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Aims To investigate relationships between takeaway food and sugar-sweetened beverage (SSB) consumption with cardio-
metabolic phenotypes during childhood and mid-adulthood.

...................................................................................................................................................................................................
Method Design: Cross-sectional Child Health CheckPoint within the national population-representative Longitudinal Study of

Australian Children. Participants: 1838 children (mean age 11.5 years; 49.1% female) and 1846 adults (mean age 43.7 years;
87.6% female). Exposures: Self-reported takeaway food and SSB consumption (‘frequent’: >_ weekly). Outcomes: Functional
(pulse wave velocity (PWV), blood pressure (BP)) and structural (carotid intima-media thickness, retinal microvascular
calibre) preclinical cardiovascular phenotypes; lipids (total cholesterol, low-density lipoprotein (LDL), high-density lipo-
protein (HDL), triglycerides). Analysis: Linear regression (exposure: takeaway or SSB consumption, individually or to-
gether) adjusted for age, sex and socio-economic position; and mediation analysis for body mass index (BMI).

...................................................................................................................................................................................................
Results Associations were small among children (standardized mean difference (SMD) <_0.15). In adults, associations were

stronger with functional, but not structural, cardiovascular phenotypes and lipids, particularly for frequent takeaway
food consumption (e.g. PWV (0.20 m/s; 95% confidence interval (CI) 0.03 to 0.37); systolic (3.3 mmHg; 95% CI 1.3
to 5.3) and diastolic BP (1.4 mmHg; 95% CI 0.2 to 2.6); LDL (0.10 mmol/L; 95% CI 0.02 to 0.18); HDL (-0.14 mmol/
L; 95% CI -0.19 to -0.10) and triglycerides (0.30 mmol/L; 95% CI 0.12 to 0.48)]. BMI mediated associations between
takeaway food consumption and PWV, BP, HDL and TG (proportion of mediation 34% to 75%), while mediation
effects were smaller for SSB consumption.

...................................................................................................................................................................................................
Conclusions Frequent takeaway food consumption in adults was associated with adverse blood lipids and vascular function

(mainly via BMI). Lack of strong associations in children highlights opportunities for prevention.
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Introduction

Suboptimal diet is a modifiable proximal determinant for cardiovas-
cular disease, which globally is the leading cause of mortality and loss

of disability-adjusted life years.1 Atherosclerotic changes to arteries
begin in childhood and track into adulthood, when cardiovascular dis-
ease occurs.2 The importance of primordial and primary prevention
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in early life to reduce later cardiovascular disease risk is increasingly
recognised.2,3

Diet is a major intervention target, particularly energy-dense take-
away foods and sugar-sweetened beverages (SSB).4,5 Takeaway food
consumption is linked with traditional cardiovascular risk factors in
children and adults; particularly with obesity - the outcome used in
many studies6,7- and also with elevated blood pressure and adverse
lipid profiles.6,7SSB consumption is also associated with adiposity and
elevated blood pressure in children and adults,8–11 but associations
with lipid profiles in children are inconsistent.8,12

Few studies of takeaway foods and SSB have investigated non-
invasive preclinical cardiovascular phenotypes, such as pulse wave
velocity, carotid intima-media thickness (cIMT) and retinal micro-
vascular calibre. A recent study among children (mean age 8.6 years,
n = 309) reported faster pulse wave velocity (0.34 m/s; 95% confi-
dence interval (CI) 0.14 to 0.53) with frequent takeaway food con-
sumption.13 One study of SSB consumption in children (mean age
12 years, n = 2353) reported associations between soft drink
(-1.9mm, p = 0.03) and cordial consumption (-1.8mm, p = 0.002) and
narrower retinal arterioles.14 Among adults, one study (n = 1054) has
demonstrated an association between soft drink consumption and
3.5% increased carotid intima-media thickness (95% CI 1.1 to 5.8).15

However, this study did not include all beverages (e.g. fruit juices),
which are usually classified as SSB.16 Furthermore, several studies of
SSB used convenience samples, thus limiting generalisability.13,14

Importantly, no studies have analysed both takeaway foods and
SSB, which are often consumed together, and none have employed a
comprehensive range of cardiometabolic measures within a
population-based cohort. Such data could inform cardiovascular dis-
ease prevention and public health policy. Therefore, we investigated
this in a population-derived cohort of 11–12-year-old children and
mid-life adults. We examined whether at least weekly (herein
referred to as ‘frequent’) consumption of takeaway food and SSB, in-
dividually or together, was associated with adverse preclinical cardio-
metabolic phenotypes (i.e. pulse wave velocity, blood pressure,
carotid intima-media thickness, retinal microvascular calibre, blood
lipids). In addition, we examined the extent to which body mass index
(BMI) mediated these associations. We hypothesised that frequent
consumption of takeaway foods or SSB is associated with adverse
cardiometabolic phenotypes, particularly if consumed together.

