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Abstract

Dietary pattern (DP) analysis allows examination of the combined effects of nutrients and foods on the markers of CVD. Very few studies
have examined these relationships during adolescence or young adulthood. Traditional CVD risk biomarkers were analysed in 12—15-year-
olds (7 487; Young Hearts (YH)1) and again in the same individuals at 20—-25 years of age (1 487; YH3). Based on 7 d diet histories, in the
present study, DP analysis was performed using a posteriori principal component analysis for the YH3 cohort and the a priori Mediterra-
nean Diet Score (MDS) was calculated for both YH1 and YH3 cohorts. In the a posteriori DP analysis, YH3 participants adhering most
closely to the ‘healthy’ DP were found to have lower pulse wave velocity (PWV) and homocysteine concentrations, the ‘sweet tooth’
DP were found to have increased LDL concentrations, systolic blood pressure, and diastolic blood pressure and decreased HDL concen-
trations, the ‘drinker/social’ DP were found to have lower LDL and homocysteine concentrations, but exhibited a trend towards a higher
TAG concentration, and finally the ‘Western’ DP were found to have elevated homocysteine and HDL concentrations. In the a priori dietary
score analysis, YH3 participants adhering most closely to the Mediterranean diet were found to exhibit a trend towards a lower PWV. MDS
did not track between YH1 and YH3, and nor was there a longitudinal relationship between the change in the MDS and the change in CVD
risk biomarkers. In conclusion, cross-sectional analysis revealed that some associations between DP and CVD risk biomarkers were already
evident in the young adult population, namely the association between the healthy DP (and the MDS) and PWV; however, no longitudinal
associations were observed between these relatively short time periods.

Key words: Dietary patterns: CVD: Tracking

CVD is the main cause of death in the UK, accounting for
nearly 200000 deaths each year”. Conventionally, the focus
of nutrition research has been on single nutrients and individ-
ual dietary components®;
epidemiology has also begun investigations into the effect of
overall diet quality, using various dietary pattern approaches,
on diet—disease relationships®. It has been hypothesised that
using a priori and a posteriori methods that encompass the
whole diet may aid in the formulation of dietary recommen-

however, recently, nutritional

dations, as overall dietary analysis may be easier to translate
into public health messages*>~7.

There are two fundamentally different analytical approaches
for measuring dietary patterns in epidemiological studies:
‘a priori’ and ‘a posteriori’. A priori techniques evaluate dietary
intake data using predefined indices or scoring systems® that
have been constructed according to existing nutritional guide-
lines or are based on existing knowledge about diet—disease
relationships®”. Application of these a priori scores allows
comparability across cohorts as the scoring is not driven by
the specific population or dataset in hand?. There are now
numerous a priori dietary scores, but one that is closely
related to CVD is the Mediterranean Diet Score (MDS)!V.

Abbreviations: EYHS, European Youth Hearts Study; HOMA-IR, homeostasis model assessment-estimated insulin resistance; MDS, Mediterranean Diet Score;

PA, physical activity; PCA, principal component analysis; PWV, pulse wave velocity; YH, Young Hearts.

* Corresponding author: Dr M. C. McKinley, fax +44 2890 235900, email m.mckinley@qub.ac.uk

ssaud Aussanun sbpuquied Ag auluo paysiignd z89z00v LS L L£000S/£L0L'0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114514002682

o

British Journal of Nutrition

1686 H. J. McCourt ef al.

The Mediterranean diet has long been reported to be associ-
ated with the attenuation of CVD risk factors, such as
decreased total cholesterol, TAG, blood pressure, homeostasis
model assessment-estimated insulin resistance (HOMA-IR),
BMI and C-reactive protein levels and increased HDL levels,
1219 prospective studies
(7-year follow-up in the Framingham Heart Study Offspring
Cohort)(M) and in case—control studies™>'®. Furthermore,
adherence to a Mediterranean-style dietary pattern has been
reported to be associated with lower CVD mortality in pro-
spective studies with follow-up periods ranging from 378 to
20 years""7=2" which has been confirmed in a meta-analysis
of prospective studies®? .

A posteriori methods are dependent on multivariate statisti-
cal techniques such as principal component analysis (PCA).
PCA is frequently used in nutritional epidemiology to gain a
better understanding of the relationships between the foods
consumed in the diet and health-related outcomes. It identifies
foods that are frequently consumed together, reducing the
data in hand into groups or patterns on the basis of the
degree to which they are correlated with one another®.
For each derived pattern, a score that defines the position of
each individual along a gradient is obtained; hence, individ-
uals receive a ‘score’ for each derived pattern'”. PCA is,
therefore, a data-driven approach; the preparation of data
can be a time-consuming process, and as it relies on clear stat-
istical guidance, it is limited to a research setting. Although
PCA-derived dietary patterns are specific to the population
from which they are derived, there is some commonality in
the nature of the patterns observed between studies; for
example, ‘Western-type’ and ‘prudent-type’ dietary patterns
are often identified. In terms of CVD, prospective studies
within adult populations have generally shown that a pru-

dent/healthy dietary pattern is associated with a lower risk
(24-26)

in randomised intervention studies

of cardiovascular morbidity and mortality , whereas a
Western-type dietary pattern is associated with an increased
risk of cardiovascular mortality and morbidity®?%*?”. Data
on the relationship between dietary patterns and cardiovascu-
lar risk in younger age groups are lacking. As cardiovascular
risk factor status in young adulthood may be associated with
coronary atherosclerosis later in life, it is important to deter-
mine whether a relationship between dietary patterns and
cardiovascular health is apparent in younger age groups to
inform public health strategies for CVD@®,

