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Abstract

Objective: To provide baseline evidence of sugar-sweetened beverage (SSB)
consumption in a sample of Irish children prior to the introduction of the SSB
tax; to identify the energy contribution of SSB to daily energy intake; and to explore
the association between SSB consumption and overweight/obesity.

Design: Cross-sectional study.

Setting: Primary schools in Cork, Ireland in 2012.

Participants: 1075 boys and girls aged 8-11 years. SSB consumption was assessed
from 3-d food diaries. BMI was used to define obesity (International Obesity
Taskforce definitions). Plausible energy reporters (12 724, 68 % of total sample)
were classified using Schofield equation.

Results: Eighty-two per cent of children with plausible energy intake consumed
SSB. Mean energy intake from SSB was 485 kJ (6 % of total k]). Mean kilojoules
from SSB increased with weight status from 443 kJ for normal-weight children
to 648 kJ for children with overweight/obesity (5-8 and 7-6 % of total kJ, respec-
tively). Mean SSB intake was significantly higher in children with overweight/
obesity than normal-weight children (383 and 315 ml/d). In adjusted analyses, chil-
dren consuming >200 ml/d had an 80 % increased odds of overweight/obesity
compared to those consuming <200 ml/d (OR 1-8, 95 % CI 1.0, 3-5). Family socio-
economic status and lifestyle determinants, including frequency of takeaway con-
sumption and TV viewing, were also significantly associated with SSB
consumption.

Conclusions: SSB account for a substantial proportion of daily energy intake and
are significantly associated with child overweight/obesity. This study provides
baseline data from a sample of children from which the impact of the SSB tax
can be benchmarked.
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Child weight

Ireland has an unacceptably high prevalence of childhood
obesity, with an estimate that 25 % of 9-year-olds live with
overweight/obesity”. Though there are some indications
that the prevalence may be stabilising®, it remains at a level
that imparts significant health-related risk.

The current epidemic of overweight and obesity repre-
sents a public health crisis with the potential to reverse
recent favourable trends in life expectancy®® and under-
mine the financial viability of health systems worldwide.
While effective government policies and actions are
essential to increase the healthiness of food environments,
monitoring the degree of implementation of the policies

*Corresponding author: Email j.harrington@ucc.ie

and actions and impact of these policies is essential to
ensuring progress towards better nutritional health. One
policy measure introduced by the Irish government was
a tax on sugar-sweetened beverages (SSB) from 1 May
2018. Though evidence from other sectors, including
alcohol and tobacco, supports the use of fiscal measures
as legitimate strategies in the public health toolkit, the sup-
port for and effectiveness of this tax is controversial and is a
subject of debate both nationally and internationally*®,
Several countries have chosen to use taxes on foods and
non-alcoholic beverages in an attempt to improve the
quality of people’s diets”® and reduce the prevalence of

© The Authors 2020
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obesity. Some recent evidence from a number of countries
indicates positive population health and economic benefits
of such a tax®%10,

Essential to measuring the impact of this fiscal measure
is a baseline from which to benchmark. The aim of the
current article is to provide evidence of consumption levels
of SSB in Ireland prior to the introduction of a tax; to identify
the energy contribution of SSB to overall energy intake; and
to explore the association between SSB consumption and
weight in a cross-sectional sample of children living in
Cork, Ireland. This will provide baseline data from which
the tax impact on SSB consumption can be assessed in
the short and long terms.

Methods

Study design and sample

Details of the Cork Children’s Lifestyle Study (CCLaS) are
described elsewhere'?. In summary, the study recruited
children in third and fourth classes (years 5 and 6 of
enrolment to primary school) between April 2012 and
June 2013. Schools from the urban area were recruited
using probability proportionate-to-size and purposive
sampling. All schools in the rural area were invited to par-
ticipate. At the school level, twenty-seven out of forty-six
schools participated (response rate 58:6 %), and 1075 out
of 1641 children participated (response rate 65-5%) in
the study. The present study only includes children with
completed food diaries and who had a plausible energy
intake (12 724).