Methods

Study design and participants
We used data from the Child Health CheckPoint,17 a cross-sectional
study nested within the B-cohort of the Longitudinal Study of Australian
Children (LSAC).18 In 2004, LSAC participants were sampled from
Australia’s Medicare healthcare database using postcode-based, two-
stage clustered random sampling to achieve a broadly population-
representative B-cohort sample aged 0–1 years at baseline (n = 5107).18

By wave 6 (2014), 74% of the original sample had been retained
(n = 3764). CheckPoint was conducted from February 2015 to March
2016, between LSAC waves 6 and 7.17 Of the 3513 families invited to par-
ticipate, 1874 attended a CheckPoint assessment (Figure 1). Data were
collected from children aged 11–12 years and one parent.17 The attend-
ing parent provided informed consent for their own and their child’s par-
ticipation. Ethics approval was granted by the Royal Children’s Hospital

Human Research Ethics Committee (HREC33225) and the Australian
Institute of Family Studies Ethics Committee (14–26). We included par-
ticipants if they had provided data on takeaway food or SSB consumption,
and at least one outcome measurement.

Procedures
We invited participants to a Main Assessment Centre in major Australian
cities for a comprehensive 3.5-hour physical health assessment. This
involved children and one parent rotating separately through 17 physical
assessment and bio-specimen collection stations.17 Thus, each parent–
child pair underwent the same assessments using the same protocols,
staff and equipment on the same day. In regional areas, we invited partici-
pants to a Mini Assessment Centre for a 2.5-hour assessment consisting
of 15 stations, which excluded retinal photography. Alternatively, a
shorter 1.5-hour Home Visit consisted of 9 stations, which excluded ca-
rotid intima-media thickness, retinal photography and venepuncture.

Measures
Dietary assessment

We asked child and adult participants to self-report dietary intake via a
modified version of the National Secondary Students’ Diet and Activity
food frequency questionnaire.19 This food frequency questionnaire was
designed to monitor Australian secondary students’ diet (questions
included in CheckPoint), but also physical activity and food marketing ex-
posure (questions not included in CheckPoint). The validity of these short
dietary questions compared with 24-hour recall has been previously
shown to be reasonable in the 1995 National Nutrition Survey.19 We
assessed takeaway food consumption by asking participants ‘How often
do you have meals or snacks such as burgers, pizza, chicken or chips from
places like McDonalds, Hungry Jacks/Burger King, Pizza Hut, KFC, Red
Rooster or local takeaway food places?’. We assessed SSB consumption
via three questions encompassing soft drink, cordial or sports drink, fruit
juice and energy drink consumption, and included references for portion
sizes. SSB were selected in accordance with typical definitions of SSB
which include non-diet soft drinks, cordials, fruit juices and energy
drinks.16 For statistical analysis, based on the distribution of the responses
(and similar to previous research6,7) takeaway food and SSB consumption
responses were transformed into binary variables: consumption either
less than once per week or at least once per week.

Cardiometabolic phenotypes

Cardiometabolic phenotypes include both functional and structural car-
diovascular phenotypes as well as blood lipid profiles.

We assessed vascular function by measuring systolic and diastolic
blood pressure and PWV using the SphygmoCor XCEL.20 With partici-
pants resting supine for several minutes, we measured blood pressure
(mmHg) at the brachial artery 2–3 times and used the mean values of at
least two valid measurements in our analyses. We also used tonometry
to measure right carotid-femoral pulse wave velocity (m/s) 2–3 times.
Faster pulse wave velocity reflects increased vascular stiffness.

We assessed macrovascular structure by measuring right-sided ca-
rotid intima-media thickness with standardised vascular ultrasound.21

With participants lying supine, we used B-mode ultrasound to capture
images of the right common carotid artery wall, and also used a modi-
fied 3-lead ECG concurrently to detect cardiac rhythm. We calculated
maximum values with semi-automatic edge-detection software
(Carotid AnalyzerTM, Medical Imaging Applications, Coralville, IA,
USA). We assessed microvascular structure by measuring central ret-
inal arteriolar and venular equivalents from retinal photography using
the Integrative Vessel Analysis (IVAN, University of Wisconsin,
Wisconsin, USA) software.22 We selected right eye images preferentially,
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..and experienced graders then graded the images and calculated average
retinal vessel calibre using the Big-Six (revised Knudston–Parr) formula,
which combines measurements of the six largest arterioles or venules.
Wider central retinal venular equivalent and narrower central retinal ar-
teriolar equivalent represent worse phenotypes and are associated with
cardiovascular disease risk in adults.23

We obtained peripheral venous blood from semi-fasted (mean fast
time: 4.2 hours for children, 3.3 hours for adults) participants using a single
venepuncture.24 We used the 2017-version algorithm of the Nightingale
NMR metabolomics platform (Helsinki, Finland) to quantify routine lipids
and lipoproteins; total cholesterol, low-density lipoproteins, high-density
lipoproteins and triglycerides.

