25] and those who do not

are more likely to develop cardiovascular disease (CVD)
or die prematurely, it may be possible to reduce the risk
of non-participators by restricting sitting time and
increasing non-exercise activity (e.g. standing and am-
bulating) throughout the day [26]. There is no conclusive
evidence comparing the feasibility or long-term effec-
tiveness of interventions designed to increase formal
exercise versus decreasing sitting behaviour during the
day. However, the latter approach may be more promis-
ing in terms of long-term adherence, as it would involve
more subtle lifestyle changes and fewer of the commonly
cited barriers [27] for joining a sporting or lifestyle
exercise programme. Furthermore, if early adulthood
sedentary behaviour habits are shown to be associated
with adverse cardiometabolic risk profiles in middle age,
preventive behavioural interventions may need to target
younger populations that typically do not have raised risk
factors and have a relatively low risk of CVD, and are
therefore rarely targeted by interventions.

The aim of this study was to examine the longitudinal
associations between a key indicator of sedentary behaviour
(TV viewing) in early adulthood and comprehensive
cardiometabolic risk profiles in early middle age. A
secondary aim was to test whether any observed associations
are independent of baseline BMI.

Methods

Sample The 1958 British Birth Cohort (BBC58) includes
all children born in Great Britain (England, Scotland,
Wales) in 1 week of March 1958 (n=17,638) [28].
Follow-up data were collected when participants were
aged 23 years. In 2002 and 2003 (age 44 years), 12,069
participants (68% of original sample) were invited to a
household-based clinical examination, of whom 9,377
responded positively and completed the examination.
BBC58 complies with the Declaration of Helsinki,
participants provided informed consent, and approval
for the 2002 and 2003 data collection was obtained from
the South-East Multi-centre Research Ethics Committee,
UK.

Outcome measures at age 44 years Non-fasting blood
samples were collected by trained nurses and mailed to
collaborating laboratories. All assays had coefficients of
variation of <10%. The blood samples analysis methods
and outcomes of the quality control procedures have been
described in detail elsewhere [29]. The blood analytes
considered were: HbA1c, triacylglycerol, total cholesterol,
HDL-cholesterol, fibrinogen and CRP. Although informa-
tion on BMI at age 44 years was available, we chose waist
circumference as the adiposity marker outcome, because we
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have shown that it is better than BMI for prediction of
cardiovascular risk [30]. Waist circumference was measured
to the nearest millimetre and was defined as the midpoint
between the lower ribs and iliac crest in the mid-axillary
line. Systolic and diastolic blood pressure and resting pulse
rate were measured using a monitor (Omron 907; Omron
Healthcare UK, Milton Keynes, UK).

Exposure measures at age 23 years TV viewing was
assessed by an interview-administered questionnaire
and reported as weekly frequency (≥5, 3–4, 1–2 times
per week, 2–3 times in last 4 weeks, once in last
4 weeks, not at all in last 4 weeks). For the analyses
presented here, TV viewing at 23 years was quantified
as ≥5, 3–4 and ≤2 times per week, a categorisation used
in a previous publication [31].

Covariables and contextual variables Average daily TV
viewing was assessed by self-completion questionnaire at
age 44 years (3–4, 2–3, 1–2, <1 h/day or none). Similarly to
TV viewing, physical activity had been assessed by inter-
views at age 23 years and was assessed by a self-completed
questionnaire at age 44 years. At 23 years, questions
enquired about frequency of sports and exercise participa-
tion (≥5, 3–4, 1–2 times per week, 2–3 times per month,
once per month, none). At 23 years, self-reports of weight
and height were obtained to calculate BMI. Physical
activity at age 44 years was assessed using EPAQ2, a
previously validated self-completion questionnaire, includ-
ing work, home and leisure-time activity during the past
year [32, 33]. Using established physical activity intensity
charts [34] and a previously described intensity classifica-
tion method [35], we calculated MVPA in min/week and
the percentage of participants meeting the current MVPA
recommendations (≥150 min/week) [23]. Information on
medication, smoking and alcohol habits at age 44 years was
collected by interviewers. Socioeconomic position at age
44 years was calculated using the Registrar General’s
classification, a UK-specific index that is based on
occupation [36].

