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Abstract

Objective: It is debated whether the intake of added sugar displaces micronutrient-
rich foods and dilutes the nutrient density of the diet, and whether there is a link
between sugar and the increased rate of obesity. The objectives of this study were to
examine the effect of added sugar on the intakes of energy, micronutrients, fruit and
vegetables, and to examine the association between intake of added sugar and age,
sex, body mass index, physical activity, inactivity and parents’ education.

Design: Participants recorded their food intake in pre-coded food diaries for 4 days
and filled in a questionnaire about physical activity, watching television (TV)/using a
personal computer (PC) and parents’ education.

Subjects: Three hundred and ninety-one 4-year-olds, 810 students in the 4th grade (9
years old) and 1005 in the 8th grade (13 years old) were included in the study.
Results: The intakes of all nutrients, except a-tocopherol among 4-year-olds and
vitamin C among 4-year-olds and 4th graders, decreased with increasing content of
added sugar in the diet. Moreover, high consumers of added sugar had a 30—40%
lower intake of fruit and vegetables than did low consumers. A negative association
was observed between consumption of added sugar and body mass index among
girls in the 8th grade (P = 0.013), whereas a positive association was observed among
4-year-old boys (P = 0.055). Associations between physical activity, hours spent
watching TV/using a PC, parents’ education and the energy intake from added sugar
varied in the different age groups.

Conclusions: This study showed a negative association between the intake of added
sugar and intakes of micronutrients, fruit and vegetables. The negative association
between sugar intake and intake of fruit and vegetables is important from a public
health perspective, since one of the main health messages today is to increase current
intake of fruit and vegetables.
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It is debated whether the intake of added sugar displaces
micronutrient-rich foods and dilutes the nutrient density of
the diet'™® and furthermore whether there is a link
between sugar and the increased rate of obesity®>. In the
Nordic countries it is recommended to limit added sugar to
a maximum of 10% of total energy intake for children and
for adults with a low energy intake’. The arguments for
having these guidelines are that sugar is the main cause of
dental caries, and that a high intake of sugar may displace
micronutrient-rich foods from the diet and make it difficult
to achieve sufficient intakes of nutrients and dietary fibre’.
In the case of dental caries there is consensus about the
relationship between frequency of sugar intake and the
incidence of decay'®'*. However, there is no consensus in
the literature on whether high consumption of sugar
displaces micronutrient-rich foods from the diet and
decreases the intakes of essential nutrients. Several
researchers have reported a higher intake of essential
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nutrients with increasing sugar intake'~>
have reported a clear negative effect of sugar intake on
nutrient densityz’G_S. Only a few studies have looked at the
association between added sugar intake and intakes of
fruit and vegetables'*’. The beneficial health effects of a
high intake of fruit and vegetables are well known and a
low intake of these food items may be negative for health
even if the intakes of micronutrients are acceptable'*'.
During past decades, body weight has increased among
adolescents world-wide'*. High intakes of fat, sugar, junk
foods and soft drinks, and low physical activity, are some
factors suggested to have caused this increase. Only a few
studies have evaluated the association between body mass
index (BMD and sugar intake among children and
adolescents®*!>. Lewis et al.* found that children with a
high percentage of energy from added sugar tended to
weigh less than children with a moderate consumption of
added sugar, while Ludwig et al.'® found that, for each
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additional serving of sugar-sweetened drink consumed,
BMI and frequency of obesity increased.

In the present study we evaluated whether a high added
sugar intake reduces the intakes of essential nutrients and
the intake of fruit and vegetables among children and
adolescents. Furthermore, we wanted to see if there was
an association between intake of sugar and age, sex, BMI,
physical activity, inactivity and parents’ education.

Methods

Subjects

A random, nationally representative sample of 106
schools (53 primary and 53 secondary schools) from
53 municipalities was drawn by Statistics Norway to
participate in this study. Nine schools refused to
participate, and seven other randomly chosen schools
in the same municipality were included. One school
completed their recording too late to be included in the
survey. In total, 103 of 106 schools and 1835 of 2214
invited students responded, which represents a partici-
pation rate of 83%. A total of 20 students were excluded,
14 because they only recorded their intake for 3 days and
six because they were only 3rd graders. The final sample
consisted of 1815 children, 810 in the 4th grade (9 years
old) and 1005 in the 8th grade (13 years old), with a
participation rate of 81% and 84% for the 4th and 8th
grade, respectively.