Reproducibility data for cardiometabolic phenotypic measures have
been detailed elsewhere.17,20–22,24

Confounders and other variables

We identified a priori confounders (Table 1) on the basis of reported associ-
ations with both the exposure and outcome variables.28–30 They included
age, sex, socio-economic position (SEP), energy expenditure and pubertal

status. SEP is a composite of three parameters from LSAC Wave 6 data:
household income, parents’ highest level of education attainment and
parents’ occupational status. In a single-parent household, an unweighted
average of three values was used, and in dual-parent households an average
of five values.25 An SEP value of greater than 0 indicates socio-economic ad-
vantage. We calculated children’s pubertal status based on a self-reported
5-item sex-specific questionnaire, assessing sexual characteristics.26 Among
children, we also determined their total daily energy expenditure as a prod-
uct of their physical activity level and their basal metabolic rate31 and fur-
ther calculated their BMI z-score based on US Centers for Disease Control
and Prevention reference data.17 We categorised BMI into underweight,
normal weight, overweight, or obese using reference cut-points for chil-
dren and adults.17

Table 1 provides additional details on all exposure and outcome meas-
ures and describes these other variables of interest in greater detail.

Statistical analysis
Regression models were analysed using Stata/IC version 15.1, using sur-
vey weights (described elsewhere17) and survey statistical methods to

Figure 1 Participant flow from LSAC B-cohort through to CheckPoint. CV, cardiovascular; LSAC, Longitudinal Study of Australian Children; SSB,
sugar-sweetened beverage.
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Table 1 Exposure and outcome measures, confounders and other variables

Measure Materials Additional information

Exposures

Takeaway food and sugar-sweet-

ened beverage (SSB)

consumption

National Secondary Students’

Diet and Activity survey

(NaSSDA): self-reported ques-

tionnaire administered via iPad.

Both children and parents completed an identical 26-item food fre-

quency questionnaire (FFQ) to capture diet quality. The FFQ

was a modified version of NaSSDA19 (originally developed by

the Australian Cancer Council and Heart Foundation), with

three additional questions adapted from the International Study

of Childhood Obesity. We assessed takeaway food consump-

tion with one question: ‘How often do you have meals or snacks

such as burgers, pizza, chicken or chips from places like

McDonalds, Hungry Jacks/Burger King, Pizza Hut, KFC, Red

Rooster or local takeaway food places?’. Response options

included never, less than once a week, about 1–2 times a week,

about 3–4 times a week, about 5–6 times a week, about once a day,

or 2 or more times a day. We assessed SSB consumption via three

questions addressing weekly consumption of fruit juices; soft

drinks (like Coke, lemonade), cordials or sports drinks (like

Gatorade); and energy drinks (like Redbull, V) respectively.

Response options ranged from don’t drink, up to 5 or more cups a

day. We also provided portion sizes for the SSB questions. For

statistical analysis, takeaway food and SSB consumption

responses were transformed into binary exposure variables:

consumption either less than once per week or at least once per

week.

Outcomes (direction to further details are available in previous publications17)

Systolic/diastolic blood pressure

(SBP/DBP)

SphygmoCor XCEL (AtCor

Medical, West Ryde, AUS).

A measure of vascular function. SBP and DBP (mmHg) were meas-

ured at the brachial artery using an appropriate sized cuff on the

arm and with the participant in supine position. This was done

2–3 times after laying supine for 7 min. Measurements were per-

formed using the SphygmoCor system and readings were aver-

aged to derive a mean value.20 Higher values indicate worse

blood pressure.

Pulse wave velocity (PWV) SphygmoCor XCEL (AtCor

Medical, West Ryde, AUS).

A measure of arterial stiffness and vascular function. With partici-

pants resting in supine position, PWV was measured by detect-

ing the time taken for an arterial waveform to propagate from

the carotid artery (detected via a hand-held tonometer) to the

femoral artery (detected simultaneously via a thigh cuff).

Distance travelled by the waveform was measured with a tape

from the right carotid pulse to the suprasternal notch and then

to the right femoral pulse. PWV was then calculated in metres/

second (m/s). Waveforms were captured over 10 s, 2–3 times.20

Higher values indicate quicker PWV and therefore greater ar-

terial stiffness.

Carotid intima-media thickness

(Carotid IMT)

Portable ultrasound (GE Health

Vivid i BT06 with 10 MHz lin-

ear array probe, Little

Chalfont, UK) with ECG and

Carotid Analyzer (Medical

Imaging Applications,

Coralville, IA, USA).

A measure of macrovascular structure. With participants resting su-

pine and head turned 45� to the left, trained technicians used

ultrasound to capture images of the carotid artery wall. Once

vessel near and far walls were clearly visualised, a minimum of

three longitudinal loops of 5-10 cardiac cycles were taken.

Modified 3-lead ECG was also used to concurrently detect car-

diac rhythm. cIMT was measured using the Carotid Analyzer,

approximately 10 mm from the carotid bulb, and maximum val-

ues were calculated.21 Higher values indicate greater large vessel

thickness.

Continued
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Table 1 Continued

Measure Materials Additional information

Central retinal arteriolar and ven-

ular equivalent (CRAE/CRVE)

Retinal camera (Canon CR-DGi,

Tokyo, Japan), fitted with a

digital SLR camera (Canon

EOS 60D, Tokyo, Japan).

A measure of microvascular structure. In a darkened room, without

mydriasis, two digital photographs were taken of each eye (one

focusing on the disc, one focusing on the macula). Right eye

images were preferentially selected for scoring, and images

were graded by experienced graders. CRAE and CRVE were

calculated using the Big-Six (revised Knudston-Parr) formula,

which combines measurements of the six largest arterioles or

venules.22 Lower CRAE (narrowed arterioles) and higher CRVE

(widened venules) values both reflect poorer retinal calibre.