Data handling and statistical analysis As previously [8],
CRP, triacylglycerol and fibrinogen were log-transformed
to improve the normality of distribution. We calculated the
ratio of total to HDL-cholesterol, as this has been shown to
be the most informative cholesterol-related index (40%
more informative than non-HDL-cholesterol and more than
twice as informative as total cholesterol) [37]. We used
existing methods [13, 38] to develop a continuous clustered
cardiometabolic risk score on the basis of the examined
outcomes (HbA1c, triacylglycerol, total cholesterol, HDL-
cholesterol, fibrinogen, CRP, blood pressure, waist circum-
ference). After log transformation and z score conversion

z ¼ value�mean½ �=SDð Þ of all cardiometabolic variables
(average blood pressure was used as an index for systolic
and diastolic blood pressure), the z scores were summed
and the sum was divided by 8 to compile the cardiometa-
bolic risk score with units of SD. For HDL-cholesterol
(which is protective for cardiometabolic risk), the z score
was multiplied by −1. Univariate associations between the
TV viewing variables and the covariates and outcomes
were assessed using χ2 (categorical variables) or Kruskal–
Wallis one-way ANOVA (continuous variables).

The association between TV viewing frequency at
age 23 years and each cardiometabolic outcome or the
clustered score was examined using generalised linear
models and multiple linear regression. Different models
were adjusted for: (1) sex; (2) additionally for smoking,
alcohol, CVD medication and social class at age
44 years; and (3) additionally for exercise at age
23 years, and MVPA and TV viewing times at age
44 years. Generalised linear model coefficients indicate
mean differences (in values for each risk factor)
between the reference category (two or fewer times a
week) and each of the other TV viewing groups at age
23 years. We tested for sex interactions in terms of each
cardiometabolic risk marker and clustered cardiometa-
bolic risk score by entering an interaction term in a
basic generalised linear model with each risk indicator
as the outcome. As we found little appreciable evidence
of such interactions, all analyses were sex-adjusted but
not sex-stratified. We evaluated the role of baseline
body weight status by running additional multivariable
generalised linear models that were also adjusted for
BMI at age 23 years.

Results

Of the 9,377 respondents contacted during the 2002 and
2003 data collection, 5,972 (2,947 men) had valid infor-
mation for all required variables. Excluded respondents
were more likely to be men, current smokers, rare or never
alcohol drinkers, on CVD medication, from a manual work
social class and inactive at age 44 years, and also more
likely to report more than 4 h/day of TV viewing at age
44 years (Electronic supplementary material [ESM]
Table 1). The characteristics of those included in the
analysis sample are presented in Table 1. Participants
reporting a higher TV viewing frequency at age 23 years
had higher levels of smoking, HbA1c, triacylglycerol,
fibrinogen, CRP, waist circumference, systolic and diastolic
blood pressure, and clustered cardiometabolic risk. They were
also less likely to be men and to belong to a non-manual work
social class, and had lower levels of alcohol consumption,
physical activity at ages 23 and 44 years, and HDL-
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cholesterol: total cholesterol ratios. There was a high degree of
consistency in TV viewing behaviours over adulthood. Thus
in a multivariate analysis (adjusted for sex, social class and
recreational physical activity), participants who reported TV
viewing ≥5 times/week at age 23 years had a greater than two
and a half times higher odds of reporting ≥2 h/day of TV
viewing at age 44 years compared with those reporting twice a
week or less (ESM Table 2).

Table 2 presents the associations between TV viewing
frequency at age 23 years and both cardiometabolic risk
markers and clustered cardiometabolic risk score at age
44 years. All examined risk markers and the clustered
cardiometabolic risk score showed sex-adjusted associa-
tions with TV viewing frequency at age 23 years. Once
analyses were adjusted for potential confounders, and for
TV viewing and physical activity at age 44 years, these
associations persisted for CRP, fibrinogen, waist circumfer-
ence, systolic and diastolic blood pressure, and clustered
cardiometabolic risk score; associations were attenuated to
the null for all other outcomes (HbA1c, triacylglycerol and
cholesterol ratio).