Dietary assessment

Participating children completed a consecutive 3-d food
diary developed for the purposes of this study'?. Diaries
were completed over weekdays (Monday-Friday) and
weekend days (Saturday and Sunday). Overall, 45%
(1 327) of children with plausible energy intake had at least
one weekend data collection day. All data reported here
refer to a daily average of 3-d consumption. Each food item
the child reported in their food diary was entered into the
nutritional analyses software, NetWISP version 4 (Tinuviel
software). All diaries were completed and data entered
according to a specifically developed standard operating
procedure (SOP). Ten per cent of diaries were double-
entered, and all data cleaning was conducted according
to a study-specific SOP.

Assessment of sugar-sweetened beverage intake

SSB intake was assessed from food diaries. The type and
quantity of SSB was reported by the child. The nutritional
software’s output provided information for quantity (mb,
kilojoules and sugars per day from each food/drink type.
SSB consumers were identified using NetWISP’s food item

2235
categorisation. The McCance and Widdowson 7th
edition™ and the Irish Food Composition nutrient

databases"® were used for analysis in NetWISP. Diet car-

bonated soft drinks were disaggregated from the beverage
category and excluded from this SSB category. The bever-
ages that contributed to overall SSB are carbonated soft
drinks, juices or cordials and energy drinks. Each beverage
category was checked to verify that the drink items con-
tained within it had added sugar. All beverages included
contained 5 g sugar/100 ml. The volume (ml) of each bev-
erage category was summed to generate an overall SSB
amount, and this was then divided by the number of food
diary days the child actually completed. SSB consumption
was analysed as a continuous variable (ml/d), and for
multivariate regression analyses, it was collapsed into a cat-
egorical variable: ‘non consumers’, those who had no
reported SSB consumption over the food diary days; low
consumers’, less than one standard household glass
(200 ml/d); and ‘high consumers’, those with reported
consumption >200ml/d. The Irish Healthy Eating
Guidelines suggest a serving size of 200 ml cup to measure
portion sizes. Furthermore, the Irish guidelines suggest that
200 ml is an identifiable portion size for the general popu-
lation, which is useful for public health messages"®.

In this sample, the average amount of sugar (g) that a
200-ml cup of SSB provides is 10-3 g. For ease of interpre-
tation, 200 ml was chosen rather than an uneven number.
The WHO recommends an intake of free sugars of <10 %
of total energy intake'®. The Irish energy recommenda-
tion for 5-12-year-old children is 5858-9205 kJ/d".

Energy misreporting

An energy intake to BMR ratio was calculated for each
child to identify under- or plausible reporters. BMR was
estimated using the method outlined by Schofield
et al"”. Cut-off values for energy intake to BMR were
defined by an equation developed by Goldberg et al.'®,
with updated cut-off points for children, defined by
Black et al'”. Implausible reporters, based on Black’s
equation, were excluded from the analysis (2 348). Data
presented are separated for the full study sample, plausible
and under-reporters (Table 1), while subsequent tables are
for plausible energy reporters only.

Anthropometric measurements and obesity
definition

Children’s height and weight were measured by trained
researchers using standardised methods"?. Age- and
sex-specific International Obesity Taskforce (IOTF) defini-
tions were used to categorise children as normal weight or
overweight/obese?*2D. Data for children’s measured BMI
were available for 99:3 % (n 1068) of the sample.
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Table 1 Sociodemographic and lifestyle characteristic of the Cork Children’s Lifestyle Study population by energy reportingt