Blood lipids (TC, LDL, HDL, TG) S-Monovette vacutainers: 2.7 mL

K3 EDTA, 9 mL K3 EDTA,

7.5 mL Lithium Heparin liquid,

9 mL serum gel with clotting

activator, Sarstedt, Australia.

Approximately 28 mL of blood was collected from semi-fasted

participants by a phlebotomist, using a single venepuncture.

Tubes were collected, transported and stored appropriately.

Nightingale NMR metabolomics platform (Helsinki, Finland) was

used for quantification of routine lipids and lipoproteins.24

Higher TC, LDL and TG and lower HDL indicate adverse lipid

levels, which could increase risk of atherosclerosis.

Confounders and other variables

Socioeconomic position (SEP) Parent-reported questionnaire. SEP was calculated using three parameters from LSAC wave 6

data: combined household income, parents’ highest level of edu-

cation and parents’ occupational status.25 In a single-parent

household an unweighted average was calculated over the 3 val-

ues, and in a dual-parent household was calculated over 5 val-

ues. Values were standardised to mean = 0 and SD = 1, with

values greater than 0 indicating better socio-economic

positioning.

Pubertal status (children only) Pubertal development scale. A 5-item, self-reported sex-specific questionnaire comprising of

questions about growth spurts, body hair growth and skin

changes; breast development and age of onset of menarche

(females); facial hair growth and voice changes (males).26 Higher

scores reflect a later pubertal stage.

Daily energy expenditure (chil-

dren only)

Total daily energy expenditure. Total daily energy expenditure was calculated by multiplying child-

ren’s physical activity level by their basal metabolic rate (kJ/d).

Physical activity level was the average daily rate

of energy expenditure (MET.min/d) derived from a validated

time-use diary30 using the Ridley compendium.27 Basal metabol-

ic rate was calculated with Mifflin-St Jeor equations: male =

(10*weight) þ (6.25*height) - (5*age) þ 5; female =

(10*weight) þ (6.25*height) - (5*age) - 161.

Body mass index (BMI) Height: Portable rigid stadiometer

(Invicta IP0955, Leicester, UK).

Weight: 4-limb segmental

(InBody230, Biospace, Seoul,

Korea) or 2-limb (Tanita BC-

351, Kewdale, Australia) body

composition scales.

BMI was calculated by combining height and weight. Standing

height was measured 2–3 times without shoes or socks, and an

average value was calculated. Weight was measured once wear-

ing light clothing, without shoes or socks, using bioelectrical im-

pedance scales. BMI was calculated from measured height and

weight values where BMI equals weight (kg)/height (m)2. A BMI

z-score for children was calculated according to the US Centers

for Disease Control and Prevention reference values using the

Stata ‘zanthro’ function. BMI status was calculated according to

International Obesity Task Force 6-level cut-offs for children

and World Health Organisation cut-offs for adults.

BMI, body mass index; CRAE, central retinal arteriolar equivalent; CRVE, central retinal venular equivalent; DBP, diastolic blood pressure; FFQ, Food Frequency Questionnaire;
HDL, high-density lipoprotein; IMT, intima-media thickness; LDL, low-density lipoprotein; LSAC, Longitudinal Study of Australian Children; NaSSDA, National Secondary
Students’ Diet and Activity survey; PWV, pulse wave velocity; SBP, systolic blood pressure; SEP, socio-economic position; SSB, sugar-sweetened beverage; TC, total cholesterol;
TG, triglycerides.
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account for multi-level sampling and to adjust for non-response and loss
to follow-up over LSAC waves 1–6.17 All models were adjusted for the
potential confounders age, sex, and SEP;28–30 with further adjustment for
children’s pubertal status or daily energy expenditure in sensitivity analy-
ses. For main analysis, we performed two separate sets of linear regres-
sion analyses to estimate associations of takeaway food or SSB
consumption individually with cardiometabolic phenotypes. We calcu-
lated adjusted marginal means for outcomes and present regression coef-
ficients, as well as standardised mean differences (SMD). As SMD are
calculated by standardising the outcome variable prior to the regression
and can be interpreted as a standardised beta, they indicate the change
per standard deviation unit and allow comparison of effects across out-
comes measured on various scales. We also fitted a third model including
an interaction effect between takeaway foods and SSB with cardiometa-
bolic phenotypes. Where there was evidence of association, we ran me-
diation analysis to estimate the total causal effect of takeaway food and
SSB consumption (exposures) on cardiometabolic phenotypes (out-
comes) occurring via an intermediate variable (‘mediator’; BMI in this
case) using the ‘mediation’ R package (version 3.6.2).32 This utilises a g-
computation approach with linear regression for the outcome and medi-
ator given their antecedent variables as building blocks.