Some scientific research has stated that dietary intake pat-
terns are established at an early age and remain relatively
unchanged during pubertal development®=®. On the other
hand, it has been proposed by several investigators that sig-
nificant changes in an individual’s eating habits occur during
the transition from childhood to adulthood®'=3% and such
changes have been attributed to physiological changes in
relation to growth and maturation as well as the increasing
independence and interaction of adolescents within their
G0, resulting in less desirable changes
occurring between adolescence and young adulthood such
as increased fast food consumption and binge drinking®”.
There is little information available regarding the tracking of
dietary patterns during this time frame and whether tracking,

social environment

or change in, dietary habits during this time has any impact
on health status.

Therefore, the present study aimed to investigate the cross-
sectional relationship between a posteriori dietary patterns
and an a priori dietary score (MDS) and CVD risk biomarkers
in a young adult population (Young Hearts (YH)3). Further-
more, it also aimed to examine whether there was a relation-
ship between the change in the MDS and the change in CVD
risk biomarkers between YH1 and YH3.

Methods
Study sample

The YH Project was designed as an ongoing study investi-
gating biological and behavioural risk factors for CVD in a
representative sample of young people in Northern Ireland.
Between 1989 and 1990, a 2% representative sample
(1 1015) of school-aged (12—15 years) children from Northern
Ireland was invited to take part in a cross-sectional analysis of
lifestyle and health, YH1®, Between 1997 and 1999, these
participants were invited back to take part in another screen-
ing phase (n 487, aged between 20 and 25 years), YH3. The
present study was conducted according to the guidelines
laid down in the Declaration of Helsinki, and all procedures
involving human subjects were approved by the Medical
Research Ethics Committee of Queen’s University Belfast. Writ-
ten informed consent was obtained from all participants at
both time points. Detailed methodology has been described
previously® | and it is explained in brief below.

Anthropometry

Each participant’s height (m) and weight (kg) (and subsequent
calculation of BMI (kg/mz)) were measured at both time
points. Standing height was measured to the nearest mm
using a Harpenden portable stadiometer (Holtain) and body
weight was measured to the nearest 0-1kg using an electronic
balance (Seca; 200kg X 0-1kg). Waist circumference was
measured to the nearest 0-1cm using a non-stretch tape

measure®”

Blood collection and assessment of biomarkers

At YH1, non-fasting blood samples were drawn from the ante-
cubital vein and separated into serum and plasma within 4 h.
Total cholesterol concentration was estimated using an enzy-
matic technique®”. HDL concentration was determined
using phosphotungstic Mg reagents. No other CVD risk bio-
markers were assessed at YH1. At YH3, fasting blood samples
(40 ml) were again drawn from the antecubital vein. The
samples were immediately separated into plasma, serum and
buffy coat before storage in aliquots at —70°C until analysis.
Sample analysis included quantification of plasma glucose
and insulin (subsequent calculation of HOMA-IR), cholesterol
fractions (total, HDL and LDL), TAG and homocysteine.
Further laboratory techniques used in the YH protocol are

explained in detail elsewhere 040,
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Dietary intake assessment

At both study time points, dietary intake information was
obtained using the diet history method, consisting of a
detailed open-ended one-to-one interview, to determine the
habitual weekly (7d) food intake of each participant.
Reported energy and macronutrient intakes were calculated
using computerised databases based on UK food composition
tables as described previously™®. There was an indication
of under- or over-reporting in 288 participants when the
energy intake:BMR ratio was calculated with cut-offs for
under-reporting set at <1-14 and those for over-reporting
set at >2-5. To maximise power and for comparability with
previous work®®4% | all participants were included in the anal-
ysis. Although data were collected on vitamin supplemen-
tation in the YH3 cohort, these data were not included in
the final analyses in the present study owing to the fact that
use of vitamins and nutritional supplements was erratic in
many of the volunteers.

Other assessments

Blood pressure was measured twice from the right arm using
a Hawksley random-zero sphygmomanometer (taken to
the nearest 2 mmHg; Hawksley & Sons Ltd) in both YH1 and
YH3 cohorts. At YH1, smoking status was assessed by
means of a recall questionnaire, and at YH3, the participants
classified themselves as current cigarette smokers, non-smo-
kers or former smokers. Those who smoked provided infor-
mation on the number of cigarettes smoked per d. Social
class was identified at YH1 using father’s occupation and
was divided into eight groups: group 1, ‘Professional’; group
2, ‘Management’; group 3, ‘Skilled non-manual’; group 4,
‘Skilled manual’; group 5, ‘Semi-skilled’; group 6, ‘Unskilled’;
group 7, ‘Other’; group 8, ‘Student’. Physical activity (PA)
was assessed in the YH3 cohort using a modification of the
Baecke questionnaire, aimed at assessing habitual work
activity, sports activity and non-sports leisure activities. For
each of these three categories, a score based on a five-point
Likert scale was calculated and summed, giving the total poss-
ible score ranging from 3 to 15°%. Arterial stiffness was
measured in the YH3 cohort using the non-invasive optical
method to determine pulse wave velocity (PWV), measured
in ms, explained in detail elsewhere®.