Total population*

Plausible**

energy reporters Under-reporters**

Factor n % n % n % P-value
1068 717 68-0 337 32.0
SSB consumption**
Non-consumer 225 214 130 182 95 28-2
Low consumer, <200 ml/d 339 32:2 208 29-1 131 38-9
High consumer, >200 ml/d 489 46-4 378 52-8 111 329 0.000
Child characteristics
Weight category
Normal 797 74-6 586 817 201 59-6
Overweight/obese 271 25.4 131 18-3 136 40-4 0-000
Sex
Boy 620 58-1 427 59-6 184 54.-6
Girl 448 42.0 290 40-5 153 45.4 0-129
Age (years)
8-9 560 52-4 379 52-9 175 51-9
10-11 508 47-6 338 471 162 481 0-778
Parent-reported child TV viewing
<1h/d 224 221 158 231 63 193
1-3h/d 614 60-4 405 59-3 207 63-5
>3 h/d 178 17-5 120 17- 56 172 0-346
Child-reported TV viewing
<1h/d 516 48-9 341 48.0 168 50-0
1-3 h/d 401 379 266 374 131 39.0
>3 h/d 138 13- 101 14.2 36 10- 0-464
Meeting MVPA targetst
Yes 183 22.2 139 24.9 43 16-7
No 643 77-9 421 75-2 215 83-3 0-009
Parent-reported family takeaways
<Once per week 847 84.8 570 84.8 270 844
>Once per week 152 15.2 102 15.2 50 156 0-855
Parental characteristics
Ethnicity
Irish 828 87-2 575 89.0 247 82.9
Other 122 12.8 71 11.0 51 171 0-009
Family type
Single-parent 198 185 127 189 67 20-7
Two-parent 803 75-2 544 81-1 257 79-3 0-513
Parental education
Primary/lower secondary only 106 10-8 68 104 34 107
Higher secondary 189 193 123 188 65 20-4
Certificate/diploma 283 28-9 193 295 90 28-3
Tertiary 401 41.0 271 41.4 129 40-6 0-928

SSB, sugar sweetened beverage.

*Excludes n 7; no BMI data.

**Excludes n 15; no food diary data.

1P-value is the association between factors and energy reporting.

Covariates

Additional socioeconomic and lifestyle behaviours were
provided by participants in self-reported questionnaires
and objective measures of physical activity. Self-reported
child questionnaires were completed in school during class
time, with researchers providing assistance where neces-
sary. Parent-reported questionnaires were completed in
the home and returned by the children.

Demograpbics

Sex (girl or boy) was recorded by trained researchers dur-
ing physical measurements. Child’s age was calculated
using the date of physical measurement and date of birth

}Total study population is 1075, however data presented in this table relate only for children with measured BMI data. Children missing data were excluded from this table (n7).
Data presented for participants with valid objectively measured accelerometry data only.

(parent-reported). Parent-reported highest level of mater-
nal education was used as a proxy measure of socioeco-
nomic status. The variable was coded as primary/lower
secondary education, higher secondary education,
post-secondary education, tertiary education. Ethnic back-
ground was reported in the parental questionnaire. This
was coded as a binary variable as Irish or non-Irish.
Family type was recorded by the parental questionnaire
and coded as single-parent or two-parent.

Parent-reported family takeaway consumption

The frequency of takeaway consumption was assessed
from the parent-reported questionnaire. Parents were
asked to report how often they ordered family takeaways.
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This was coded as a categorical variable: ‘<once a week’
and “>once a week’.

Parent-reported child TV-viewing babits
Child TV-viewing habits were assessed from the parent-
reported and child-reported questionnaires.

Parents reported how much time the child spends
watching TV on a ‘normal weekday during term time’.
This was coded as a categorical variable: ‘<1 h/d’, ‘1-3 h/d’
and ‘>3 h/d’. Children reported how much time they watch
TV each day. This was coded as: ‘<1 h/d’, ‘1-3h/d’ and
>3 h/d.

Physical activity

Details of the objectively measured physical activity levels
have been previously recorded®???. In summary, free-
living physical activity was measured over 7 consecutive
days using a wrist-worn validated tri-axial Geneactiv
accelerometer®?%. The accelerometers were set to record
at 100 Hz for 7 d using the ‘on button press’ setting of
Geneactiv software, version 2.2. The accelerometers were
placed on the non-dominant hand of each participating
child. Children were asked to wear the accelerometers
24 h a day, each day.

Parent-reported questionnaire data were used to iden-
tify the most frequent waking time and bedtime on week
days and weekend days. These data were then used to esti-
mate the number of waking hours each day. The mean
waking time was 14 h/d. To be included in the current
analysis, children needed to have recorded >600 min of
waking time data each day. For children included in the
analysis who had missing wear time information, the data
were scaled to full waking time. Non-wear time was
determined using an algorithm by van Hees et al 9.
Children who engaged in >60 min of moderate to vigorous
physical activity (MVPA) on each of the 7 d were categor-
ised as meeting WHO MVPA recommendations”,

Ethical considerations

All study procedures were approved by the local research
ethics committee. Only children who provided assent
and whose parents/guardians provided written informed
consent participated in the study. Feedback on the physical
measurements was provided to all parents of participating
children in the form of a letter.

