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OBJECTIVE — To examine the relationship between blood glucose control and the time
spent watching television in Norwegian children and adolescents with type 1 diabetes in a
population-based study.

RESEARCHDESIGNANDMETHODS — A total of 538 children and adolescents from
9 hospitals in the eastern part of Norway participated in the study; 70% of eligible subjects
participated. The time spent watching television and time using a computer was recorded
separately by interview together with clinical data. Mean (�SD) age was 13.1 � 3.7 years, mean
diabetes duration was 5.4 � 3.4 years, and mean A1C was 8.6 � 1.3% (reference range 4.1–6.4).

RESULTS — Sixty-two patients (11%) watched television �1 h daily (mean A1C 8.2 �
0.9%), 189 patients (35%) watched television between 1 and 2 h daily (8.4 � 1.2%), 166
patients (31%) watched television 2–3 h daily (8.7 � 1.4%), 75 patients (14%) watched televi-
sion 3–4 h daily (8.8 � 1.2%), and 46 patients (9%) watched television �4 h daily (9.5 � 1.6%).
This trend was highly significant (P � 0.001). The association between television viewing and
A1C remained significant, even after adjusting for age and BMI and insulin dose. No correlation
between A1C and the use of a personal computer was observed.

CONCLUSIONS — Extensive television watching is associated with poor blood glucose
control in children and adolescents with type 1 diabetes.
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S edentary behavior is associated with
increased risk of obesity and cardio-
vascular disease (CVD) risk factors

(1–3), and physical inactivity and lack of
physical fitness are directly associated with
increased mortality from CVD (4,5). One of
the most common leisure time sedentary
behaviors, television viewing, has been
studied extensively in nondiabetic subjects
(6–13). Findings suggest that this behavior
has an effect on obesity and CVD risk factors
that is independent of leisure time physical

activity (1,3,7,14). These studies emphasize
the relevance of studying sedentary behav-
ior as a distinct entity.

Children and adolescents in the U.S.
spend more time watching television than
any other activity except sleep, and the
time spent watching television may even
exceed time spent in school (6,9,13,15).
The vast majority of children in the U.S.
are growing up in homes where television
is a near-constant presence (16,17). The
situation is similar in Norway, with at

least one television set in almost every
home in the country and 34% of all chil-
dren having a television in their bedroom
(18).

Patients with type 1 diabetes are at
higher risk of developing CVD than the gen-
eral population (19), and long-term blood
glucose control is a strong predictor for
CVD in type 1 diabetes (20–22). The devel-
opment of atherosclerosis starts early in life
(19). To our knowledge, no studies have
reported the influence of television watch-
ing on blood glucose control or CVD risk
factors in children and adolescents with
type 1 diabetes.

RESEARCH DESIGN AND
METHODS — The study was ap-
proved by the Governmental Regional
Committee for Ethics in Medical Research
and the Norwegian Data Inspection
Board. The subjects gave written in-
formed consent.

The study was performed in 2001 in
eight pediatric departments in Norway.
The clinics are located in the middle and
east part of Norway, covering one large
city (Oslo), smaller cities and towns, and
countryside areas. All diabetic children in
Norway are treated at the pediatric clinics
of the public hospitals. A total of 70% of
eligible subjects participated (hospital
range 46–100%), with all but one clinic
reporting �60% of their patients.

Data were collected from a case
record form based on the World Health
Organization Basic Information Sheet for
children and adolescents. The case record
form includes detailed information about
the insulin regimen, acute and chronic
complications, age, height, weight, pu-
berty stages, blood pressure, and tobacco
smoking. It also includes in-depth family
history of diabetes and CVD. Daily time
spent watching television or using a com-
puter (including time spent playing com-
puter games) was recorded separately by
interview of the patient and, in the
younger children, by interview of one or
both of the parents. Subjects were asked
for the number of hours spent watching
television and video/DVDs for both week-
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days and weekend days. The average
number of hours watching television per
day was used for data analysis. All patients
were interviewed and examined at the
outpatient clinic they attended. The re-
sponsible physician performed an ex-
tended and standardized examination of
all patients. A1C was measured in the
same central laboratory for all patients by
high-performance liquid chromatogra-
phy (Variant; Bio-Rad, Richmond, CA),
Diabetes Control and Complications Trial
standardized. The intra-assay coefficient
of variation was �3%. Reference values
were 4.1–6.4%.
Statistical analysis. All statistical analy-
ses were done using the SPSS software
package for Windows, version 14.0
(SPSS, Chicago, IL). Data are presented by
means � SD or proportions. The BMI val-
ues were standardized by conversion to z
score in groups defined by age and sex,
using the Centers for Disease Control and
Prevention growth charts 2000 (23). This
calculation was done using EpiInfo 2005
version 3.3.2 (Centers for Disease Con-
trol, Atlanta, GA). Spearman’s correlation
coefficient was used to analyze the asso-
ciation between two continuous vari-
ables. Differences in continuous variables
between male and female subjects were
tested with a Mann-Whitney test. Unad-
justed linear regression was used to ana-
lyze the association between television
viewing and independent variables of in-
terest. Further multiple regression analy-
sis was used to determine whether the