Four-year-olds were recruited through child health
centres. Statistics Norway established a sample of child
health centres in 11 urban and 22 rural municipalities.
Child health centres in nine urban and 18 rural
municipalities wanted to participate in the study. Centres
that did not wish to participate were replaced by new
centres. In total 38 child health centres were included in
the analysis, 25 from rural and 13 from urban munici-
palities. Invitation letters were sent to 746 4-year-olds, of
these 126 did not meet at their health control at the child
health centre and could not participate. Information was
given to 511 4-year-olds, whereof 394 completed the food
recording. Three children were excluded, two because
they were ill during recording and one because the diaries
were not filled in correctly. The final sample consisted of
391 4-year-olds, which represents a participation rate of
52%.

The regional ethical committee approved the study.
Informed consent was obtained from the parents and the
13-year-old students.

Design

Data collection among students in the 4th and 8th grades
was carried out from September to the first week of
December 2000. The students received an invitation letter
and a short frequency questionnaire at school approxi-
mately two weeks before food recording started. Children
and parents who wanted to participate returned the
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questionnaire and informed consent to the University of
Oslo. A nutritionist visited each class and gave oral and
written instructions on how the diet should be registered.
The participants received four food diaries, a booklet
regarding portion sizes and written instructions.

Data collection among the 4-year-olds was carried out
from August to the first week of December 2001. The
participating child health centres included an invitation
letter to the present study in the invitation for health
control at 4 years of age. Parents who wanted their child to
participate returned the questionnaire and informed
consent at the child health centre when they came for
health control, and met a nutritionist for instructions on
how the diet should be recorded.

All participants were phoned on the second day of their
recording period, to encourage and answer questions.
Participants could call the nutritionist at any time with
questions.

Food diary

The participants recorded their entire food intake for four
consecutive days in an 18-page pre-coded food diary. The
4-day period consisted of three weekdays and one
weekend day. Participants in the 8th grade recorded
their diet themselves, while parents filled in the diary for
the 4-year-olds and students in the 4th grade.

The diary had lists of 277 drinks, food items and dishes
grouped together according to a typical Norwegian diet.
Each food group was supplemented with open-ended
alternatives. The design of the pre-coded food diary was
similar to a cross-table, with food listed on the left and time
span on the top. Food amounts were presented in
predefined household units (e.g. beverage is recorded in
glasses, bread in slices) or as portions estimated from
photographs. Along with the diary each participant
received a photographic booklet which embodied 13
colour photograph series, each with four different portion
sizes ranging from small to large. The photographic
booklet has been evaluated and the results will be
published elsewhere. The participants indicated an eating
event by filling in how many units they had eaten of each
food item in the correct time span. The day was divided
into five time spans (from 06.00 to 10.00, from 10.00 to
14.00, etc.).

Calculations of dietary intake

Data were entered by scanning, using the Teleform
program (6.0) (Datascan, Oslo, Norway). Daily intakes of
foods, energy and nutrients were computed using a food
database and software system developed at the Institute of
Nutrition Research, University of Oslo. The food database
is mainly based on the official food composition table',
and is continuously supplemented with data on new food
items and nutrients. Corrections for losses in cooking are
done when calculating nutrient contents. The use of cod
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liver oil, vitamin and mineral preparations was not
included in the nutrient calculation.

Short questionnaire

The short questionnaire contained questions about height,
weight, physical activity, time spent watching television
(TV)/using a personal computer (PC), and parents’
education. Data on weight and height were given by 290
(74%), 664 (82%) and 825 (82%) of the 4-year-olds, 4th and
8th graders, respectively.

Estimates of basal metabolic rate (BMR) were calculated
from equations based on weight, age and sex'’. A
comparison of energy intakes with estimates of BMR was
used to calculate the number of respondents who
underreported their energy intake. A ratio between energy
intake and BMR of less than 1.06 may indicate under-
reporting of energy intake'®.

The participants reported how often they watched
TV/used a PC each day. The answers were split into three
categories: (1) watch TV/use PC for 1 h or less per day, (2)
watch TV/use PC for 2—3 h per day and (3) watch TV/use
PC for 4 h per day or more. The question about how often
the participants exercised was categorised into (1) active 3
times per month or less, (2) active 1-3 times per week and
(3) active 4—7 times per week.

Parents were asked about their education. Two
categories were formed from this question: short
education (12 years of school or less) and long education
(13 years of school or more).

Definitions
The term ‘added sugar’ refers to refined or industrially
produced sugar used as an ingredient in processed or
prepared foods such as cakes and cookies, soft drinks
and ice cream, or added at home in the kitchen or at the
table’. Added sugar does not include naturally occurring
mono- and disaccharides in fruits, juices and milk.

The percentage of overweight children was estimated
using Cole et al’s definitions of overweight according
to age'”.