Although we found a significant sex×TV viewing
interaction in terms of the cholesterol ratio (p=0.027),

sex-stratified analyses showed no appreciably different
results (data not shown). We also found a sex interaction
in terms of the clustered cardiometabolic risk score (p=
0.035). As Table 3 shows, the association between TV
viewing at age 23 years and clustered cardiometabolic risk
score was more pronounced in men than in women.

The prevalence of overweight (BMI≥25 kg/m2) at
age 23 years was 14.5% (16.9% for men, 12.2% for
women). The corresponding figure for obesity prevalence
(BMI≥30 kg/m2) was 2.0% (1.8% and 2.1% for men and
women, respectively). When we additionally adjusted the
multivariable models for baseline BMI, the previously
observed associations between TV viewing and fibrino-
gen (Fig. 1a), CRP (Fig. 1b), waist circumference
(Fig. 1c), systolic (Fig. 1d) and diastolic (Fig. 1e) blood
pressure, and clustered cardiometabolic risk score
(Fig. 1f) were all attenuated. We further explored the
role of baseline BMI by stratifying our analyses by
overweight status. Most of the multivariable-adjusted
associations observed in Table 2 persisted for participants
with a BMI<25 kg/m2 at age 23 years (n=5,039), but
were attenuated to null for those with a BMI≥25 kg/m2

(n=857) (ESM Table 3).

Table 1 Sample characteristics
and biological risk factor
distribution by TV viewing
frequency at age 23 years: the
BBC58 (n=5972)

Unless otherwise indicated,
values are in mean (SD); due to
differences in measurement
scales, mean values <10 are
shown with two decimal points,
10–99 with one decimal point
and ≥100 with no decimal point
aBMI ≥25 kg/m2; bparticipating
in sports at least once a week;
cdefined as meeting the physical
activity guidelines through
recreational MVPA (≥150
min/week); dcalculated as total
cholesterol: HDL-cholesterol

Variable TV frequency at age 23 years (times per week) p value

Characteristic ≤2 3–4 ≥5

n 914 1033 4025

Male sex (%) 51.3 52.9 48.0 0.009

Manual work social class (%) 25.0 28.6 38.4 <0.001

Never smoked (%) 53.1 51.2 43.8 <0.001

Alcohol ≥4 times/week (%) 30.3 28.7 24.6 <0.001

CVD medication at age 44 years (%) 7.11 6.49 8.12 0.136

Overweight or obese at age 23 years (%)a 9.79 11.6 16.4 <0.001

Exercise at age 23 years (%)b 43.5 38.5 30.4 <0.001

Active at age 44 years c (%) 61.5 59.0 51.7 <0.001

Risk factor

HbA1c (%) 5.20 (0.66) 5.21 (0.57) 5.26 (0.68) 0.012

HbA1c (mmol/mol) 33.3 (7.20) 33.4 (6.20) 34.0 (7.40)

Triacylglycerol (mmol/l) 1.89 (1.23) 1.95 (1.33) 2.02 (1.36) 0.004

Total cholesterol (mmol/l) 5.82 (1.01) 5.88 (1.09) 5.87 (1.05) 0.480

HDL-cholesterol (mmol/l) 1.61 (0.42) 1.59 (0.39) 1.56 (0.39) 0.002

Cholesterol ratiod 3.85 (1.14) 3.92 (1.20) 3.99 (1.18) 0.002

Fibrinogen (μmol/l) 8.35 (1.71) 8.47 (1.68) 8.76 (1.79) <0.001

CRP (mg/l) 1.83 (4.05) 2.06 (5.82) 2.17 (3.93) <0.001

Waist (cm) 89.8 (12.7) 90.9 (13.4) 92.0 (13.3) <0.001

BMI (kg/m2) 26.5 (4.50) 26.8 (4.67) 27.5 (4.85) <0.001

Systolic blood pressure (mmHg) 124 (15.5) 126 (16.2) 126 (16.3) 0.017

Diastolic blood pressure (mmHg) 77.3 (10.7) 78.0 (10.7) 78.3 (10.7) 0.017

Clustered cardiometabolic risk −0.13 (0.62) −0.07 (0.60) −0.01 (0.61) <0.001
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Table 2 Multivariable-adjusted associations between TV frequency at age 23 years and cardiometabolic risk at age 44 years: the BBC58
(n=5972)