Data analysis

Statistical analyses were completed using STATA/IC 13.1
Descriptive results are presented as mean (sp) or median
(IQR) for continuous data, and frequency (percentage)
for categorical data. #Tests and ANOVA were used to
compare mean differences in continuous variables, while

2237

i tests were used to determine differences in categori-
cal data.

Multivariate analyses
Unadjusted estimates of the association between SSB
consumption and child weight status were performed using
a binary logistic regression. Partially adjusted estimates
were obtained by adjusting for sociodemographic variables
and lifestyle behaviours separately in a binary logistic
regression model. Covariates that were statistically signifi-
cant in the partially adjusted logistic regression analyses
were retained for the multivariate fully adjusted logistic
analyses to assess the association between SSB consump-
tion and child overweight/obesity for low consumers
(reference group), non-consumers and high consumers.
Using BMI as a continuous variable, the distribution
of BMI across SSB consumption quintiles was assessed
using fully adjusted kernel density estimates at the upper
cut-points of SSB consumption quintiles.

Results

Descriptive details of the CCLaS study population have
been previously reported'?. Table 1 shows the descriptive
characteristics of all participants, participants with plausible
energy intake and those classified as under-reporters with
measured height, weight and BMI data (72 1068).

Overview of participants in this study

According to IOTF obesity classification, a quarter of
children had overweight/obesity (25 %, 72 271). The major-
ity of participating parents were female (58 %, 7 620), Irish
(87 %, n 828) and from two-parent families (75 %, 7 803).
Over 40 % of the children’s parents (72 401) had a tertiary
qualification. Sixty per cent of parents (12 614) reported that
their children watched between 1-3 h of TV per day, while
38 % (1 401) of children self-reported watching 1-3h TV
per day. The majority of children (78 %, 7 643) did not meet
the daily recommendation for MVPA, while 15 % (n 152)
of parents reported consuming a takeaway more than once
a week (Table 1). Almost half of children (46 %, n 489)
were classified as high consumers of SSB (>200 ml/d).
Significant differences were seen in energy reporting
(plausible v. under-reporting) for SSB consumption
status (P < 0-0001), weight category (P < 0-0001), meeting
MVPA targets (P=0:009) and ethnicity (P=0-009)
(Table D).

Child weight status

Child’s physical activity, parent-reported child TV viewing
and level of SSB consumption were significantly associated
with child weight status (Table 2). Significantly more chil-
dren with overweight/obesity, compared to children with
normal weight, watched TV >3 h daily (26 v. 17 % daily),
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Table 2 Descriptive characteristics and details of SSB consumption for plausible energy reporters by weight status and by SSB consumption status
Plausible Overweight/ Non- Low High
reporters™} Normal weight* obese* P-valuet consumers§ consumers§ consumers§
n % n % n % n % n % n % P-value
586 471 80-4 115 19-6 130 182 208 291 378 52-8
Gender
Boy 352 60-1 285 60-5 67 58-3 0-659 75 57.7 122 58.7 230 60-9 0.772
Girl 234 399 186 394 48 41.7 55 423 86 414 148 39-2
Weight category
Normal 471 80-4 - - - 114 877 179 86-1 292 77-3 0-005
Overweight/obese 115 19-6 - - 16 123 29 139 86 22.7
Age
8-9years 307 52-4 247 52-4 60 52.2 0-959 72 55.4 108 51.9 199 52.7 0-841
10-11years 279 47-6 224 47-6 55 47-8 58 44.6 100 481 179 47-4
Parent-reported child TV viewing (h/d)
<1 118 21.2 101 22.5 17 155 0-042 39 315 54 277 64 17-6 0-005
1-3 335 60-0 271 60-5 64 582 70 56-5 109 55.9 226 62-3
>3 105 18-8 76 17-0 29 26-4 15 121 32 16-4 73 20-1
Child-reported TV viewing (h/d)
<1 273 46-9 224 48-0 49 426 0-512 67 52-3 110 53-4 163 434 0-153
1-3 222 381 176 377 46 40-0 44 344 70 34.0 152 40-4
>3 84 14-4 64 137 20 174 17 133 24 11.7 60 16-0
Meeting MVPA targets||
Yes 110 241 98 26-4 12 14-0 0-015 29 284 49 30-3 61 207 0-050
No 347 75-9 273 736 74 86-1 73 716 113 69-8 234 79-3
Parent-reported family takeaways
<Once per week 453 82-8 369 841 84 77-8 0-121 116 93-6 168 875 285 80-3 0-001
>Once perweek 94 17-2 70 16-0 24 22.2 8 6-5 24 12.5 70 197
SSB consumption||
Non-consumer - - - 0-010 - - - -
<200 ml/d 208 35.5 174 36-9 28 244 - - -
>200 ml/d 384 64-5 297 63-1 87 757 - - -
Ethnicity
Irish 475 90-8 380 90-7 95 914 0-836 99 81.2 160 894 315 91.6 0-007
Other 48 92 39 93 9 87 23 189 19 10-6 29 84
Family type
Single-parent 108 199 90 20-5 18 17-3 0-469 19 151 32 16-8 76 215 0-187
Two-parent 436 80-2 350 79-6 86 727 107 849 159 83-3 277 785
Parental education
Primary/lower secondary only 62 11.7 50 116 12 121 0-801 6 4.8 22 11.7 40 11.7 0.0000
Higher secondary 105 198 82 19.0 23 232 18 14.5 32 17-0 73 214
Certificate/diploma 165 311 136 316 29 29-3 28 22-6 51 271 114 333
Tertiary 198 374 163 37 35 35. 72 581 83 44.2 115 33
SSB ml*
Mean 3287 3154 383-1 0-0054 - 1138 447.0 0-0000
SD 234.4 222.0 2739 49.9 2107
Median 268-7 262.7 316-7 110- 390-7
IQR 312.7 293-0 326-7 92.7 290-7
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Table 2 Continued