Statistical analysis

Sample means with standard deviation are presented.
Differences between means were tested with the
Independent-samples #test. To analyse the consequences
of high sugar intake, children were divided into quartiles
of percentage energy from added sugar. Differences
between quartiles were assessed by one-way analysis of
variance. For further analysis the lowest and highest
quartiles of percentage energy from added sugar are
compared, which are referred to hereafter as low and
high added sugar consumers, respectively. To test the
relationship between categorical variables the Chi-square
test for independence was used. Data are presented for the
three different age groups and are not separated by
gender. However, when differences between boys and
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girls were found, these are commented on in the text.
Significance levels were two-sided. Data were analysed
using SPSS 11.0 (SPSS, Inc., Chicago, IL, USA).

Results

The intake of energy from added sugar increased from 4-
year-olds to students in the 8th grade (P < 0.000). On
average, 4-year-olds and students in the 4th and 8th grades
had a mean added sugar intake of 55, 80 and 95 gday ™!,
respectively, accounting for 15.1, 16.8 and 18.4% of energy
intake.

Mean intakes of energy, macro- and micronutrients
across the quartiles of percentage of energy from added
sugar are given in Tables 1-3. There were no significant
differences in energy intake across the quartiles of added
sugar for all age groups. The intakes of all nutrients, except
vitamin C among 4-year-olds and 4th graders and a-
tocopherol among 4-year-olds, decreased from the lowest
to the highest quartile of added sugar intake. The
difference in micronutrient intake between the lowest
and highest quartile of added sugar ranged from 1 to 42%.
The largest difference was observed for vitamin D among
8th graders, the high consumers of added sugar having a
42% lower intake of vitamin D than the low consumers.
Most of the differences in micronutrient intake between
low and high added sugar consumers were above 20%.
Comparing intakes in the quartiles with the recommen-
dations’, it was found that the average intakes of dietary
fibre, a-tocopherol, vitamin D and iron were lower than
the recommendations in all quartiles and age groups.
Among 8th graders the intakes of calcium, retinol
equivalents and thiamin were at the recommended level
in the lowest quartile of added sugar intake but below the
recommendations in the highest added sugar quartile. This
was also observed for thiamin among 4-year-olds and 4th
graders. The intakes of riboflavin among 4-year-olds and
4th graders and vitamin C in all age groups were at
recommended levels in all quartiles. When supplements
were included the same decrease of nutrient intakes across
the quartiles of added sugar as discussed above was
observed. However, the intakes of vitamin D and iron
were at the recommended levels in the first and second
quartile of sugar intake for all age groups; this was not
observed in the results without supplements.

The total intake of fruit and vegetables decreased with
increased intake of added sugar for all age groups
(Tables 1-3). Total intake of fruit and vegetables for
4-year-olds was 37% lower among the children in the
highest quartile of added sugar intake compared with
children in the lowest quartile. The corresponding
percentage for 4th graders was 33% and 42% for 8th
graders. Looking at fruit and vegetables separately, the
same decrease in intake across quartiles of added sugar
intake was observed; however, only borderline significant
for fruit among 4-year-olds. Intake of vegetables
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Table 1 Intakes of energy, nutrients and selected foods in quartiles of energy from added sugar, 4-year-olds (supplements not included).
Values are expressed as mean (standard deviation)