A posteriori dietary patterns — principal component analysis.
The factor analysis procedure in SPSS version 17.0 for
Windows (SPSS, Inc.) was used to perform the PCA. Over
1000 individual foods were identified from the diet histories
and these foods were manually reduced to thirty-one food
groups. Foods were categorised on the basis of food type
and macronutrient content. PCA reduced the food groups
into a smaller number of underlying factors or dietary patterns
that could explain variations in dietary intake; the number of
factors, or dietary patterns, retained was based on a combi-
nation of food group components with an eigenvalue >1,
examination of the break point in the scree plot and interpret-
ability of the factors themselves®. Males and females were
analysed together to maximise statistical power. Orthogonal

rotation (varimax) was used to produce factors that were
uncorrelated and more interpretable™. When presented,
small coefficients were suppressed to absolute values =0-2.
PCA produced uncorrelated factors and a resulting ‘factor
score’ for each participant for each of the four factors.
Scores were categorised into fifths for each dietary pattern,
with the fifth dietary pattern indicating greatest conformity
with that particular dietary pattern.

A priori Mediterranean Diet Score. The MDS was orig-
inally constructed by Trichopoulou et al.“? and later revised
to include fish”. The components that make up the MDS
were split into beneficial (high intakes of vegetables, legumes,
fruits and nuts, cereals and fish) and less desirable/beneficial
(high intakes of meat and meat products and dairy products
and ratio of MUFA:SFA) components. Alcohol consumption
was also included (a value of 1 was assigned to men if their
consumption was between 10 and 50g/d and to women if
their consumption was between 5 and 25 g/d). For all charac-
teristics within the MDS, a cut-off point that corresponded to
the median values specific to each sex was applied (except
for alcohol as explained above), with a value of 1 being
assigned to those above the median value for the beneficial
components (0 assigned to those below) and a value of 1
being assigned to those below the median value for the less
desirable/beneficial components (0 assigned to
above). A score for each of the 7 d was calculated and an aver-
age taken; a score of 9 indicated the strongest adherence to
the Mediterranean diet, whereas a score of 0 indicated no
adherence to the Mediterranean diet.

those

Statistical analyses

All statistical analyses were carried out using Statistical Pack-
age for Social Sciences (SPSS version 17.0; SPSS for Windows,
SPSS, Inc.). For the cross-sectional analysis, fifths were used to
categorise individuals for PCA-derived dietary patterns and
thirds for the MDS. Continuous variables are presented as
means and standard deviations and categorical variables as
absolute frequencies and percentages. When examining the
general participant characteristics, continuous variables were
compared using ANOVA in fifths or thirds groupings. Categori-
cal data were examined using y * tests for trends. Multivariable
linear regression analysis was used to examine the relation-
ship between dietary patterns (in fifths or thirds) and CVD
risk factors while adjusting for other potentially confounding
variables. Data are presented for unadjusted and adjusted
models controlling for common confounding factors identified
from similar studies in the literature including the following:
age; BMI; sex; PA; social class; smoking status; energy. As indi-
cated by Northstone et al.*>, energy was adjusted at as late a
stage as possible to allow assessment of the true effects of
energy on dietary patterns. Data for adjusted models (adjusted
means and 95% CD) are given in tables only where adjustment
has influenced the corresponding P value.

For the longitudinal analysis, paired-samples t tests were
used to summarise the sample characteristics. The MDS was
split into ‘most adherent’ and ‘least adherent’ on the basis
of the median and was then further categorised into four
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groups depending on scores at YH1 and YH3: group 1, ‘least
adherent MDS at YH1 and least adherent MDS at YH3’; group
2, ‘least adherent MDS at YH1 and most adherent MDS at
YH3’; group 3, ‘most adherent MDS at YH1 and least adherent
MDS at YH3’; group 4, ‘most adherent MDS at YH1 and most
adherent MDS at YH3'. Multivariable regression analysis was
then performed to examine the relationship between these
four groups and CVD risk biomarkers at YH3; different
models of adjustments were applied: model 1 adjusted for
age, sex, BMI, social class, PA, and smoking status and
model 2 further adjusted for energy as per the method of
Northstone et al.*>. 1t has been reported that all measures
of adiposity are highly correlated®’; therefore, in the present
study, BMI was chosen as the sole measure of adiposity within
the adjusted model because BMI has been indicated as the
most commonly used measure of adiposity in national and
international obesity prevalence statistics and is therefore
useful for analysing historical trends and comparing inter-
national research results”. The change in CVD risk bio-
markers (total cholesterol, HDL, SBP and DBP) between
YH1 and YH3 was calculated and the four groups of change
in the MDS were again assessed using multivariable regression
analysis. At YH3, values for TAG and homocysteine concen-
trations were negatively skewed, and natural log transform-
ation of the data did not affect the end interpretation;
therefore, skewed data are presented to maintain continuity.