Results

Sample characteristics
In total, 1874 parent–child dyads participated in CheckPoint, of
whom 1838 children (mean age 11.5 years) and 1846 adults (mean
age 43.7 years) were included in our analytic sample (Table 2). There
were similar proportions of male and female children, but the major-
ity of adults were female (87.6%). In keeping with Australian national
data,33 23.0% of children and 61.6% of adults were overweight or
obese. Takeaway food consumption was reported at least weekly for
31.7% and 18.0% of children and adults respectively, and SSB con-
sumption at least weekly for 59.6% of children and 34.2% of adults.
Although this takeaway consumption frequency is comparable to
other national data, rates of SSB consumption are higher than previ-
ous nationally representative data that exclude fruit juice.4,5

Supplementary analysis also shows that those consuming takeaway
foods or SSB at least weekly were more likely to be overweight or
obese and of lower SEP (Supplementary material online, Table S1).

Associations of takeaway food and/or
sugar-sweetened beverage consumption
with cardiometabolic phenotypes
Children

There was little evidence of associations between frequent takeaway
food or SSB consumption and cardiometabolic phenotypes (Table 3,
Figure 2). The largest effects included higher triglyceride levels with
frequent consumption of takeaway food (0.06 mmol/L; 95% CI -0.03
to 0.15; SMD 0.11) or with SSB (0.08 mmol/L; 95% CI 0.01 to 0.15;
SMD 0.15) and 0.6 mmHg higher diastolic blood pressure (95% CI
-0.1 to 1.3; SMD 0.11) associated with frequent SSB consumption. A
similar effect size (SMD) was obtained for the association between
takeaway food consumption and central retinal arteriolar equivalent,
but this effect was in the opposite direction to that hypothesised. All
patterns remained similar on adjustment for daily energy expenditure
and puberty (Supplementary material online, Tables S2 and S3).

Adults

Frequent takeaway food consumption was associated with worse vas-
cular function and blood lipid levels. SMD for frequent SSB consump-
tion with functional phenotypes and lipids were similar, although
smaller in magnitude. For example, with frequent consumption of
takeaway foods and SSB, respectively, pulse wave velocity was greater
by 0.20 m/s (95% CI 0.03 to 0.37; SMD 0.18) and 0.10 m/s (95% CI:
-0.05 to 0.24; SMD 0.09), systolic blood pressure by 3.3 mmHg (95%
CI 1.3 to 5.3; SMD 0.26) and 1.5 mmHg (95% CI 0.0 to 2.9; SMD 0.12),
and high-density lipoprotein was lower by 0.14 mmol/L (95% CI: -0.19
to -0.10; SMD -0.40) and 0.09 mmol/L (95% CI -0.14 to -0.05; SMD
-0.26). Relationships for structural macro- and micro-vascular pheno-
types (i.e. carotid intima-media thickness, central retinal arteriolar and
venular equivalents) were close to 0 and uncertain, albeit in the
hypothesised direction. Nonetheless they too were stronger for fre-
quent consumption of takeaway foods (SMDs 0.08 to 0.12) compared
to SSB (SMDs 0.01 to 0.04).

Mediation via body mass index

Among adults, the proportion of associations between takeaway
food consumption and cardiometabolic functional phenotypes medi-
ated by BMI ranged from 62% (95% CI: 0.40 to 1.16) to 75% (95% CI:
0.53 to 1.18) (Supplementary material online, Table S4). In contrast,
although BMI did not mediate associations between SSB consump-
tion and systolic or diastolic blood pressure, it mediated a small pro-
portion of the association with pulse wave velocity (indirect effect via
BMI 0.06, 95% CI 0.01 to 0.10; proportion of mediation 36%, 95% CI
0.10 to 1.01). For lipids, only the associations between adults’ take-
away food consumption and high-density lipoprotein and triglyceride,
but not total cholesterol or low-density lipoprotein, were mediated
by BMI (proportion of mediation ranging from 34% (95% CI 0.24 to
0.51) to 48% (95% CI 0.33 to 0.70)). Although the total effects of
adult’s SSB consumption and high-density lipoprotein and triglyceride
were similar to takeaway food consumption, less effect was mediated
by BMI (proportion of mediation 17%; 95% CI 0.03 to 0.33).

Interaction effects between consumption
of both takeaway foods and sugar-
sweetened beverage and cardiometa-
bolic phenotypes
There was no evidence that frequent consumption of both takeaway
foods and SSB interacted to differentially affect cardiometabolic phe-
notypes among children or adults.

Discussion

Principal findings
Among children, there was little evidence of associations between
takeaway food or SSB consumption and cardiometabolic phenotypes.
Evidence of association, by contrast, were more apparent in adults. In
particular, compared to SSB consumption, frequent (at least weekly)
takeaway food consumption was more strongly associated with adult
functional vascular phenotypes and blood lipid profiles. This pattern
(larger effects for takeaway foods compared to SSB) was also evident
for structural vascular phenotypes, but magnitude of effects were
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Table 2 Characteristics of children and adults in analytic sample

Characteristics Child (overall n 5 1838) Adult (overall n 5 1846)

n Mean (SD) or % n Mean (SD) or %

Demographics Age (years) 1838 11.5 (0.5) 1846 43.7 (5.2)

Male 1838 50.9 1846 12.4

SEP z-score 1832 0.2 (1.0) 1839 0.2 (1.0)