Percentage energy from added sugar

Qt* Q2 Q3 Q4*

<114 11.4-14.6 14.6-18.4 >18.4 Q1-Q4

(n=297) (n=298) (n=98) (n=98) P-valuet (% difference)t NNR§
Energy (MJ) 6.2 (1.3) 6.1 (1.3) 6.4 (1.4) 6.1 (1.4) 0.447 - 6.8/7.11
Protein (% energy) 15.7 (2.2) 14.4 (2.1) 13.7 (1.7) 12.5 (1.8) 0.000 - -
Fat (% energy) 34.7 (4.4) 32.6 (4.5) 32.7 (4.7) 29.8 (4.3) 0.000 - -
Saturated fat (% energy) 15.1 (2.5) 14.1 (2.5) 14.4 (2.2) 13.1 (2.2) 0.000 -
Carbohydrates (% energy) 49.6 (4.9) 53.0 (4.7) 53.6 (4.7) 57.7 (4.5) 0.000 - -
Added sugar (% energy) 8.8 (2.0) 13.0 (0.9) 16.4 (1.1) 22.3 (4.2) 0.000 - -
Fibre (g) 13.8 (6.1) 12.4 (4.0) 11.2 (3.5) 10.2 (3.4) 0.000 26 3gMJ~’
Retinol equivalents (ng) 1075 (541) 990 (1250) 817 (400) 744 (400) 0.006 31 500
a-Tocopherol (n.g) 4.8 (1.5) 4.6 (1.3) 4.5 (1.5) 4.2 (1.4) 0.083 13 6
Vitamin D (ug) 2.9 (2.4) 2.6 (1.6) 2.5(1.8) 22(1.7) 0.050 24 5
Thiamin (mg) 0.9 (0.2) 0.9 (0.2) 0.8 (0.2) 0.7 (0.2) 0.000 22 0.8
Riboflavin (mg) 1.3(0.3) 1.2 (0.3) 1.3 (0.4) 1.1 (0.3) 0.000 15 1.0
Vitamin C (mg) 68 (32) 66 (31) 62 (29) 69 (33) 0.470 1 45
Calcium (mg) 730 (225) 650 (176) 710 (208) 605 (212) 0.000 17 600
Iron (mg) 7.1 (2.4) 6.8 (2.0) 6.6 (2.1) 5.9 (1.7) 0.001 16 8
Fruit and vegetables (g) 277 (142) 251 (133) 198 (127) 174 (106) 0.000 37 -
Fruit (g) 101 (71) 81 (61) 64 (48) 73 (57) 0.070 28 -
Vegetables (g) 75 (63) 57 (36) 45 (45) 41 (40) 0.000 45 -
Fruit juices (g) 59 (77) 80 (92) 63 (90) 40 (61) 0.007 32 -
Potatoes (g) 41 (43) 34 (32) 26 (27) 21 (26) 0.000 49 -

*Quartiles of percentage of energy consumed from added sugar.

1 One-way analysis of variance.

} Percentage difference between Q1 and Q4 in micronutrient intake (Q1-Q4/Q1).
§ Nordic Nutrition Recommendations.

Y Recommendations for girls/boys.

Table 2 Intakes of energy, nutrients and selected foods in quartiles of energy from added sugar, 4th graders (supplements not included).
Values are expressed as mean (standard deviation)

Percentage energy from added sugar

Qt* Q2 Q3" Q4*
<12.6 12.7-16.5 16.6—20.2 >20.2 Q1-Q4

(n=202) (n=203) (n=203) (n=202) P-valuet (% difference)t NNR§
Energy (MJ) 8.2 (2.2) 8.3 (2.1) 8.2 (1.8) 8.0 (2.1) 0.406 - 7.5/8.59
Protein (% energy) 16.0 (2.5) 14.6 (2.1) 14.0 (2.0) 12.6 (1.9) 0.000 - -
Fat (% energy) 34.3 (5.5) 32.2 (4.8) 31.3(3.9) 28.5 (5.1) 0.000 - -
Saturated fat (% energy) 14.6 (2.6) 13.9 (2.4) 13.7 (2.2) 12.6 (2.6) 0.000 -
Carbohydrates (% energy) 49.8 (5.9) 53.2 (5.1) 54.7 (4.0) 58.9 (5.7) 0.000 - -
Added sugar (% energy) 9.5 (2.5) 14.6 (1.1) 18.4 (1.0) 24.6 (4.4) 0.000 - -
Fibre (g) 17.1 (8.7) 15.4 (5.9) 14.0 (5.1) 12.7 (5.2) 0.000 26 25-35
Retinol equivalents (j.g) 1160 (672) 1050 (602) 990 (612) 775 (524) 0.000 33 700
a-Tocopherol (.g) 6.4 (2.6) 6.4 (2.3) 6.0 (1.9) 5.5(1.9) 0.000 14 7
Vitamin D (p.g) 3.4 (2.7) 2.9(2.4) 2.7 (1.9) 22(1.7) 0.000 35 5
Thiamin (mg) 1.3 (0.4) 1.2 (0.3) 1.1 (0.3) 0.9 (0.3) 0.000 31 1.0
Riboflavin (mg) 1.6 (0.5) 1.5 (0.5) 1.4 (0.4) 1.4 (0.7) 0.000 25 1.1
Vitamin C (mg) 85 (53) 86 (49) 84 (38) 82 (38) 0.834 4 45
Calcium (mg) 930 (345) 880 (325) 803 (276) 730 (280) 0.000 22 700
Iron (mg) 9.6 (3.5) 9.1 (2.8) 8.5 (2.5) 7.9 (2.5) 0.000 18 10
Fruit and vegetables (g) 291 (205) 265 (168) 248 (136) 196 (122) 0.000 33 -
Fruit (g) 94 (112) 73 (66) 74 (75) 63 (57) 0.044 33 -
Vegetables (g) 73 (70) 75 (76) 64 (56) 50 (43) 0.000 32 -
Fruit juices (g) 79 (125) 72 (120) 69 (92) 54 (88) 0.110 32 -
Potatoes (g) 45 (43) 45 (42) 40 (37) 29 (36) 0.000 36 -

*Quartiles of percentage of energy consumed from added sugar.