association between television viewing
and A1C remained significant after ad-
justing for other independent variables. A
significance level of 5% was used.

RESULTS — The number of patients
included in the study was 538. The mean
age of the patients was 13.1 � 3.7 years,
diabetes duration was 5.4 years, and the
mean A1C was 8.6 � 1.3% (Table 1).
They watched television for 1.9 h per day
(range 0–8) (114 min per day) on aver-
age. There were no differences between
male and female subjects with regard to
age, diabetes duration, A1C, and hours of
watching television. The distribution of
the number of hours of television viewing
per day is shown in Table 2. A total of 62
patients (11%) watched television �1 h
daily (mean A1C 8.2 � 0.9%). A total of
189 patients (35%) watched television
between 1 and 2 h daily (mean A1C 8.4 �
1.2%). A total of 166 patients (31%)
watched television 2–3 h daily (mean
A1C 8.7 � 1.5%). A total of 75 patients
(14%) watched television 3– 4 h daily
(mean A1C 8.8 � 1.2%). A total of 46
patients (9%) watched television �4 h
daily (mean A1C 9.5 � 1.6%). Figure 1
shows the relationship between viewing
hour and A1C. There was a continuous
increase in A1C with every hour of watch-
ing television, and the test for trend was
highly significant (P � 0.001) (Table 2).
No association between A1C and the use
of a personal computer was found (data
not shown).

A statistically significant positive as-
sociation between television viewing and
age and insulin dose (IE/kg) was demon-
strated but not with BMI z score (see Ta-
ble 2). Multiple regression analysis
showed a strong association between tele-
vision viewing and A1C even after adjust-
ing for age and BMI and insulin dose
(Table 3).

CONCLUSIONS — In the present
population-based study of 538 children
and adolescents with type 1 diabetes, we
show for the first time a continuous in-
crease in A1C with every hour of watch-
ing television. This association was
independent of age, duration of disease,
and BMI. The American Academy of Pe-
diatrics recommends that children’s tele-
vision viewing should be limited to no
more than 2 h per day (15). Fifty-five per-
cent of the patients in our study exceeded
this limit.

Several modes of behavior might ex-
plain the positive association between
television viewing and A1C. Television
viewing might displace physical activity
and encourage poor dietary habits. How-
ever, physical activity and television view-
ing are poorly related in other studies in
the general population (11,12,24). Fur-
thermore, physical activity is not neces-
sarily associated with good metabolic
control in type 1 diabetic patients (25–
27). Therefore, our results can probably
not be explained as a result of little phys-
ical activity alone. However, even though
physical activity does not seem to influ-
ence A1C in other studies, sedentary be-
havior like television watching might do
so. Energy expenditure during television
viewing seems to be lower than during
any other sedentary activities (28) and
even below resting level (29). Television
viewing also has been found to be associ-
ated with snacking behavior, and partici-
pants who spend more time watching
television tend to follow an unhealthy eat-

Table 1—Patient characteristics

Male subjects Female subjects Total

n 265 273 538
Age (years) 13.1 � 3.5 13.0 � 3.9 13.1 � 3.7
Duration of disease (years) 5.4 � 3.1 5.7 � 3.5 5.6 � 3.4
A1C (%) 8.6 � 1.3 8.7 � 1.3 8.6 � 1.3
BMI (kg/m²) 19.3 � 3.1 20.3 � 3.1 19.8 � 3.1

Data are means � SD.