Plausible Overweight/ Non- Low High
reporters™f Normal weight* obese* P-valuet consumers§ consumers§ consumers§
n % n % n % n % n % n % P-value
SSB kJ*
Mean 1163 106-8 155-3 0-0005 - 43.2 156-6 0-0000
SD 1341 98-4 2246 446 1491
Median 84-3 78-0 997 34.2 1233
IQR 114.3 110-3 123.0 329 114.7
SSB %kJ*
Mean 6-1 5-8 7-6 0-0025 - 2:6 82 0-0000
SD 5.7 5-0 7-9 2:6 6-0
Median 4.6 4.4 5.3 2.0 6-7
IQR 6-3 6-2 7-5 22 6-2
SSB sugars*
Mean 271 24.8 36-6 0-0006 - 10-1 36-5 0-0000
SD 331 241 56-0 11.3 373
Median 18-5 175 228 77 28-8
IQR 28-3 284 320 10- 28-1
SSB %sugars*®
Mean 221 211 26-1 0-0049 - 11.0 28-2 0-0000
SD 17.0 16-3 19-3 10-5 16-8
Median 18-8 18-0 214 8-6 24.7
IQR 22. 22. 23 11 283-

MVPA, moderate to vigorous physical activity.
*Plausible energy reporters and SSB consumers only.

1SSB is defined as carbonated soft drinks (excluding diet drinks), cordials/squash/juices and energy/sports drinks. % denotes the percentage contribution of SSB to overall mean daily energy intake and mean daily sugar intake.
}P-value is the association between SSB consumer category and the factors; 42 test for categorical data and t test for continuous data.

§Plausible energy reporters only.

[[Low consumer <5 g sugars/100 ml SSB, high consumer >5 g sugars/100 ml SSB; non-consumers n 130 (18-2 %).

UDIPIYO Jo smels JySrom ¥ uondwnsuod a8eroaaq Aresng

6£TC


https://www.cambridge.org/core

Public Health Nutrition

oL

Downloaded

2240

did not meet MVPA targets (86 v. 74 %) and consumed
>200ml SSB (76 v. 63%). The volume of consumption
differed statistically significantly in overweight/obese chil-
dren compared to normal-weight children (383 v. 315 ml,
P=0-0054) (Table 2).