1 One-way analysis of variance.

} Percentage difference between Q1 and Q4 in micronutrient intake (Q1-Q4/Q1).
§ Nordic Nutrition Recommendations.

9 Recommendations for girls/boys.
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Table 3 Intakes of energy, nutrients and selected foods in quartiles of energy from added sugar, 8th graders (supplements not included).

Values are expressed as mean (standard deviation)

Percentage energy from added sugar

Q1 Q2 Q3* Q4*
<134 13.4-18.0 18.1-22.8 >22.8 Q1-Q4

(n=251) (n=203) (n=203) (n=251) P-valuet (% difference)t NNR§
Energy (MJ) 8.7 (3.0) 9.0 (3.5) 8.6 (2.8) 8.7 (3.3) 0.456 - 8.4/9.89
Protein (% energy) 16.8 (3.2) 14.9 (2.4) 13.9 (2.4) 12.3 (2.4) 0.000 - -
Fat (% energy) 33.0 (5.6) 31.7 (5.1) 30.3 (4.4) 27.5 (4.8) 0.000 - -
Saturated fat (% energy) 14.2 (2.9) 13.9 (2.5) 13.4 (2.4) 12.3 (2.7) 0.002 - -
Carbohydrates (% energy) 50.2 (6.2) 53.4 (5.4) 55.8 (4.6) 60.2 (5.5) 0.000 - -
Added sugar (% energy) 9.8 (2.8) 15.9 (1.3) 20.2 (1.3) 27.9 (4.7) 0.000 - -
Fibre (g) 17.4 (8.9) 16.3 (8.3) 13.6 (5.6) 12.1 (6.1) 0.000 30 25-35
Retinol equivalents (g) 1240 (3120) 890 (590) 850 (960) 770 (1410) 0.020 39 800/9001
a-Tocopherol (p.g) 7.5(3.8) 7.3 (4.0) 6.7 (3.5) 6.0 (3.5) 0.000 20 8
Vitamin D () 3.1(3.3) 3.0 (3.1) 2.3 (2.2) 1.8 (1.6) 0.000 42 5
Thiamin (mg) 1.3 (0.5) 1.2 (0.5) 1.1 (0.4) 0.9 (0.5) 0.000 31 1.0/1.29
Riboflavin (mg) 1.6 (0.7) 1.5 (0.7) 1.3 (0.5) 1.2 (0.6) 0.000 25 1.2/1.49
Vitamin C (mg) 95 (58) 96 (67) 85 (55) 81 (49) 0.006 15 50
Calcium (mg) 960 (449) 900 (439) 810 (400) 760 (440) 0.000 21 900
Iron (mg) 10.5 (4.1) 9.8 (4.4) 8.8 (3.0) 8.6 (3.6) 0.000 18 12-18/129
Fruit and vegetables (g) 317 (228) 288 (229) 230 (172) 185 (144) 0.000 42 -
Fruit (g) 75 (98) 60 (75) 54 (68) 35 (55) 0.000 53 -
Vegetables (g) 89 (101) 80 (77) 60 (57) 49 (50) 0.000 45 -
Fruit juices (g) 102 (160) 99 (158) 78 (131) 65 (107) 0.009 36 -
Potatoes (g) 50 (48) 49 (54) 37 (40) 36 (45) 0.000 28 -

*Quartiles of percentage of energy consumed from added sugar.
1 One-way analysis of variance.

1 Percentage difference between Q1 and Q4 in micronutrient intake (Q1-Q4/Q1).

§ Nordic Nutrition Recommendations.
Y Recommendations for girls/boys.

decreased by 45% for both 4-year-olds and 8th graders
from the lowest to the highest quartile of added sugar
intake.

Sources of added sugar were quite similar between the
low and high groups of added sugar consumers, although
the proportions from different sources varied (Table 4).
Among children with a high intake of sugar, soft drinks
contributed 46—53% of the intake of added sugar, while
soft drinks contributed 25-36% of the added sugar among
children with a lower intake of added sugar. Low added
sugar consumers had a higher proportion of added sugar
from dairy products than did the high consumers of added
sugar (12—-22% vs. 5—-11%).

BMI and percentage of overweight children among low
and high added sugar consumers are presented in Tables 5
and 6. No differences were found between low and high

added sugar consumers regarding BMI and proportions of
overweight, except for BMI among girls in the 8th grade
(P=0.013, Table 5) and among 4-year-old boys
(P=0.055, Table 6). Low added sugar consumers
among girls in the 8th grade had a higher BMI than
those who were high added sugar consumers. The
opposite was observed among 4-year old boys, where
low added sugar consumers had a lower BMI than high
added sugar consumers. Moreover, no significant differ-
ences were found in the proportions of underreporters of
energy intake between high and low added sugar
consumers in all age groups, but the proportions of
underreporters were much higher among 8th graders than
among the other age groups.