Finally, the proportion of tracking for the MDS was assessed
for males and females separately and together. The proportion
of volunteers who remained in the same third for the a priori
dietary score suggests tracking; however, 33% of the volun-
teers would remain in the same third over time if one assumes
that he or she could move randomly into any of the thirds
at follow-up™®. Weighted k values were then calculated to
measure the agreement between an individual’s relative pos-
ition at YH1 and YH3 by considering disagreement close
to the diagonal less heavily than disagreement further away
from the diagonal®”. It should be noted that k =0 when
the observed agreement equals that expected by chance and
k = 1 when tracking is perfect®”.

Results

Mean dietary, anthropometric and cardiovascular-related vari-
ables at YH1 and YH3 are given in Table 1. As expected,
height, weight and BMI of both males and females (and the
cohort as a whole) increased significantly (P<0-001) from
YH1 to YH3. The number of smokers also increased signifi-
cantly within this time period, i.e. between the mean ages of
14 and 23 years (P<0-001, males; P=0-002, females; and
P<<0-001, alD. Total cholesterol concentration did not change
significantly from YH1 to YH3, but HDL concentration
decreased between the two time points in males (P<0-001)
and increased in females (P<<0-001); however, when assessed
together, no significant difference was apparent for HDL con-
centration (P=0-774). SBP and DBP increased significantly
from YH1 to YH3 (P<0-001 for males and females and
when assessed together for both SBP and DBP). Dietary com-
ponents listed in Table 1 are expressed per 4184k] to adjust

Table 1. General health and lifestyle characteristics and dietary intake of males and females who participated in Young Hearts (YH)1 and YH3

H. J. McCourt et al.

(Mean values and standard deviations)

All (n 487)

Females (n 238)

Males (n 249)

YH3

YH1

YH3

YH1

YH3

YH1

sD Mean sD P* Mean sD Mean sD P* Mean sD Mean sD P*

Mean

<0-001
<0-001
<0-001
<0-001
<0-001

1.6
0-1

226

1.5
0-1

139
111

<0-001
<0-001
<0-001
<0-001

1.7
01

22-8

1.6

0-1
11.0

14.0

<0-001
<0-001
<0-001
<0-001
<0-001

16
0-1

22.4

1.5
0-1

1141

139

Age (years)
Height (m)

171

70-0

1.

1.64
64-5

1.57

50-7

1.78
75-3

1.59
495

129

50-1

11.9

115

Weight (kg)

31 23-8 37

199

23-8 4.3

34

20-5

31

23-8

2-8

19-4

BMI (kg/m?)
Smoker

0-002

117
36-3

41
8.4

86
36-1

19
8:0

91
365

22
88

n

0/0
Cholesterol (mmol/l)

HDL (mmol/l)
SBP (mmHg)
DBP (mmHg)

0-109
0-774
<0-001
<0-001

0-9
0-4

4.6
188

0-8
0-3
12-6

4.5
13

114.7

0-273
<0-001
<0-001
<0-001

0-9
0-4

18:2

4.7

0-8
0-3
12.2

4.7

0-243
<0-001
<0-001
<0-001

0-9
0-3

4.5

0-8
0-3
12.9

4.4
1.3

1154

1.3
160-7
120-0

2570-3
107541

1.5
154.4
1170

1993-6

1.3
166-7
1229

31215
13060-4

114.0

174

18:2
922.5
38597

95
7797
3262-3

712
2590-2
10837-4

179
575-3
24071

9-4
643.8

725
2264-4

18-2
852.7
35677

9-4
772.0
3230-0

69-9
2901-6
12140-3

0-665
0-665
0-010
<0-001
<0-001

0-024

0-718

Energy (kcal/d)
Energy (kJ/d)

0-024
0-286
<0-001

8341.2

2693.7

9474.2

0-718

6.5
3.4

36-4

4.8
2.3

428

6.7

36-7

5.0
2.3

0-009 431

<0-001

6-2
19
0-9

4-6 36-2

426

Total fat (per 4-184 kJ)
Fibre (per 4-184 kJ)

MDS

6-3
37

8.3
441

4.4

0-9

7-0

37

87

5.7

23

8.0
44

0-9

1.5

0-004

1.5

0-019

37

1.5

SBP, systolic blood pressure; DBP, diastolic blood pressure; MDS, Mediterranean Diet Score.

*For each sex, differences between variables measured at YH1 and those measured at YH3 were assessed using paired-samples t tests and categorical data were assessed using McNemar's test.
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for differences in energy intake®V. Total energy intake
decreased significantly between adolescence and young adult-
hood in females (P=0:024) but not in males or when the
cohort was examined as a whole. Energy-adjusted total fat
intake (expressed per 4-184kJ) decreased significantly in
males and in the cohort as a whole (P=0-009 and P=0-010,
respectively), but did not change significantly in females.
Energy-adjusted fibre (expressed per 4:184k))
decreased significantly in males, females and the cohort as a
whole (P<0-001) between YH1 and YH3. Both males and
females and the cohort as a whole displayed a significantly
lower MDS at YH3 than at YH1 (P=0-019, males; P=0-004,
females; and P<<0-001, alD).

intake

Young Hearts 3 dietary patterns

Factor loadings, which represent correlation coefficients
between food groups and dietary patterns, for the derived
dietary patterns are given in Table 2. A total of four dietary
patterns were identified: ‘drinker/social’; ‘healthy’; ‘Western’;
‘sweet tooth’, and, together, they explained 29:5% of the var-
iance. Dietary patterns were named according to the food
groups loading highest in each of the four dietary patterns.
Factor 1 — drinker/social was characterised by the highest
factor loadings for white bread, alcohol, fats and meat
dishes. Factor 2 — healthy was characterised by high
factor loadings for fruits, vegetables and brown bread.