Child’s sugar-sweetened beverage consumption

The majority of participants (82 %) were consumers of SSB
(Table 1). The average SSB consumption was 328 ml/d
(a standard unit of SSB available for purchase is 330 mD.
SSB contributed a mean of 6 % of total energy intake and
22 % of total sugar intake. No gender differences in SSB
consumption were evident. However, consumption
differed significantly by child’s weight status. Mean energy
intake from SSB increased from 448 to 649 kJ for children
who were normal weight compared with those with over-
weight/obesity, equating to 5-8 and 7-6 % of total energy
intake, respectively. Mean intake volumes were signifi-
cantly higher in children with overweight/obesity com-
pared to normal-weight children. Average consumption
was 315-5 and 3831 ml/d for normal-weight children and
children with overweight/obesity, respectively. Sugar
intake from SSB and per cent contribution of sugars from
SSB to total sugar intake was significantly higher in children
with overweight/obesity compared to normal-weight
children (Table 2).

Twenty-nine per cent of children (72 208) were ‘low SSB
consumers’ (<200ml/d), 18% (n 130) ‘non-consumers’
and 53% (n 380) ‘high SSB consumers’ (>200 ml/d).
Significantly more children with overweight/obesity com-
pared to normal-weight children were high consumers of
SSB (76 v. 63 %) (Table 2). Child’s SSB consumption status
was significantly associated with parent-reported child TV
viewing (P = 0-005), meeting physical activity recommen-
dation (= 0-050) and eating takeaway meals on a weekly
basis (P=0-001). Children whose parents reported they
watched >3 h TV per day were more likely to be high
SSB consumers (12 73, 20 %) compared to low (12 32, 16 %)
or non-consumers (7 15, 12 %). Of those reporting eating
takeaway meals more than once per week, significantly
more were high SSB consumers than low consumers

JM Harrington et al.

(20 v. 6 %). Ethnicity and parental education are associated
with SSB consumption (Table 2). A higher proportion of
‘Irish’ participants were classified as high SSB consumers,
while a higher proportion of ‘other ethnic backgrounds’
were classified as non- or low consumers (Table 2).
The highest proportion of non-consumers of SSB were
among children of parents with higher levels of education
(58 v. 5% for tertiary education v. primary or secondary
only) (Table 2).

Quantity of sugar-sweetened beverage
consumption in plausible energy reporters
Compared to the total sample (detailed in Table 1), a higher
proportion of plausible energy reporters were ‘high SSB
consumers’ (Table 1) (53 v. 46 %). Across weight catego-
ries, a higher percentage of plausible reporters were
normal weight compared to the total sample. Plausible
reporters were less likely to have overweight/obesity
(18 %) compared to under-reporters (40 %). A subsequent
analysis focused only on plausible energy reporters.

Table 3 displays the contribution of each SSB type to the
overall SSB intake in millilitres, kilojoules and sugars. It also
shows the pattern of consumption over weekdays and
weekends. The mean contribution of fizzy drinks to overall
SSB kilojoules differed between weekdays and weekends.
Weekend contribution was 50-9 %, while the mean contri-
bution during weekdays was 30-6 %.

Unadjusted and partially adjusted analysis

Crude unadjusted estimates of the association between
SSB consumption and child’s weight status are presented
in Table 4. High SSB consumers have an increased odds
of being overweight/obese (OR 1-8, 95% CI 1.1, 2:9)
than low SSB consumers. This association remained stable
in separate analyses after adjusting for individual character-
istics (child’s age and gender), family characteristics
(parental ethnicity, maternal education, marital status
and family type) and child’s lifestyle behaviours (MVPA,
takeaway consumption, TV viewing and average daily
kJ intake) (Table 4).

Table 3 Patterns of SSB consumption by SSB components by weekday and weekends*

Weekdays (n 586)

Weekends (n 274)

Juices/ Juices/
Carbonated squash/ Energy Carbonated squash/ Energy
fizzy drinks cordials drinks fizzy drinks cordials drinks
Mean  sD Mean  sD Mean sb Mean sD Mean  sD Mean  sD
% contribution to overall SSB ml 26-3 395 707 544 53 21.3 480 695 48 67-1 31 16-6
% contribution to overall SSB kJ 306 46.0 668 578 5.0 20-0 509 728 426 667 3.0 16-2
% contribution to overall SSB sugars (g) 322 479 649 588 5.6 24.0 531 742 404 685 35 187