Among 4-year-olds with low added sugar intake, a
higher percentage of mothers had long education (61%)

Table 4 Mean contribution (%) of added sugar in the diet from different food groups in the low and high added sugar consumer groups

4-year-olds 4th graders 8th graders
Q1 Q4 Qt1* Q4* Qt1* Q4
(n=97) (n=98) P-valuet (n=202) (n=202) P-valuet (n=251) (n=251) P-valuet
Soft drinks/lemonade 25 46 0.000 31 47 0.000 36 53 0.000
Sugar & sweets 23 20 0.098 28 27 0.788 25 27 0.160
Cakes 11 10 0.319 10 7 0.003 9 6 0.000
Dairy products 22 11 0.000 12 6 0.000 12 5 0.000
Jam 8 6 0.072 8 4 0.000 6 2 0.000
Other products 10 9 0.348 12 8 0.008 11 6 0.000

*First and fourth quartile of percentage of energy consumed from added sugar.

T Two-sample ttest.
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Table 5 Distribution of BMI (mean (standard deviation)) and percentage of overweight and underreporters among low and high added
sugar consumers (girls)

4-year-olds 4th graders 8th graders
Q1* Q4+ Q1* Q4* Qt* Q4*
(n=29)t (n=45) P-valuex (n=69)t (n=103) P-valuef (n=96)t (n=112) P-valuet
BMI (kgm2) 15.7 (1.5) 16.1 (1.7) 0.341 174 (2.8) 16.8(3.0) 0.236 19.4 (3.1) 185(2.2) 0.013
Overweight (%) 13.8 9.1 0.529 21.2 15.5 0.346 11.5 71 0.282
EI/BMR <1.06 (%) 0 4.4 0.250 7.2 5.8 0.709 22.0 18.6 0.538

BMI — body mass index; El — energy intake; BMR — basal metabolic rate.

* First and fourth quartile of percentage of energy consumed from added sugar.

1 Two-sample ttest for BMI and Chi-square test for % overweight.

3 Numbers of children in the two quartiles (Q1 and Q4) differ since not all children gave data on their weight and height.

Table 6 Distribution of BMI (mean (standard deviation)) and percentage of overweight and underreporters among low and high added
sugar consumers (boys)

4-year-olds 4th graders 8th graders
Q1 Q4* Qt1* Q4* Qt* Q4*
(n=236)T (n=32) P-valuex (n=103)t (n=80) P-valuet (n=107)t (n=101) P-valuet
BMI (kg m’z) 15.7 (1.3) 16.3(1.4) 0.055 16.8 (2.5) 17.2 (2.8) 0.312 18.9 (2.3) 18.9 (2.7) 0.816
Overweight (%) 5.7 13.3 0.290 14.6 22.7 0.173 10.6 10.3 0.951
EI/BMR <1.06 (%) 2.8 0 0.342 6.8 7.5 0.854 271 24.8 0.699

BMI — body mass index; ElI — energy intake; BMR — basal metabolic rate.

*First and fourth quartile of percentage of energy consumed from added sugar.

1 Two-sample t-test for BMI and Chi-square test for % overweight.

F Numbers of children in the two quartiles (Q1 and Q4) differ since not all children gave data on their weight and height.

than did mothers of high added sugar consumers (45%) There were no significant differences between low and
(Table 7). No significant association between energy high added sugar consumers with regard to time spent on
intake from added sugar and parental education was physical leisure activity, although it was of borderline
observed among 4th- and 8th-grade students. significance for 4th graders. Among 8th graders there was

Table 7 Parental education, physical activity and inactivity for low and high added sugar consumers

4-year-olds 4th graders 8th graders

Q1* Q4* Q1* Q4 Qt1* Q4*
(n=97) (n=98) P-valuet (n=202) (n=202) P-valuet (n=251) (n=251) P-valuet

Mother’s education (%)f

< 13 years 39 55 0.048 58 63 0.276 65 70 0.254
= 13 years 61 45 42 37 35 30

Father’s education (%)§
< 13 years 44 57 0.116 59 68 0.084 61 65 0.403
= 13 years 57 43 41 32 39 35

Leisure-time physical activity (%)
< 1 time per week - - - 2 3 10 8
1-3 times per week - - - 35 46 0.066 62 59 0.518
= 4 times per week - - - 63 51 28 33

Inactivity (%)
Watch TV/use PC for 1h 93 85 65 58 35 22
or less per day
Watch TV/use PC for 7 14 0.243 33 40 0.352 48 55 0.010
2-3h per day
Watch TV/use PC for 0 1 2 2 17 22

4 h or more per day

*First and fourth quartile of percentage of energy consumed from added sugar.