1689

Factor 3 — Western was characterised by high factor loadings
for soft drinks, crisps and chips. Lastly, factor 4 — sweet tooth
was characterised by the highest factor loadings for puddings,
chocolates and confectionery.

More males than females were in the highest fifth for the drin-
ker/social dietary pattern (P<0-001) and the Western dietary
pattern (P=0-003). Those with the highest drinker/social score
had greater weight (P<0-001), height (P<<0-001) and waist cir-
cumference (P<0-001) and tended to be smokers (P=0-002).
Participants with a higher healthy score had a higher PA score
(P<0:001), a higher socio-economic status (P<0-001) and
were less likely to be current smokers or to have ever smoked
(P<0-001). Higher Western scores were characterised by
increased weight (P=0-029)
(P=0-009). Higher sweet tooth scores were characterised by a
lower BMI (P=0-037) and also a trend of fewer current smokers
and more people who had never smoked (P=0-002). Partici-
pants with a high MDS had higher PA scores (P=0-002).
P values for categorical variables were calculated using unad-
justed x ? test, whereas P values for continuous variables were
calculated using linear regression analysis.

and waist circumference

Cross-sectional relationships between a posteriori dietary
patterns and CVD risk factors at Young Hearts 3

The associations between the various CVD risk biomarkers
and the PCA-derived dietary patterns are summarised in

Table 2. Factor loading* matrix for Young Hearts 3 (n 487) participants

Factor 1: drinker/social

Factor 2: healthy

Factor 3: Western Factor 4: sweet tooth

Fruits —0-226
Vegetables -
Brown bread -
White bread 0-683
Rice and pasta -
Pizza -
Chips 0-428
Potatoes 0-371
Soup —0-226
Fats 0-597
Cheese 0-233
Eggs and egg dishes 0-262
Meat dishes 0-557
Red meat 0-357
Poultry -
Fatty fish -
White fish -
Breakfast cereals -
Alcohol 0-621
Soft drinks -
Hot drinks -
Milk 0-364
Yogurts -
Biscuits and cakes -
Chocolate -
Confectionery -
Crisps -
Nuts -
Puddings -
Sugar and preserves 0-315
Condiments 0-262