*Weekdays, Monday—Friday; weekends, Saturday and Sunday. nis the number of children with food diary data from at least 1 weekday and the number of children with food
diary data from at least 1 weekend day, and who were plausible energy reporters and SSB consumers.
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Table 4 Unadjusted and partially adjusted logistic regression on the association between SSB consumption (ref: low consumers, <200 mi/d)

and overweight/obesity

Overweight/obesity
Variables in the model OR 95 % ClI P
Unadjusted
Low consumers - 0-012
Non-consumers 0-8 04,16
High consumers 1-8 11,2
Partially adjusted model with different child characteristics
Child’s age, gender
Low consumers - 0-011
Non-consumers 0-9 04,17
High consumers 1.8 11,29
MVPA targets achieved (yes, no)
Low consumers - 0-058
Non-consumers 0-6 03,14
High consumers 1.7 1.0, 2.9
Child-reported TV viewing (<1, 1-3, >3 h/d)
Low consumers - 0-022
Non-consumers 0-8 ,1-6
High consumers 1.7 11
Daily kilojoule intake
Low consumers - 0-022
Non-consumers 0-8 04,17
High consumers 1.7 11,28
Parent characteristics
Parental ethnicity (Irish, other)
Low consumers - 0-007
Non-consumers 0-9 04,18
High consumers 1.99 12,33
Parental education (primary/lower secondary, complete secondary, tertiary level, postgraduate)
Low consumers - 0-003
Non-consumers 11 05,22
High consumers 2:2 1.3, 37
Family type (single-parent, two-parent)
Low consumers - 0-011
Non-consumers 0-9 0-4,1.7
High consumers 1.8 12,29
Parent-reported takeaway food consumption (<once per week, >once per week)
Low consumers - 0-019
Non-consumers 0-8 04,16
High consumers 1.8 11,29

MVPA, moderate to vigorous physical activity.

Multivariate analysis

In multivariate logistic regression (Table 5), the associa-
tions observed in univariate analyses (Table 4) remained
stable. In the fully adjusted model (model 5), high SSB con-
sumers have 80 % increased odds of having overweight/
obesity compared to low SSB consumers (OR 1-8, 95 % CI
1.0, 3-5).

In separate fully adjusted regression analyses (Fig. 1),
clear BMI distribution differences are evident across SSB
consumption quintiles: a one unit difference in BMI score
exists between the highest and the lowest quintiles of SSB
consumption.

Discussion
This study provides evidence of SSB consumption levels in

a sample of Irish children living in Cork city and county
prior to the introduction of a sugar drinks tax. The Sugar

Sweetened Beverage Tax came into effect on 1 May 2018
and applies to water- and juice-based drinks that have
added sugar and a total sugar content of >5 g per 100 ml.
Drink categories that are liable for the tax are flavoured
waters, carbonated drinks, energy/sports drinks and
juice-based drinks. The drink types are detailed using the
Combined Nomenclature (CN) of the European Union
(CN codes 2009 and 2202). There are four key findings.
Firstly, the majority of participants consumed SSB (82 %);
secondly, participants consumed 328 ml SSB per day on
average, which is equivalent to one standard commercial
serving (330 mD); thirdly, SSB contributed to 6 and 8 % of
energy (k)) intake and 22 and 26 % of sugar intake for nor-
mal-weight children and children with overweight/obesity,
respectively; finally, SSB consumption >200 ml is associ-
ated with increased BMI. Clear positive distribution
differences in BMI are evident across SSB consumption
groups.
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Table 5 Multivariate logistic regression of the association between SSB consumption (ref: <1 standard unit (200 ml/d)) and overweight/
obesity*
Outcome: overweight/obesity
Low consumer Non-consumer High consumer
Number in
OR 95 % ClI P-value OR 95 % ClI P-value OR 95 % ClI P-value the model
1 - 0-9 05,17 0-68 1.8 11,29 0-012 716
Model 1 1 - 11 0-5, 2-1 0-86 2.2 1.3, 3.7 0-003 626
Model 2 1 - 0-8 03,19 0-61 2.0 11,37 0-022 499
Model 3 1 - 0.7 03,16 0-37 1.8 1.0, 3-3 0-05 488
Model 4 1 - 0-6 02,16 0-32 1.9 1.0, 35 <0-05 478
Model 5 1 - 0-6 02,16 0-34 1.8 1.0, 3:5 0-06 47