TV frequency (times/week)
per variable

Model 1a Model 2a Model 3a

Coefficientb or percentage
changec (95% CI)

Coefficientb or percentage
changec (95% CI)

Coefficientb or percentage
changec (95% CI)

HbA1c (%)b

≤2 Referent Referent Referent

3–4 0.006 (−0.052, 0.065) −0.001 (−0.084, 0.081) −0.003 (−0.061, 0.054)
≥5 0.065 (0.018, 0.112) 0.034 (−0.033, 0.101) 0.018 (−0.030, 0.066)
HbA1c (mmol/mol)b

≤2 Referent Referent Referent

3–4 0.069 (−0.569, 0.708) −0.010 (−0.638, 0.618) −0.038 (−0.668, 0.592)
≥5 0.710 (0.195, 1.225) 0.261 (−0.251, 0.773) 0.192 (−0.333, 0.716)
Trend p value 0.002 0.242 0.422

Triacylglycerol (mmol/l)c

≤2 Referent Referent Referent

3–4 1.9 (−3.0, 6.9) 1.5 (−3.2, 6.5) 0.2 (−4.5, 5.0)
≥5 7.9 (3.9, 12.2) 5.4 (1.4, 9.6) 1.9 (−2.1, 6.1)
Trend p value <0.001 0.005 0.357

Cholesterol ratio (mmol/1)b, d

≤2 Referent Referent Referent

3–4 0.065 (−0.031, 0.161) 0.051 (−0.042, 0.144) 0.022 (−0.070, 0.114)
≥5 0.172 (0.094, 0.250) 0.090 (0.014, 0.165) 0.016 (−0.061, 0.093)
Trend p value <0.001 0.020 0.785

Fibrinogen (μmol/l)c

≤2 Referent Referent Referent

3–4 1.8 (0.1, 3.7) 1.5 (−0.2, 3.4) 1.1 (−0.6, 2.8)
≥5 4.7 (3.1, 6.2) 2.8 (1.4, 4.3) 1.8 (0.3, 3.3)

Trend p value <0.001 <0.001 0.020

CRP (mg/l)c

≤2 Referent Referent Referent

3–4 11.9 (0.7, 24.2) 10.6 (−0.3, 22.6) 6.5 (−3.9, 18.2)
≥5 32.8 (22.1, 44.6) 24.0 (13.9, 35.0) 12.6 (3.5, 22.8)

Trend p value <0.001 <0.001 0.005

Waist circumference (cm)b

≤2 Referent Referent Referent

3–4 0.840 (−0.184, 1.863) 0.758 (−0.260, 1.775) 0.351 (−0.659, 1.361)
≥5 2.598 (1.772, 3.424) 2.196 (1.366, 3.025) 1.166 (0.325, 2.008)

Trend p value <0.001 <0.001 0.004

Systolic BP (mmHg)b

≤2 Referent Referent Referent

3–4 1.391 (0.059, 2.722) 1.379 (0.050, 2.708) 1.110 (−0.220, 2.440)
≥5 2.203 (1.129, 3.278) 2.105 (1.022, 3.189) 1.438 (0.330, 2.546)

Trend p value <0.001 <0.001 0.019

Diastolic BP (mmHg)b

≤2 Referent Referent Referent

3–4 0.614 (−0.296, 1.524) 0.622 (−0.286, 1.529) 0.415 (−0.492, 1.323)
≥5 1.235 (0.501, 1.969) 1.268 (0.528, 2.008) 0.752 (−0.005, 1.508)
Trend p value 0.001 0.001 0.053

Clustered cardiometabolic risk (SD)b

≤2 Referent Referent Referent
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Discussion