Table 2—A1C, age, and BMI and insulin dose related to hours of watching television

Television viewing n (%) A1C (%) Age (years) BMI (kg/m²)
BMI z
score

Insulin dose
(units � kg�1 � day�1)

�1 h 62 (11.5) 8.19 � 0.9 12.76 � 4.1 19.28 � 3.4 0.14 � 0.9 0.90 � 0.3
1–2 h 189 (35.1) 8.39 � 1.2 12.20 � 3.9 19.32 � 3.2 0.28 � 0.9 0.91 � 0.3
2–3 h 166 (30.9) 8.67 � 1.5 13.40 � 3.4 20.05 � 3.6 0.22 � 1.0 0.99 � 0.4
3–4 h 75 (13.9) 8.80 � 1.2 13.68 � 2.9 20.34 � 3.5 0.23 � 1.0 1.12 � 0.4
�4 h 46 (8.6) 9.48 � 1.6 14.61 � 3.4 21.84 � 3.0 0.29 � 0.8 0.98 � 0.4
Trend analysis (P values) �0.001 �0.001 �0.002 0.88 0.001

Data are means � SD unless otherwise indicated.
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ing pattern (30,31). The combination of
those factors, less physical activity, in-
creased sedentary behavior, less energy
expenditure, and increased food and en-
ergy intake could, at least in part, explain
our finding.

A significant association between ex-
cessive television viewing and obesity has
been found (6,8,10,11). In addition, sev-
eral studies have reported that this asso-
ciation is independent of physical activity
and fitness level (7,9,11,24) and highly
specific for television viewing. Other sed-
entary leisure activities did not show any
significant association with obesity
(24,29). However, we found no associa-
tion between television viewing and BMI z
score in our study, and the regression
analysis showed that the association be-
tween television viewing and A1C was in-
dependent of BMI.

Several other factors might influence
the observed relationship between televi-
sion viewing and A1C. Such factors include
socioeconomic status and psychosocial fac-
tors, such as family structure and function,
parenting style, and depressive symptoms.
Individuals who generally cannot cope very
well with life and those living in poorly
functioning families might have problems
with meeting the challenges of type 1 dia-
betes, and the high level of A1C is simply an

indicator of this. These individuals might be
inclined to watch more television. Environ-
mental factors, particularly parental behav-
iors, have been considered to be important
influences on adolescent television habits,
as adolescents of heavy television–viewing
parents report spending more time watch-
ing television (32,33). Lower socioeco-
nomic status and parental education and
living in a single-parent home also has been
reported to be associated with higher televi-
sion viewing time (34–36). Furthermore,
elevated depressive symptoms is associated
with a higher level of television viewing in
adolescents as well as adults (2,36,37).

A limitation of this study is that we
did not register physical activity, eating
habits, or other leisure activities apart
from television viewing, nor do we have
any information about the socioeconomic
or psychological status of our patients.
Additional work is required to elucidate
the potential behavioral and psychologi-
cal mechanisms for the observed associa-
tions. However, a potential implication of
this study is to ask about the time spent
watching television and other leisure ac-
tivities, especially if the metabolic control
of the children is poor.

Improvement in long-term blood glu-
cose control is important because it is a
strong predictor of early coronary athero-

sclerosis (20) and CVD events (21). Our
findings lend support to the American
Academy of Pediatrics’ recommendation
and suggest that encouraging children
with type 1 diabetes to watch less televi-
sion may be important for improved
blood glucose control and better health
outcomes.

Acknowledgments— The authors thank the
following members of the Norwegian Study
Group of Childhood Diabetes who partici-
pated in data collection in this study: Halvor
Bævre, Ola Talleraas, Sigurd Børsting, Helge
Vogt, Hans Jakob Bangstad, Hilde Bjørn-
dalen, Kjell Stensvold, Bjørn Halvorsen, and
Kristin Hodnekvamm. Knut Lande and Kari
Oppsiøn were responsible for centralized
A1C analysis. Siv Janne Kummrnes and Beth
Tyrdal were responsible for study coordinat-
ing functioning.

References
1. Kronenberg F, Pereira MA, Schmitz MK,

Arnett DK, Evenson KR, Crapo RO,
Jensen RL, Burke GL, Sholinsky P, Ellison
RC, Hunt SC: Influence of leisure time
physical activity and television watching
on atherosclerosis risk factors in the
NHLBI Family Heart Study. Atherosclero-
sis 153:433–443, 2000

2. Sidney S, Sternfeld B, Haskell WL, Jacobs
DR Jr, Chesney MA, Hulley SB: Television
viewing and cardiovascular risk factors in
young adults: the CARDIA study. Ann Epi-
demiol 6:154–159, 1996

3. Jakes RW, Day NE, Khaw KT, Luben R,
Oakes S, Welch A, Bingham S, Wareham
NJ: Television viewing and low participa-
tion in vigorous recreation are indepen-
dently associated with obesity and markers
of cardiovascular disease risk: EPIC-Nor-
folk population-based study. Eur J Clin Nutr
57:1089–1096, 2003

4. National Institutes of Health Consensus
Development Panel on Physical Activity
and Cardiovascular Health: Physical ac-
tivity and cardiovascular health. JAMA
276:241–246, 1996

5. Paffenbarger RS Jr, Hyde RT, Wing AL,
Lee IM, Jung DL, Kampert JB: The associ-Figure 1—Relationship between hours of watching television and A1C.