*Model 1: adjusted for child’s age and gender, parental education, family type and ethnicity. Model 2: model 1 + total daily MVPA. Model 3: model 2 + child-reported and parent-
reported child TV viewing. Model 4: model 3 + parent-reported family takeaway consumption. Model 5: model 4 + average daily kJ intake.
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Results in context

Evidence of an association between SSB consumption and
increased weight is compelling®?”. Concurrent with
increasing prevalence of global obesity, a surge in the avail-
ability of ultra-processed foods and beverages occurred®?,
Included in this group of obesogenic foods and beverages
are soft drinks (SSB). Our results are consistent with other
published studies reporting that SSB consumption, which
imparts no nutritional benefit on the individual, contributes
significantly to the overall daily energy intake. US data indi-
cate that SSB consumption contributes >2092 kJ/d in 5 % of
2-11-year-olds®”. NHANES results show that between
2011 and 2014, six in ten youths (63 %) drank an SSB on
a given day; this compares to 82 % in the current study.
Further, evidence suggests that a high intake of these bev-
erages is not accompanied by a reduction in food intake?,

Fig. 1. Kernel density distribution of BMI by quintiles of Sugar Sweetened Beverages consumption

and the lack of this compensation may contribute to the
surplus daily energy consumed.

Strengths and limitations

This study is strengthened by the depth of data on lifestyle,
diet and physical activity collected at an individual and
family level, allowing for an in-depth exploration on the
potential determinants of SSB consumption and its associ-
ation with weight status. The study collected objectively
measured height, weight and BMI data. Additionally, objec-
tively measured physical activity data was collected under
free-living conditions over a 7-d period. The thoroughly
debriefed 3-d food diaries provided comprehensive data
on dietary intake patterns and behaviours, including SSB
consumption.
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Limitations of the study include the cross-sectional
design of the survey, the relatively modest response rate
(67 %) and the issue of measurement error in relation to
the exposure (diet quality) and the self-reported nature
of confounding variables. The study was conducted in
2012, and so it may not be possible to indicate how
consumption levels changed between 2012 and the intro-
duction of the tax in 2018. The study recruited children
from only one region of Ireland, and the sample is predomi-
nantly urban; so caution needs to be exercised in making
inferences for the rest of the Irish population. Further,
active parental permission might depress response rates,
and non-responding children (and parents) are likely to
have less favourable BMI profiles. It was outside of the
scope of this study to follow-up non-responders, and thus
we cannot definitively state that the BMI profile of partici-
pants was similar to that of non-responders. By definition,
we have to be cautious in making causal links in cross-
sectional analyses. However, the findings presented
here are entirely consistent with available data from other
studies. It should be noted that misclassification of expo-
sures and outcomes due to random error would tend to
underestimate the effect sizes, and it was highly likely
that the magnitude of associations seen between SSB con-
sumption and child’s weight has been underestimated.

Conclusion

We provide a baseline from which the impact of the sugar
drinks tax on SSB consumption can be benchmarked. We
provide evidence of a very high level of SSB consumption
among a sample of school-going children in Cork, Ireland,
accounting for a significant proportion of daily energy and
sugar intake. We further provide strong evidence of its
association with overweight/obesity and suggest that
differences in child’s BMI are evident between high and
low SSB consumers at a population level.

Population-based approaches to reduce SSB consump-
tion, as part of a complex systems approach to tackling the
problem of childhood obesity, are a public health neces-
sity. While no single measure might reverse the current
trends in obesity, a multi-component strategy, including
a targeted approach towards improving the food environ-
ment, will be necessary.

Key points

*  SSBimpart no nutritional value to the overall diet, and
high consumption levels are attributed to excess
weight in children.

* To date, the magnitude of SSB consumption and its
contribution to the overall daily energy and sugar
intake of Irish children has not been documented.

2243

*  The majority of children in our study consumed SSB,
accounting for a significant proportion of daily energy
and sugar intake.

*  The study provides strong evidence of an association
between SSB consumption and overweight and
obesity.

*  Our results provide a baseline from which the impact
of the SSB tax, recently introduced in Ireland, on con-
sumption levels of these drinks can be gauged.
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