Body composition BMIa 1836 0.3 (1.0) 1838 27.8 (6.1)

BMI status 1836 – 1838 –

% Underweight 113 6.2 10 0.5

% Normal weight 1301 70.9 695 37.8

% Overweight 334 18.2 596 32.4

% Obese 88 4.8 537 29.2

Pubertal status % Pre-pubertal 163 9.5 – –

% Early/mid-pubertal 1324 76.8 – –

% Late/post-pubertal 237 13.8 – –

Energy expenditure Total daily energy expend-

iture (kJ/d)

1828 2086.4 (437.3) – –

Takeaway food

consumption

Never 189 10.3 293 15.9

Less than weekly 1059 58.0 1218 66.1

1–2 times per week 499 27.3 308 16.7

3–4 times per week 72 3.9 22 1.2

5–6 times per week 5 0.3 1 0.1

Every day 3 0.2 0 0

�1/week (‘frequent’) 579 31.7 331 18.0

SSB consumption Never 170 9.3 611 33.1

Less than weekly 573 31.2 603 32.7

1–3 cups per week 688 37.4 396 21.5

4–6 cups per week 221 12.0 122 6.6

1–2 cups per day 128 7.0 84 4.6

3–4 cups per day 38 2.1 19 1.0

5þ cups per day 20 1.1 10 0.5

�1/week (‘frequent’) 1095 59.6 631 34.2

Cardiometabolic

phenotypes

Pulse wave velocity (m/s) 1780 4.46 (0.57) 1664 6.86 (1.13)

Systolic blood pressure

(mmHg)

1755 108.1 (8.0) 1737 119.4 (12.6)

Diastolic blood pressure

(mmHg)

1755 62.4 (5.7) 1737 73.0 (8.6)

Carotid intima-media

thickness (mm)

1463 581.1 (46.7) 1465 663.0 (96.8)

Central retinal arteriolar

equivalent (mm)

1271 159.1 (11.9) 1262 151.0 (14.0)

Central retinal venular

equivalent (mm)

1271 230.7 (16.5) 1262 218.9 (18.5)

Total cholesterol (mmol/L) 1161 4.07 (0.65) 1321 4.77 (0.87)

LDL cholesterol (mmol/L) 1161 1.36 (0.31) 1321 1.66 (0.43)

HDL cholesterol (mmol/L) 1161 1.41 (0.27) 1321 1.46 (0.36)

Triglycerides (mmol/L) 1161 1.19 (0.55) 1321 1.49 (0.84)

BMI, body mass index; d, day; HDL, high-density lipoprotein; kj, kilojoules; LDL, low-density lipoprotein; SD, standard deviation; SEP, socio-economic position; SSB, sugar-sweet-
ened beverages.
aBMI z-score for children, BMI (kg/m2) for adults.
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.smaller. In adults, increased BMI largely, but not completely, mediates
the adverse effects associated with takeaway food consumption, and
to a lesser extent for SSB. There was little evidence to suggest that
frequent consumption of both takeaway foods and SSB had additional
effects on associations.

Strengths and limitations
The strengths of this study include the large, population-derived
sample with cross-generational data using identical measures,
allowing us to make inferences about cardiometabolic phenotypes
at two points in the life course. Our study is the first to utilise a
validated, reproducible and comprehensive suite of measures to
assess preclinical cardiometabolic phenotypes in relation to

takeaway food and SSB consumption. However, the CheckPoint
cohort is not entirely representive of the Australian population or
of LSAC itself. Nonetheless, we used survey weights to partly ac-
count for this. In addition, although food frequency questionnaires
serve as reasonable measures in large-scale studies where object-
ive dietary data are difficult to collect, this self-reported data may
be inaccurate due to recall or social desirability bias. Furthermore,
missing cardiometabolic data (vascular structure and blood lipids)
from home visits, as well as the majority of adult participants being
female, reduce the generalisability of our findings. Finally, while it
is plausible that observed effects could be causal, confirmation
would require consideration of additional potential confounders,
longitudinal repeated measurement of both the exposures and

....................................................................................... .......................................................................................

....................................................................................................................................................................................................................

Table 3 Adjusted linear regression models examining associations between takeaway food and SSB consumption sep-
arately and cardiometabolic phenotypes in children and adults

Takeaway food � once per week SSB � once per week

Referencea

Marginal

mean (SD)

Regression

co-efficient

(95% CI)

SMD p-value Referencea

Marginal

mean (SD)

Regression

co-efficient

(95% CI)

SMD p-value

Children

Vascular measures:

PWV (m/s) 4.47 (0.72) 0.05 (-0.03 to 0.12) 0.08 0.21 4.47 (0.77) 0.02 (-0.05 to 0.09) 0.03 0.58

SBP (mmHg) 108.8 (11.7) -0.5 (-1.5 to 0.6) -0.06 0.37 108.2 (11.0) 0.6 (-0.4 to 1.6) 0.07 0.26