Table 3—TV viewing according to A1C, age, BMI z score and insulin dose

Variable
Crude estimate

(95% CI) P value Adjusted (95% CI)* P value

A1C (%) 0.22 (0.15–0.30) �0.001 0.19 (0.10–0.27) �0.001
Age (years) 0.06 (0.03–0.09) �0.001 0.05 (0.01–0.08) 0.01
BMI z score 0.01 (�0.10 to 0.12) 0.88 �0.006 (�0.12 to 0.11) 0.91
Insulin dose

(units � kg�1 � day�1)
0.47 (0.18–0.76) 0.001 0.13 (�0.19 to 0.44) 0.42

*Adjusted for all other variables in the table with multiple regression analysis.

Margeirsdottir and Associates

DIABETES CARE, VOLUME 30, NUMBER 6, JUNE 2007 1569

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/30/6/1567/597663/zdc00607001567.pdf by guest on 10 April 2024



ation of changes in physical-activity level
and other lifestyle characteristics with
mortality among men. N Engl J Med 328:
538–545, 1993

6. Dietz WH Jr, Gortmaker SL: Do we fatten
our children at the television set? Obesity
and television viewing in children and ad-
olescents. Pediatrics 75:807–812, 1985

7. Robinson TN, Hammer LD, Killen JD,
Kraemer HC, Wilson DM, Hayward C,
Taylor CB: Does television viewing in-
crease obesity and reduce physical activ-
ity? Cross-sectional and longitudinal
analyses among adolescent girls. Pediat-
rics 91:273–280, 1993

8. Robinson TN: Reducing children’s televi-
sion viewing to prevent obesity: a ran-
domizedcontrolledtrial.JAMA282:1561–
1567, 1999

9. DuRant RH, Baranowski T, Johnson M,
Thompson WO: The relationship among
television watching, physical activity, and
body composition of young children. Pe-
diatrics 94:449–455, 1994

10. Dennison BA, Erb TA, Jenkins PL: Televi-
sion viewing and television in bedroom
associated with overweight risk among
low-income preschool children. Pediatrics
109:1028–1035, 2002

11. Hu FB, Li TY, Colditz GA, Willett WC,
Manson JE: Television watching and
other sedentary behaviors in relation to
risk of obesity and type 2 diabetes melli-
tus in women. JAMA 289:1785–1791,
2003

12. Dunstan DW, Salmon J, Owen N, Arm-
strong T, Zimmet PZ, Welborn TA, Cam-
eron AJ, Dwyer T, Jolley D, Shaw JE:
Physical activity and television viewing in
relation to risk of undiagnosed abnormal
glucose metabolism in adults. Diabetes
Care 27:2603–2609, 2004

13. Hancox RJ, Milne BJ, Poulton R: Association
between child and adolescent television
viewing and adult health: a longitudinal
birth cohort study. Lancet 364:257–262,
2004

14. Dunstan DW, Salmon J, Owen N, Arm-
strong T, Zimmet PZ, Welborn TA, Cam-
eron AJ, Dwyer T, Jolley D, Shaw JE:
Associations of television viewing and
physical activity with the metabolic syn-
drome in Australian adults. Diabetologia
48:2254–2261, 2005

15. American Academy of Pediatrics: Chil-
dren, adolescents, and television. Pediat-
rics 107:423–426, 2001

16. Rideout V, Roberts DF, Foehr UG: Gen-

eration M: Media in the Lives of 8–18 Year
Olds. Pub. no. 7251, p. 1–41. Washing-
ton, DC, Kaiser Family Foundation, 2005

17. Rideout V, Vandewater EA, Wartella EA:
Zero to Six: Electronic Media in the Lives of
Infants, Toddlers and Preschoolers. Pub. no.
3378, p. 1–35. Washington, DC, Kaiser
Family Foundation, 2005

18. Endestad T, Brandtzæg PB, Heim J, Torg-
ersen L, Kaare BH: A Digital Childhood.
Oslo, NOVA-Norwegian Social Research,
2005

19. Dahl-Jorgensen K, Larsen JR, Hanssen KF:
Atherosclerosis in childhood and adoles-
cent type 1 diabetes: early disease, early
treatment? Diabetologia 48:1445–1453,
2005