1 Chi-square test.

1 Missing data: among 4-year-olds, data are missing for 26 (Q1) and 13 (Q4) persons; among 4th graders, for 24 (Q1) and 16 (Q4) persons; and among 8th
graders, for 53 (Q1) and 35 (Q4) persons.

§ Missing data: among 4-year-olds, data are missing for 25 (Q1) and 17 (Q4) persons; among 4th graders, for 31 (Q1) and 24 (Q4) persons; and among 8th
graders, for 62 (Q1) and 43 (Q4) persons.

Y Missing data: among 4th graders, data are missing for 20 (Q1) and 11 (Q4) persons; and among 8th graders, for 29 (Q1) and 19 (Q4) persons.

|| Missing data: among 4-year-olds, data are missing for 26 (Q1) and 12 (Q4) persons; among 4th graders, for 22 (Q1) and 12 (Q4) persons; and among 8th
graders, for 29 (Q1) and 19 (Q4) persons.
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an association between time spent watching TV/using a
PC and sugar intake for the whole group, and for boys
separately. This was not observed for 4-year-olds and the
4th graders.

Discussion

The present study shows a negative association between
intake of added sugar and intakes of micronutrients. For
fibre and several micronutrients, the intake was lower than
the recommendations in the highest quartile of added
sugar intake. Moreover, a negative association between
added sugar and fruit and vegetables was observed. The
children with the highest added sugar intake had a 30—
40% lower intake of fruit and vegetables than those with
low intake of added sugar. A negative association was
observed between consumption of added sugar and BMI
among girls in the 8th grade, while a borderline significant
positive association was observed between BMI and
intake of sugar among 4-year-old boys.

Compared with the recommendation of a maximum of
10% of energy from added sugar, the intake of energy from
added sugar was on average high for all age groups (15—
18% of energy) in this study. There seems to have been an
increase in the intake of sugar among Norwegian
adolescents during the past few years. In a Norwegian
nation-wide study from 1993, 13-year-old children had an
intake of 11% of energy from added sugar®’. In Danish
surveys from 1999° and 2000%!, children aged 4—14 years
had a somewhat lower energy intake from added sugar
(13-14%) compared with Norwegian children. Similar
levels were observed among Swedish 4—14-year-olds**
and German 4—6-year-olds®. British children aged 4-18
years had a sugar intake of 18% of energy®’, which is
similar to what was found among Norwegian children.
These figures indicate that the intake of sugar is much
higher than recommended in many countries; however,
the consequence of this high intake on the quality of the
diet is still unclear.

Several researchers have reported higher intakes of
essential nutrients with increasing percentage of energy
from sugar' ~® and increasing intake of sugar (gday” D*’.
This effect may be logical if increased sugar intake is
linked to higher intake of energy. However, when energy
intake does not differ with sugar intake as in the present
study, a clear negative effect on nutrient density has been
observed with increasing energy intake from sugar®®~®.
Even if our results support the concept of the ‘displace-
ment theory’ and the percentage decreases in intakes of
nutrients from low to high added sugar consumers are
substantial, the nutritional consequences of increasing
added sugar in the diet differ strongly from one nutrient to
another and across age groups. Among 4-year-olds the
intakes of several micronutrients were at the rec-
ommended level even in the highest quartile of sugar
intake, while this was only the case for vitamin C among
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8th graders. Moreover, the intakes of dietary fibre, vitamin
D, a-tocopherol and iron were below recommended
levels in all four quartiles and age groups. For these three
nutrients and fibre it is even more severe when the intake
decreases with increasing added sugar intake.

In the present study intake of added sugar does not
seem to have an effect on the intake of vitamin C, an effect
that has also been observed by others™°. The explanation
for this is that sweetened lemonade actually contributes
with vitamin C. About 25% of the vitamin C intake among
the high consumers of added sugar derived from
lemonade in our study. Among the low added sugar
consumers, only 7% of the vitamin C intake derived from
lemonade.