DBP (mmHg) 62.7 (8.6) -0.4 (-1.1 to 0.3) -0.07 0.29 62.2 (6.2) 0.6 (-0.1 to 1.3) 0.11 0.08

cIMT (mm) 584.1 (65.2) -2.9 (-10.0 to 4.3) -0.06 0.43 584.9 (64.5) -3.0 (-9.36 to 3.41) -0.06 0.36

CRAE (mm) 158.7 (17.3) 1.6 (-0.0 to 3.2) 0.13 0.05 158.6 (17.8) 1.1 (-0.5 to 2.6) 0.09 0.19

CRVE (mm) 230.7 (23.6) 0.5 (-1.6 to 2.6) 0.03 0.65 230.4 (25.3) 0.7 (-1.5 to 3.0) 0.04 0.51

Blood lipids (mmol/L):

TC 4.07 (0.98) -0.02 (-0.11 to 0.08) -0.02 0.75 4.08 (0.91) -0.01 (-0.10 to 0.07) -0.02 0.79

LDL 1.36 (0.50) -0.02 (-0.06 to 0.03) -0.06 0.47 1.36 (0.49) -0.01 (-0.05 to 0.03) -0.04 0.59

HDL 1.40 (0.37) 0.01 (-0.03 to 0.05) 0.04 0.64 1.41 (0.42) 0.00 (-0.04 to 0.04) 0.00 0.98

TG 1.19 (0.78) 0.06 (-0.03 to 0.15) 0.11 0.22 1.16 (0.68) 0.08 (0.01 to 0.15) 0.15 0.02

ADULTS

Vascular measures:

PWV (m/s) 6.81 (1.36) 0.20 (0.03 to 0.37) 0.18 0.02 6.81 (1.39) 0.10 (-0.05 to 0.24) 0.09 0.19

SBP (mmHg) 119.1 (15.4) 3.3 (1.3 to 5.3) 0.26 0.001 119.3 (14.3) 1.5 (0.0 to 2.9) 0.12 0.05

DBP (mmHg) 72.9 (10.6) 1.4 (0.2 to 2.6) 0.16 0.03 72.8 (10.2) 1.0 (0.0 to 2.1) 0.12 0.05

cIMT (mm) 661.0 (117.1) 11.7 (-4.7 to 28.0) 0.12 0.16 663.1 (125.0) 0.9 (-11.5 to 13.2) 0.01 0.89

CRAE (mm) 151.6 (22.7) -1.2 (-3.5 to 1.1) -0.09 0.30 151.6 (21.5) -0.4 (-2.4 to 1.6) -0.03 0.69

CRVE (mm) 220.3 (31.0) 1.4 (-2.0 to 4.8) 0.08 0.42 220.4 (31.4) 0.7 (-2.1 to 3.4) 0.04 0.64

Blood lipids (mmol/L):

TC 4.75 (1.37) 0.11 (-0.05 to 0.27) 0.13 0.17 4.73 (1.29) 0.14 (0.00 to 0.28) 0.16 0.05

LDL 1.65 (0.64) 0.10 (0.02 to 0.18) 0.24 0.01 1.63 (0.59) 0.11 (0.04 to 0.18) 0.25 0.002

HDL 1.46 (0.52) -0.14 (-0.19 to -0.10) -0.40 0.000 1.46 (0.52) -0.09 (-0.14 to -0.05) -0.26 0.000

TG 1.50 (1.37) 0.30 (0.12 to 0.48) 0.36 0.001 1.49 (1.49) 0.18 (0.03 to 0.34) 0.22 0.02

Models and marginal means adjusted for age, sex and socio-economic position.
CI, confidence interval; cIMT, carotid intima-media thickness; CRAE, central retinal arteriolar equivalent; CRVE, central retinal venular equivalent; DBP, diastolic blood pressure;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; PWV, pulse wave velocity; SBP, systolic blood pressure; SD, standard deviation; SMD, standardised mean difference
(change per SD unit); SSB, sugar-sweetened beverage; TC, total cholesterol; TG, triglycerides.
aReference group: participants consuming takeaway foods or SSB less than weekly.
Note: Less favourable cardiometabolic phenotype = Higher pulse wave velocity, blood pressure; Increased cIMT; Narrower retinal arteriolar vessel calibre; Wider retinal venu-
lar vessel calibre; Higher TC, LDL, TG; Lower HDL.

Takeaway food, sugar-sweetened beverages 1791
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/28/16/1784/6000664 by guest on 18 April 2024



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.the outcomes, replication in different populations and ideally
intervention trials.

Interpretation in relation to previous
research
Our findings in children differ from most previous studies reporting
associations between takeaway foods or SSB and increased pulse wave
velocity or blood pressure, narrower arterioles, or adverse blood lipid
profiles.6,8–10,12,13 Additional research is needed to understand if this
may reflect the younger age of the children in our cohort,8–10,14 inclu-
sion of different covariates and confounders in our models6,8,13,14 or dif-
ferences in definitions and measurement of exposure variables (e.g. SSB
definitions, food intake measurement tools).8,9,12

Our positive associations of takeaway food and SSB consumption
with blood pressure and blood lipids in adults align with previous lit-
erature,7,10 including a recent SSB review of 26 studies (median age
44 years).34 In terms of novel outcome measures, only one previous
study demonstrated an association between soft drink consumption

and carotid intima-media thickness, however, drawing comparisons is
difficult due to its narrower definition of SSB.15 Finally, to the best of
our knowledge, there are no previous studies exploring the medi-
ation effect of BMI on the relationship between takeaway food or
SSB consumption and adults’ cardiometabolic phenotypes.