0-660 - -
0-649 - -
0-555 - -
0-489 0-244 —0-214
—0-288 0-433 -

- —0-281 -
0-323 - -

- 0-249 -

- - 0-292

- 0-300 -
0-378 - -
0-470 - 0-208

- - —0-336

- 0-701 -

- —0-566 -
0-317 - 0-223
0-376 - -

- - 0-321

- - 0-505

- - 0-497

—0-264 0-518 -

- 0-295 -

- - 0-645
- —0-394 0-372
0-209 0-258 0-337

*Only food groups with factors loadings >0-2 were included.
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Table 3. CVD risk factors for the five groups of four dietary patterns determined by a posteriori principal component analysis in men and women who participated in Young Hearts 3 5
(Mean values and standard deviations; adjusted mean values and 95 % confidence intervals) 8
5th fifth
1st fifth (lowest intake) 2nd fifth 3rd fifth 4th fifth (highest intake)
Mean sD 95% CI Mean sD 95% ClI Mean sD 95% ClI Mean sD 95% ClI Mean sD 95% CI P* for trend R?
Factor 1: drinker/social (n 487)
Total cholesterol (mmol/l) 4.7 0-8 4.7 0-8 4.6 1.0 4.6 0-8 4.3 0.7 0-016 0-014
Full adjustmentst 01 -03,0-5 0-1 -0-2,05 0-0 —0-3,03 0-2 -0-1,05 Reference 0-118 0-193
TAG (mmol/l) 0-7 0-3 07 0-4 0-8 0-4 09 04 0-8 0-5 0-002 0-023
Full adjustmentst -0-2 —-0-4, 0-0 -0-2 -0-3, 0-0 -0-1 -0-2, 0-1 0-0 -0-1, 01 Reference 0-071 0-189
HDL (mmol/l) 1.5 0-4 1.4 0-4 1.3 0.3 1.2 0-3 1.3 0-3 <0-001 0-044
Full adjustmentst 0.0 -0-2, 0-1 —0-1 -0-2, 01 —0-1 -0-2,0:0 -0-1 -0-2, 00 Reference 0.775 0-176
LDL (mmol/l) 2.9 0-7 30 0-8 2.9 1-0 3.0 0-8 2.7 0-8 0-207 0-004
Full adjustmentst 0-2 -0-2,06 0-3 -0-1,06 0-1 -02,04 0-3 0-1, 0-6 Reference 0-027 0-199
SBP (mmHg) 115.8 199 155-1 17-6 160-2 17.7 168-3 192 164-0 16-5 <0-001 0-049
Full adjustmentst 2:0 -6-3,10-3 0.0 —-76,75 1.9 -4.5,83 4.5 -1.1,10-1 Reference 0.723 0-170
DBP (mmHg) 116-9 192 117.4 173 122.0 174 1256 192 1181 169 0.075 0-007
PWV (ms) 29 0-4 2.9 0-4 3:2 0-4 3.2 0-4 3-3 0-6 <0-001 0-125
Full adjustmentst —0-1 —-0-3, 0-1 -0-1 -0-2, 01 0-1 -0-1,02 0-0 —-0-2,0-1 Reference 0-323 0-260
HOMA 2:5 21 23 1.5 2:5 1.2 2:5 2:0 2:6 2:6 0-531 0-001
Homocysteine (p.mol/l) 93 3.0 10-4 5.0 10-0 5.0 107 6-2 9.7 4.8 0-513 0-001
Full adjustmentst 2.2 —-0-2,45 25 0-4,4.7 1.5 -0-3,33 1-4 -0-1, 3.0 Reference 0.032 0-124
Factor 2: healthy (n 487)
Total cholesterol (mmol/l) 4.5 0-8 4.7 09 4.6 0-8 4.7 09 4.4 09 0-723 0-723 =
TAG (mmol/l) 0-8 0-4 0.8 0-4 0.7 0-4 0-8 0-3 0-8 0-5 0-994 <0-001 -
HDL (mmol/l) 1.3 0-3 1.4 0-3 1.4 0.3 1.3 0-3 1.3 0-4 0.892 <0-001 —
LDL (mmol/l) 2.9 0.7 2.9 0-9 2.8 0.7 31 09 2.7 0-8 0-683 <0-001 =
SBP (mmHg) 162-0 197 1620 163 159-1 184 161-3 17-8 159-0 216 0-261 0-261 8
DBP (mmHg) 1211 19-6 121.7 152 119-0 182 121.0 169 117.0  20-8 0-136 0-005 g
PWV (ms) 3.2 0-6 31 0-4 31 0-4 31 0-4 3.0 0-4 0-172 0-004 =
Full adjustmentst 0-2 0.0,0-3 0-1 0.0, 0-3 0-1 0.0, 0-3 0.2 0.0, 0-3 Reference 0-020 0-269 Q
HOMA 29 28 23 1.2 23 1-4 23 11 26 26 0-324 0-003 Q
Homocysteine (p.mol/l) 119 7-3 107 51 9-8 41 94 4.0 8-4 2:2 <0-001 0-054 =
Full adjustmentst 26 0-8,4-3 21 0.5, 3.7 1.2 —-04,28 11 —-04,27 Reference 0-004 0-134
Factor 3: Western (n 487)
Total cholesterol (mmol/l) 4.7 1.0 4.5 0.9 4.6 0-9 4.6 0-9 4.6 0-9 0.720 <0-001
TAG (mmol/l) 0-8 0-4 0-8 0-4 0-8 0-3 0-8 04 0-8 0-4 0-951 <0-001
HDL (mmol/l) 1-3 0-3 1.3 0-3 14 0-4 14 0-3 1-3 04 0-328 0-002
Full adjustmentst -01 -0-2, 0-0 —-0-1 -0-2, 0-0 -0-1 -0-2,0-0 0-0 -0-2, 01 Reference 0-032 0-187
LDL (mmol/l) 3.0 0-9 2.9 0-8 2.9 0-8 28 0-8 2.9 0-8 0-430 0-001
SBP (mmHg) 159-8 206 1585 166 1589 182 162.0 199 164.2 183 0-041 0-009
Full adjustmentst -09 -6:3,45 -20 -77,37 -23 -7-8,3-3 1-8 —36,72 Reference 0-717 0-170
DBP (mmHg) 118-3 187 1181 17-8 119-4 191 120-8 189 123-3 165 0-029 0-010
Full adjustmentst -3.0 —86,26 —4.3 —-101,1.6 -27 -85, 30 -07 —6:3, 49 Reference 0-162 0-074
PWV (ms) 31 0-4 31 0.6 3.0 0-4 31 0-4 3.2 0-4 0-152 0-005
HOMA 26 2:6 2:6 2:4 2.3 1.5 2:6 1.9 2.2 1.0 0-211 0-004
Homocysteine (n.mol/l) 93 4.0 92 4.0 9-1 3-0 99 34 12:6 7-6 <0-001 0-044
Full adjustmentst -32 —-4.8, —1.7 —-29 —4.5 -14 -3-2 -4.7,-16 —-25 -4.0, —1-0 Reference <0-001 0-161
Factor 4: sweet tooth (n 487)
Total cholesterol (mmol/l) 4.6 0-9 4.6 09 4.7 0-9 4.5 09 4.6 0-9 0.987 <0-001
TAG (mmol/l) 0-9 0-6 0-8 0-4 0.7 0-4 0-8 04 0.7 03 0-010 0-015
HDL (mmol/l) 1-3 0-4 1.4 0-4 1-4 0-4 1-3 0-3 1.3 0-3 0-224 0-003
Full adjustmentst 0-1 0.0, 0-2 0-1 0.0, 0-2 0-1 0-0,0-2 0-0 -0-1, 01 Reference 0-004 0-196
LDL (mmol/l) 29 0-8 2.8 0-8 2.9 0-8 29 0-8 2.9 0-9 0.327 0-002
Full adjustmentst -0-2 -0-5, 0-0 -0-3 -0-5, 0-0 -0-1 —04, 0-1 —-0-1 —0-4, 01 Reference 0-008 0-204
SBP (mmHg) 159-8 188 1573 20-8 1613 169 161.0 182 164.0 190 0-045 0-008
Full adjustmentst —4-6 -10-2,1-0 —4-0 -9:9,1.9 0-4 —5.3,6:0 -04 -57,50 Reference 0-011 0-183
DBP (mmHg) 119.2 184 116. 190 120-0 160 120-7 187 123-3 189 0-039 0-009
Full adjustmentst -4.7 —-10:5, 11 -6-0 —12.0, 0-1 -0-8 —6-7,5:0 -1.6 -71,40 Reference 0.014 0-083
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Table 3. Continued