20. Larsen J, Brekke M, Sandvik L, Arnesen
H, Hanssen KF, Dahl-Jorgensen K: Silent
coronary atheromatosis in type 1 diabetic
patients and its relation to long-term gly-
cemic control. Diabetes 51:2637–2641,
2002

21. Nathan DM, Cleary physical activity,
Backlund JY, Genuth SM, Lachin JM, Or-
chard TJ, Raskin P, Zinman B: Intensive
diabetes treatment and cardiovascular
disease in patients with type 1 diabetes.
N Engl J Med 353:2643–2653, 2005

22. Nathan DM, Lachin J, Cleary P, Orchard
T, Brillon DJ, Backlund JY, O’Leary DH,
Genuth S: Intensive diabetes therapy and
carotid intima-media thickness in type 1
diabetes mellitus. N Engl J Med 348:
2294–2303, 2003

23. Kuczmarski RJ, Ogden CL, Grummer-
Strawn LM, Flegal KM, Guo SS, Wei R,
Mei Z, Curtin LR, Roche AF, Johnson CL:
CDC growth charts: United States. Adv
Data 314:1–27, 2000

24. Feldman DE, Barnett T, Shrier I, Rossig-
nol M, Abenhaim L: Is physical activity
differentially associated with different
types of sedentary pursuits? Arch Pediatr
Adolesc Med 157:797–802, 2003

25. Ligtenberg PC, Blans M, Hoekstra JB, van
der Tweel I, Erkelens DW: No effect of
long-term physical activity on the glyce-
mic control in type 1 diabetes patients: a
cross-sectional study. Neth J Med 55:59–
63, 1999

26. Roberts L, Jones TW, Fournier physical
activity: Exercise training and glycemic
control in adolescents with poorly con-
trolled type 1 diabetes mellitus. J Pediatr
Endocrinol Metab 15:621–627, 2002

27. Ramalho AC, de Lourdes LM, Nunes F,
Cambui Z, Barbosa C, Andrade A, Viana

A, Martins M, Abrantes V, Aragao C,
Temistocles M: The effect of resistance
versus aerobic training on metabolic con-
trol in patients with type-1 diabetes mel-
litus. Diabetes Res Clin Pract 72:271–276,
2006

28. Ainsworth BE, Haskell WL, Leon AS, Ja-
cobs DR Jr, Montoye HJ, Sallis JF, Paffen-
barger RS Jr: Compendium of physical
activities: classification of energy costs of
human physical activities. Med Sci Sports
Exerc 25:71–80, 1993

29. Klesges RC, Shelton ML, Klesges LM: Ef-
fects of television on metabolic rate: po-
tential implications for childhood obesity.
Pediatrics 91:281–286, 1993

30. Jeffery RW, French SA: Epidemic obesity
in the United States: are fast foods and
television viewing contributing? Am J
Public Health 88:277–280, 1998

31. Matheson DM, Killen JD, Wang Y, Varady
A, Robinson TN: Children’s food con-
sumption during television viewing. Am J
Clin Nutr 79:1088–1094, 2004

32. Woodard EH: Media in the Home 2000:
The Fifth Annual Survey of Parents and Chil-
dren. College Park, physical activity, The
Annenberg Public Policy Center of the
University of Pennsylvania, Survey Series,
2000

33. Simonen RL, Perusse L, Rankinen T, Rice
T, Rao DC, Bouchard C: Familial aggrega-
tion of physical activity levels in the Que-
bec Family Study. Med Sci Sports Exerc 34:
1137–1142, 2002

34. Gordon-Larsen P, McMurray RG, Popkin
BM: Determinants of adolescent physical
activity and inactivity patterns. Pediatrics
105:E83, 2000

35. Lindquist CH, Reynolds KD, Goran MI:
Sociocultural determinants of physical ac-
tivity among children. Prev Med 29:305–
312, 1999

36. Schmitz KH, Lytle LA, Phillips GA, Mur-
ray DM, Birnbaum AS, Kubik MY: Psy-
chosocial correlates of physical activity
and sedentary leisure habits in young ad-
olescents: the Teens Eating for Energy and
Nutrition at School Study. Prev Med 34:
266–278, 2002

37. Burdette HL, Whitaker RC, Kahn RS, Har-
vey-Berino J: Association of maternal obe-
sity and depressive symptoms with
television-viewing time in low-income
preschool children. Arch Pediatr Adolesc
Med 157:894–899, 2003

Television viewing and blood glucose control

1570 DIABETES CARE, VOLUME 30, NUMBER 6, JUNE 2007

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/30/6/1567/597663/zdc00607001567.pdf by guest on 10 April 2024