Our study found associations between frequency of TV
viewing in early adulthood and adverse cardiometabolic
profiles in early middle age. These associations were driven
by haemostatic (fibrinogen), inflammatory (CRP), haemo-
dynamic (systolic and diastolic blood pressure) and
adiposity-related (waist circumference) outcomes. Our
results expand on several cross-sectional studies that have
looked at the association between sedentary behaviour and
clustered cardiometabolic risk factors [5] or the metabolic
syndrome [11, 12], and have consistently reported associ-

ations that are independent of MVPA. For example, Healy
and colleagues [5] found that objectively measured total
sedentary time was independently associated with a
metabolic risk score (comprising waist circumference,
triacylglycerol, blood pressure, HDL-cholesterol and fast-
ing plasma glucose) among 169 middle-aged Australians.
The clustered cardiometabolic risk score we developed
is roughly equivalent to this cluster of risk factors
(minus plasma glucose), as well as to the constituent
components of the International Diabetes Federation
definition of the metabolic syndrome [39]. All other
aforementioned studies that used metabolic syndrome as
an outcome are also comparable with our results, as all
popular metabolic syndrome definitions include obesity
(BMI or waist circumference), triacylglycerol, blood
pressure and HDL-cholesterol [40]. It is therefore encour-
aging that our results expand on the existing cross-
sectional evidence. Although some cross-sectional studies
using objective measures of sedentary behaviour found
deleterious associations with plasma glucose [4, 5], other
studies that used objective [6] or self-reported measures
[13] noted no association. We, in other recent work, failed
to find any associations between objectively assessed total
sedentary behaviour or self-reported TV viewing time and
HbA1c in adults of working age (E. Stamatakis, M. Hamer,
K. Tilling and D.A. Lawlor, unpublished results) and older
adults (E. Stamatakis, M. Davis, A. Stathi and M. Hamer,
unpublished results). To our knowledge, the only longitu-
dinal study that is comparable to ours [13] found
associations between increase in TV viewing over time
and adverse changes in clustered cardiometabolic risk and
in certain individual risk markers (waist and diastolic, but
not systolic blood pressure), although baseline TV
viewing was not associated with any of these outcomes

Table 2 (continued)

TV frequency (times/week)
per variable

Model 1a Model 2a Model 3a

Coefficientb or percentage
changec (95% CI)

Coefficientb or percentage
changec (95% CI)

Coefficientb or percentage
changec (95% CI)

3–4 0.057 (0.007, 0.107) 0.048 (0.000, 0.096) 0.027 (−0.021, 0.074)
≥5 0.162 (0.122, 0.202) 0.110 (0.071, 0.149) 0.055 (0.016, 0.095)

Trend p value <0.001 <0.001 0.006

aModel 1: adjusted for sex; model 2: further adjustments for smoking, social class, drinking and cardiovascular medication (all measured at age
44 years); model 3: further adjustments for physical activity at age 23 and 44 years, and TV viewing at age 44 years
b Generalised linear model coefficients; coefficients indicate mean differences (in risk factor values) between the reference category (≤2 times a
week) and each of the other TV viewing groups at age 23 years, e.g. a value of 1.5 indicates that a specific category had a mean score that is
1.5 units higher than the referent group
c Percentage change was used for variables that were log-transformed (using the natural log) before being entered into the generalised linear model
tests (triacylglycerol, fibrinogen and CRP); the percentage change was calculated by back-transforming the logged coefficients to their natural
scale through exponentiation, and then subtracting 1 and multiplying by 100
d Calculated as total cholesterol: HDL-cholesterol

Table 3 Sex-stratified and multivariable-adjusteda associations be-
tween TV frequency at age 23 years and clustered cardiometabolic
risk at age 44 years: the BBC58 (n=5629)

TV frequency
(times/week)

Clustered risk

Men (coefficient
[95% CI]b)

Women (coefficient
[95% CI]b)

n 2,947 3,025

≤2 Referent Referent

3-4 0.045 (−0.018, 0.108) 0.008 (−0.063, 0.080)
≥5 0.057 (0.005, 0.110) 0.048 (−0.012, 0.107)
Trend p value 0.038 0.071

a Adjustments for smoking, social class, drinking, cardiovascular
medication (all measured at age 44), physical activity at 23 and
44 years, and TV viewing at age 44 years
b Coefficients indicate mean clustered cardiometabolic risk score
differences between the reference category and each other TV group
at age 23 years, e.g. a positive value of 1.5 indicates that a specific
category had a mean component score that is 1.5 units higher than the
referent group
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or with raised triacylglycerol, HDL-cholesterol and glu-
cose.