It is well known that high intakes of fruit and vegetables
have a positive health effect, especially in relation to
cancer and cardiovascular disease’®'®. Generally, the
intake of fruit and vegetables was low in all age groups
compared with the recommendation of 5 portions of fruit
and vegetables a day (=500gday ' for children).
Furthermore, we observed a negative association between
intake of fruit and vegetables and added sugar for all age
groups. Intake of fruit and vegetables among low added
sugar consumers was 55-63% of the recommended
intake, while the corresponding value was 35-39% for
the high added sugar consumers. For vegetables alone
there was a 45% decrease in intake from low to high added
sugar consumers among 4-year-olds and 8th graders.
Forshee and Storey” found similar results for fruit, but not
for vegetables, among adolescents aged 12—19 years. In
the study by Lewis et al? among 4—10-year-olds, no
association was observed between percentage of energy
from sugar and fruit and vegetables. The same was found
by Rugg-Gunn et al.' among 11-14-year-olds, except
among boys. Boys with high sugar consumption,
expressed as gMJ !, had a lower intake of vegetables
than did those with a low sugar intake. A Norwegian
longitudinal cohort study from age 14 to age 21 showed
that low consumption of fruit and vegetables, as observed
in our study, may persist into adulthood** and continue to
have a negative effect on health.

In our study, 50—70% of the added sugar derived from
soft drinks and sweets. Similar figures were found in a
Danish study by Lyhne and Ovesen® and in two American
studies, by Guthrie and Morton® and Gibney et al.*. Soft
drinks and sweets are characterised by a low content of
micronutrients and may explain the negative association
between intake of added sugar and nutrient intake. Soft
drinks alone contributed on average 40%, and among the
boys in the 8th grade 46%, of the added sugar.

To our knowledge, only one study?® has evaluated the
association between BMI and added sugar among children
and adolescents. Lewis et al.® found that children aged
4-10 years and 11-18 years with a moderate percentage of
energy from added sugar weighed more than did children
with a high consumption of added sugar. Gibson® also
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found an inverse relationship between BMI and total sugar
intake (g day ") among adolescents. However, in this study
sugar also included sugar from fruit and milk®. These
studies are in agreement with what we observed among
the 8th-grade girls: i.e. girls in the highest added sugar
quartile had a lower BMI than girls in the lowest quartile.
Among 4-year-old boys we found the opposite associ-
ation, that the boys in the highest quartile of added sugar
intake had a borderline significant higher BMI than boys in
the lowest quartile. A positive association between sugar
intake and BMI among young children has not been
reported previously. However, the study by Ludwig et al.
supports the hypothesis that sugar may play a role in
increased body weight'>. They examined the relationship
between consumption of sugar-sweetened soft drinks and
childhood obesity, and found that, for each additional
serving of sugar-sweetened drink consumed, the odds of
becoming obese increased by 60%'°. The differences in
BMI observed in the present study for both girls in the 8th
grade and 4-year-old boys across added sugar quartiles
could not be explained by differences in energy intake,
since energy intake did not differ across quartiles.
Moreover, no difference in underreporting of energy
intake across the added sugar quartiles was found in the
two age groups. Physical activity could be an important
explanatory variable according to difference in BMI.
However, there were no differences in physical activity of
8th-grade girls between the lowest and highest added
sugar quartiles, and no physical activity was reported
among the 4-year-olds. It is important to notice the
limitations of our study, which include the dietary data and
data on weight and height being self-reported. This can
disturb the true relationship between sugar intake and
BMI. Furthermore, only 70—-80% of the participants gave
data on height and weight. Among the 4-year-olds data on
weight and height were measured at the child health
centre and recorded there, which should imply that these
data are more reliable than those from the 4th- and 8th-
grade students. The cross-sectional nature of the data
limits, of course, our ability to evaluate causality.

We found an association between mothers’ education
and 4-year-olds’ intake of sugar. Among low added sugar
consumers there was a larger percentage of mothers with
long education compared with high consumers. Similar
results were found in the study by Cullen et al.?®, where
students of parents with shorter education consumed
more soft drinks and total sweetened beverages than did
students of parents with longer education. The same
association was not observed for 4th and 8th graders,
which might imply that parental influence becomes less
important at this age. Neither did we find any association
between physical activity and sugar intake, but among
8th graders there were more students among the high
added sugar consumers who watched TV/used a PC for
4h or more per day compared with low added sugar
consumers.
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Conclusion

In conclusion, the present study shows that the high intake
of added sugar among Norwegian children and adoles-
cents has a negative effect on the intakes of micronutrients
and the intake of fruit and vegetables. The negative
association between sugar intake and intake of fruit and
vegetables is important from a public health perspective,
since one of the main health messages today is to increase
current intake of fruit and vegetables. The negative
association observed between BMI and sugar intake
among 8th-grade girls found in the present study supports
results reported in other studies. However, the positive
association observed between high intake of added sugar
and BMI among 4-year-old boys has not been shown
previously. More studies are required among young
children in relation to added sugar intake and BML.
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