5th fifth
(highest intake)

4th fifth

3rd fifth

2nd fifth

1st fifth (lowest intake)

P* for trend R?

95% ClI

SD

95% ClI Mean

SD

95% ClI Mean

SD

95% ClI Mean

SD

95% CI Mean

SD

Mean

<0-001
<0-001

0-904

0-5

31

0-5

31

04
1.0
32

3.0
2:2

0-4

3.0

0-6
2:2
5-8

32

PWV (ms)
HOMA

0-792
0-361

1-9
5.7

2:4

2:2
37

2.8
9.4

2.2
5.4

25
9-8

24
1.0

0-002

10-4

9-6

1

Homocysteine (pmol/l)

SBP, systolic blood pressure; DBP, diastolic blood pressure; PWV, pulse wave velocity; HOMA, homeostasis model assessment.

* Data were analysed using linear regression analysis (unadjusted, adjusted and further adjusted as described with CVD risk factors as the outcome and dietary patterns in quintiles as a continuous variable).

t Fully adjusted for age (years), sex, BMI (kg/m?), social status, physical activity, smoking status and energy (kJ).
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Table 3. In general, cardiovascular risk factors were signifi-
cantly related to the four dietary patterns in similar ways
when partially adjusted (for age, sex, BMI, socio-economic
status, PA and smoking status; data not shown) than when
fully adjusted (i.e. further adjusted for energy intake); thus,
only the fully adjusted data are given in the table. After full
adjustment, differences in CVD risk factors across dietary pat-
terns were as follows: participants with a higher drinker/social
score had lower LDL and homocysteine concentrations and
exhibited a trend for higher TAG concentrations of borderline
significance. A high healthy dietary pattern score was sig-
nificantly inversely associated with PWV and homocysteine
concentrations. A high Western dietary pattern score was posi-
tively associated with HDL-cholesterol concentrations, SBP,
DBP and homocysteine concentrations. The fourth and final
PCA-derived dietary pattern, sweet tooth, was positively
associated with LDL concentrations, SBP, and DBP and
inversely associated with HDL concentrations.

Cross-sectional relationships between a priori
Mediterranean Diet Score and CVD risk factors
at Young Hearts 3

The means and standard deviations (and adjusted difference
in the mean and 95% CI) of the same CVD risk biomarkers
at YH3 across tertiles of the MDS calculated at YH3 are
given in Table 4. In the partially adjusted model, the MDS dis-
played a significant inverse relationship with PWV (data not
shown for partially adjusted modeD.

Longitudinal change in the Mediterranean Diet Score
and CVD risk factors between Young Hearts 1 and
Young Hearts 3

Means for the MDS were as follows: YH1, 41 (sp 15, range
0-0-9-0); YH3, 3-7 (sD 0-9, range 0-8—6-1). As has been dis-
cussed previously, each participant was categorised as
having a ‘most adherent’ or ‘least adherent’ MDS at YH1 and
YH3, and four categories were then constructed to summarise
the change in the MDS between YH1 and YH3. The majority
of individuals were in group 1 — ‘least adherent MDS at
YH1 and least adherent MDS at YH3 (56-7 %), followed by
those in group 2 — ‘east adherent MDS at YH1 and most
adherent MDS at YH3' (25:5%), group 3 — ‘most adherent
MDS at YH1 and most adherent MDS at YH3 (9-0%), and
finally group 4 — ‘most adherent MDS at YH1 and least adher-
ent MDS at YH3' (88%). Table 5 summarises the association
between the change in the MDS from YH1 to YH3 and the
change in CVD risk biomarkers at YH3. A significant associ-
ation was observed for serum homocysteine concentrations
after adjustment for age, sex, BMI, social class, PA and smok-
ing status (data not shown), and this result was maintained
when further adjusted for energy (data given in Table 5
when a significant result was indicated). Serum homocysteine
concentration was highest in the group with ‘a most adherent
MDS at YH1 and a least adherent MDS at YH? and lowest in
the group with ‘a least adherent MDS at YH1 and a most
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Table 4. CVD risk factors for the three groups using the Mediterranean Diet Score (MDS) in men and women who partici-

pated in Young Hearts 3

(Mean values and standard deviations; adjusted mean values and 95 % confidence intervals)