If the associations we identified are causal, increased TV
viewing may increase the risk of CVD and all-cause
mortality, as we [8] and others [21] have shown. We did
not find associations between TV viewing and lipid-related
risk markers (triacylglycerol and cholesterol ratio), a
finding that is partly explained by another current study
of ours, where we examined to what extent certain
metabolic (BMI, HDL-cholesterol, total cholesterol) and
inflammatory (CRP) risk factors explain the association
between screen-based entertainment time (comprising
mainly TV viewing) and clinically confirmed fatal/non-
fatal CVD events. In that other study, these four
biological factors explained 28% of the association
between screen-based entertainment and CVD [8]. CRP
explained CVD events to the greatest extent (∼20%), with
HDL-cholesterol explaining approximately 8% and total
cholesterol explaining only 1.6% [8]. To assess the
possibility that the lack of the association between our
exposure and the cholesterol ratio in the current study was
not driven by total cholesterol, we repeated the analyses

with cholesterol and HDL-cholesterol entered as two
separate outcomes, but the null findings persisted (data
not shown). Therefore, our results offer little support to
the hypothesis derived from animal models that prolonged
sedentary behaviour may disturb lipid metabolism [26],
although it remains possible that TV viewing in general
[16, 41] or TV viewing frequency in particular is merely a
poor indicator of sitting.

We found that the higher the TV viewing frequency at
age 23 years, the higher the odds of reporting increased TV
viewing times at age 44 years (ESM Table 2). This
tendency may lead to the development of adverse cardio-
metabolic risk profiles by the mid 40s and it is logical to
assume that, unless lifestyle changes occur, these profiles
will deteriorate later in life due to degenerative processes.
The induction of 5 days bed rest, which represents an
extreme form of sedentary behaviour, has profound effects
on various metabolic risk factors, including microvascular
dysfunction, although it does not significantly impact on
inflammatory markers [42]. Thus, low-grade inflammation
might only result from chronic exposure to a sedentary
lifestyle. It is also possible that sitting-induced microvas-
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Fig. 1 Multivariable-adjusted means and 95% CIs of cardiometabolic
risk markers and clustered cardiometabolic risk score by TV viewing
frequency (≤2, 3–4, ≥5 times per week) at age 23 years with and
without adjustments for baseline BMI (at age 23 years). a Fibrinogen
(log), not adjusted for BMI p=0.020, adjusted for BMI p=0.088; b CRP
(log), not adjusted for BMI p=0.005, adjusted for BMI p=0.050.
cWaist circumference, not adjusted for BMI p=0.004, adjusted for BMI

p=0.384. d Systolic blood pressure, not adjusted for BMI p=0.019,
adjusted for BMI p=0.072. e Diastolic blood pressure, not adjusted for
BMI p=0.053, adjusted for BMI p=0.159. f Clustered cardiometabolic
risk, not adjusted for BMI p=0.006, adjusted for BMI p=0.148. All
models were adjusted for sex, smoking, social class, drinking and
cardiovascular medication (all measured at age 44 years), physical
activity at 23 and 44 years, and TV viewing at age 44 years
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cular dysfunction is linked with impaired haemostasis,
explaining the associations we found between TV viewing
and fibrinogen.

Nevertheless, we acknowledge that the influence of TV
viewing on cardiometabolic risk may not be causal, e.g. if
TV viewing acts through other behavioural risk factors that
we were unable to measure, such as consuming high-energy
snack foods and/or the influence of TV advertisements on
eating behaviours [43]. Beside behavioural residual con-
founding, we [44] and others [45] have reported TV
viewing to be associated with adverse psychological
outcomes. Given that cardiometabolic risk is associated
with psychological factors [46, 47], this may be another
potential pathway through which TV viewing adversely
affects cardiometabolic risk profile.