Clinical implications
The small or null associations in children, yet larger associations
among adults, suggest that adverse cardiometabolic phenotypes
manifest later in life with cumulative and prolonged risk factor expos-
ure. Alternatively, other mitigating behaviours in children, such as
higher physical activity levels and/or ‘healthier’ takeaway food or SSB
consumption (e.g. fruit juice vs. soda), may also explain these stage-
of-life effects.

Among adults, our findings for vascular function and blood lipids
may influence both individual and public health. Previous literature
suggests that 1 m/s faster pulse wave velocity in adults (mean age 50–
87 years) is associated with 12% and 13% increased risk of cardiovas-
cular events and mortality, respectively,35 and that 5 mmHg lower

Figure 2 Standardised mean differences for associations between takeaway food and SSB consumption and cardiometabolic phenotypes in children
and adults adjusted for age, sex and SEP. Beverages, sugar-sweetened beverages; CI, confidence interval; cIMT, carotid intima-media thickness; CRAE,
central retinal arteriolar equivalent; CRVE, central retinal venular equivalent; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; PWV, pulse wave velocity; SBP, systolic blood pressure; SEP, socio-economic position; SMD, standardized mean difference (effect
size); SMD, standardized mean difference; SSB, sugar-sweetened beverages; Takeaways, takeaway food; TC, total cholesterol; TG, triglycerides.
Models adjusted for age, sex, and socio-economic position. SMD, standardized mean difference (change per SD unit). Note: Less favourable cardiome-
tabolic phenotype = Higher pulse wave velocity, blood pressure; Increased cIMT; Narrower retinal arteriolar vessel calibre; Wider retinal venular ves-
sel calibre; Higher TC, LDL, TG; Lower HDL.
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.
systolic blood pressure leads to a 17% risk reduction for major car-
diovascular events.36 Therefore, similar small increments to those
observed in our study (e.g. 0.20 m/s faster pulse wave velocity and
3.3 mmHg higher systolic blood pressure with takeaway food con-
sumption) may predispose adults to increased cardiovascular risk
with ongoing frequent takeaway food and, to a lesser extent, SSB
consumption. Furthermore, the observed 0.30 mmol/L increase in
triglyceride levels associated with frequent takeaway food consump-
tion in adults, when considered with an adjusted marginal mean of
1.50 mmol/L, is close to criteria for dyslipidaemia (triglycerides
>_2 mmol/L).37 We are less confident in clinical inferences for the
associations with vascular structure in adults due to small effects and
wide confidence intervals. However, patterns in adults fit with the
proposed evolution of preclinical cardiovascular phenotypes, where
functional changes generally precede structural changes.38

In line with recent UK Biobank analysis (n = 132 479) reporting
stronger associations between BMI and energy consumption from fat
(vs. sugar),39 the magnitude of effects among adults (takeaway foods
> SSB) in our sample suggests that sodium and fat may be stronger
drivers of increased BMI and cardiometabolic risk than sugar intake.
Further research is needed to address this specific question.

Finally, we highlight a greater proportion of associations between
takeaway food consumption and cardiometabolic phenotypes medi-
ated via BMI, than for SSB consumption. This suggests that takeaway
foods drive adverse cardiometabolic phenotypes via changes in BMI.
This is consistent with another study among adults (n = 3294) which
showed that high salt consumption is associated with increased blood
pressure in adults, but that this effect is largely driven by obesity.40

On the other hand, SSB effects may operate via other mechanisms.
For instance, high SSB consumption may increase cardiometabolic
risk by increasing glycaemic load and contributing to inflammation
and cellular dysfunction.41

The lack of an interaction effect in our study reflects that there is no
magnified effect associated with consuming both takeaway food and
SSB together; i.e. a greater effect when consumed together than the ef-
fect of each consumed alone, multiplied together. This suggests that the
constituents of takeaway food and SSB might not interact to amplify in-
flammatory changes and contribute to cardiometabolic phenotypes.

Public health and policy implications
Further longitudinal research exploring these relationships at various
ages will inform the causal nature of associations between takeaway
food and SSB consumption and cardiometabolic phenotypes, the im-
pact of elevated BMI, and critical time points for targeting interven-
tion. Health initiatives should promote awareness around the poor
nutritional content of takeaway foods and SSB from an early age to
reduce cumulative risk factor exposure and modify nutritional behav-
iours.3 Patterns in our data suggest that policies targeting takeaway
food consumption, over SSB consumption, may be more effective
and pragmatic.

Conclusion

In adults, largely mediated by increased BMI, frequent takeaway food
consumption was associated with worse vascular function and blood
lipid profiles. To a lesser extent, the same was true for SSB

consumption - possibly through alternative mechanisms. We could
not, however, demonstrate these associations in childhood.
Together, the findings highlight childhood as a window of opportunity
for targeted prevention of adult cardiovascular disease.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology.
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