The associations observed by us between TV viewing
and cardiometabolic risk were independent of physical
activity at both time points and of TV viewing at age
44 years, but not of baseline BMI at age 23 years. Although
adjustments for BMI in another of our studies [8] did not
considerably attenuate the associations between screen-
based entertainment and CVD events, results from a
different study of ours [48] are consistent with the present
study. In that study, we examined the extent to which BMI
and waist circumference explained the associations between
multi-domain sedentary behaviour (TV viewing, other
leisure-time sitting, occupational sitting) and established
cardiometabolic risk factors (total cholesterol, HDL-
cholesterol, systolic and diastolic blood pressure) among
5,067 English adults from the general population [48].
Adjustments for BMI or waist circumference attenuated the
associations between total sedentary behaviour or TV
viewing alone and the above risk markers towards null.
BMI explained between 33% and 96% of the associations
of the risk markers with total sedentary behaviour and
between 29% and 60% of the associations with TV viewing
alone [48]. Although, due to the cross-sectional design of
the above study, these findings cannot clarify whether BMI
is a confounder or a mediator, they do lend support to the
idea that the relationship between sedentary behaviour and
adiposity may be bi-directional, as suggested before [10]. A
previous study on the same cohort (BBC58) found that TV
viewing at age 23 years predicted BMI (women only) and
waist circumference at age 44 years [31]. Our findings here
expand on this by showing that TV viewing at age 23 years
is linked not only to adiposity, but also to more compre-
hensive risk factor profiles.

The main strengths of our study are the long (>20 years)
follow-up period and the broad range of risk factors that
allowed us to examine comprehensive profiles of cardio-
metabolic risk. On the other hand, our main exposure (TV
viewing at age 23 years) was measured in a crude way and
therefore our study is inappropriate for examining dose–

response relationships. Nevertheless, we would expect that
with a more accurate exposure measurement, the associa-
tions observed by us would have been stronger and,
perhaps, robust to BMI adjustments. Furthermore, there is
no information on the reliability and criterion validity of the
questions assessing TV viewing at age 2 years. In this light,
it is encouraging that a recent review [16] concluded that
sedentary time questions focusing on TV viewing have the
strongest reliability and validity among non-occupational
sedentary behaviour questions. Although TV viewing is not
a complete indicator of sedentary behaviour, it may be
argued that it is perhaps the most important: the 2005 UK
Time Use survey indicates that, aside from sleeping,
watching TV is the behaviour that occupies the most time
in the domestic setting [17]. With the exception of BMI,
data on all other biological risk markers were not available
at the baseline assessment (23 years), so we cannot entirely
rule out the possibility of reverse causality. Nevertheless,
the prevalence of overweight and obesity was low at age
23 years, and it is highly unlikely that high levels of
inflammatory and haemostatic risk factors were present
in young adulthood. The blood samples were non-
fasting, but for the assays used (HbA1c, HDL-
cholesterol, total cholesterol) this would not be expected
to have biased results [49]. Finally, the relatively large
proportion of participants (36%) excluded from analyses
due to missing data might have introduced bias into our
results. Comparisons between the excluded and included
groups of the sample revealed that those excluded had an
adverse health behaviour profile at follow-up, as they
were more likely to smoke, watch high amounts of TV, be
physically inactive, and to rarely or never drink alcohol
(which may be seen as an adverse health behaviour due to
the J-shaped association between alcohol drinking and
cardiovascular health). They were also more likely to be
male and from a manual work social class (both of which
are known cardiometabolic risk factor), and to be on CVD
medication. If the excluded part of the sample had more
adverse cardiometabolic risk factor profiles, the associa-
tions we observed may have been underestimated due to
reduced variability in the outcome variables. However,
we cannot meaningfully test this assumption because
most missing values were in the biochemical outcome
variables.

Conclusion Frequency of TV viewing in early adulthood is
associated with fibrinogen, CRP, blood pressure and
clustered cardiometabolic risk (in men only) in early middle
age. These associations are independent of physical activity,
but dependent on baseline BMI. Future cohort studies with
detailed measures of TV viewing and sedentary behaviour
are needed to confirm these results in other diverse
populations, to establish specific thresholds of daily TV
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viewing and to further investigate the links between
sedentary behaviour and obesity.
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