1st third 3rd third
(lowest intake) 2nd third (highest intake)
Mean SD Mean SD Mean SD P for trend R2
MDS (n 487)
Total cholesterol (mmol/l) 4.7 0-9 4.5 0-8 4.6 1.0 0-475 0-001
TAG (mmol/l) 0.7 0-3 0-8 0-4 0-8 0-4 0-197 0-004
HDL (mmol/l) 1-4 0-3 1.3 0-3 1-4 0-4 0-757 <0-001
LDL (mmol/l) 29 0-8 29 0-8 28 09 0-366 0.-022
SBP (mmHg) 161-8 16-0 160-0 20-5 160-1 20-2 0-394 0-002
DBP (mmHg) 1211 171 1182 194 120-2 184 0-643 <0-001
PWV (ms) 31 0-5 31 0-4 31 0-5 0-259 0-003
Full adjustmentst 0-1 0-0 Reference 0-089 0-264
95% Cl 0.0, 0-2 0.0, 0-2 Reference 0-089 0-264
HOMA 24 1-4 2:6 2:6 24 19 0.737 <0-001
Homocysteine (umol/l) 99 3-8 10-3 5.9 9.9 51 0-935 <0-001
SBP, systolic blood pressure; DBP, diastolic blood pressure; PWV, pulse wave velocity; HOMA, homeostasis model nent.

*Data were analysed using linear regression analysis (unadjusted, adjusted and further adjusted as described with CVD risk factors as the

outcome and dietary patterns in tertiles as a continuous variable).

t Fully adjusted for age (years), sex, BMI (kg/m?), social status, physical activity, smoking status and energy (kJ).

adherent MDS at YH3'. No other significant results were
obtained.

Table 6 summarises the association between the change in
the MDS from YH1 to YH3 and the change in CVD risk bio-
markers across the same period. No statistically significant
association between the change in the MDS and the change
in CVD risk biomarkers was found in unadjusted or adjusted

analyses (data not shown).
Table 7 summarises the tracking patterns of the MDS from

YH1 to YH3. No tracking was identified for the MDS from
YHI1 to YH3.

The analyses summarised in Tables 3—7 were repeated fol-
lowing removal of the bottom 10 % of under-reporters (based

on the ratio of energy intake:BMR) in the sample. This did not
affect the results (data not shown).

Discussion

Cross-sectional relationships between a posteriori dietary
patterns, Mediterranean Diet Score and CVD

The inverse association observed between a healthy dietary
pattern (a similar relationship was also observed for the
MDS) and PWV in the present study is a new and important
finding within this age group. Long-term elevated PWV is
directly related to the risk of developing CVD®?. Little is

Table 5. Change in the Mediterranean Diet Score (MDS) from Young Hearts (YH)1 to YH3 and CVD risk biomarkers at

young adulthood (YH3)

(Mean values and standard deviations; adjusted mean values and 95 % confidence intervals)

Change in the MDS from YH1 to YH3

Least adherent
YH1—least

Least adherent

YH1-—most

Most adherent
YH1—-most adher-

Most adherent
YH1-least

adherent YH3 adherent YH3 adherent YH3 ent YH3

YH3 CVD risk biomarkers Mean SD Mean SD Mean SD Mean SD P*
BMI (kg/m?) 23.9 39 23.3 33 24.4 37 24.5 39 0-160
Waist circumference (cm) 785 10-8 771 9-4 799 10-1 80-4 10-8 0-218
Cholesterol (mmol/l) 4.6 0-8 4.5 1.0 4.7 1.0 4.7 1.0 0-661
TAG (mmol/l) 0-8 0-4 0-8 0-5 09 0-5 0-8 0-3 0-425
HDL (mmo/l) 1.4 0-3 1.4 0-4 1.3 0-3 1.3 0-4 0-233
LDL (mmol/l) 2.9 0-8 2.7 0-8 3.0 0-9 31 0-9 0-157
SBP (mmHg) 160-7 18-2 159-3 2039 162-8 171 1624 18-2 0-678
DBP (mmHg) 120-1 184 1192 186 1182 16-8 1231 17-8 0-603
PWV (ms) 3-1 0-4 31 0-5 31 0-5 31 0-4 0-791
HOMA 2.6 21 2.6 21 21 0-7 1.8 0-9 0-139
Homocysteine (umol/l) 9.9 4.5 9.6 4.5 11.4 6-4 10-8 6-6 0-151

Full adjustmentst -2.5 -2-3 -0-3 Reference 0-009

95 % Cl —4.4,-06 -4.3, -0-3 -27,21 Reference 0-009

SBP, systolic blood pressure; DBP, diastolic blood pressure; PWV, pulse wave velocity; HOMA, homeostasis model assessment.
*Data were analysed using multivariable regression analysis (unadjusted, adjusted and further adjusted as described).
1 Fully adjusted for age (years), sex, BMI (kg/m?), social status, physical activity, smoking status and energy (kJ).
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Table 6. Change in the Mediterranean Diet Score (MDS) from Young Hearts (YH)1 to YH3 and change in CVD risk biomarkers from YH1 to YH3
(Mean values and standard deviations)

Change in the MDS from YH1 to YH3
Least adherent Least adherent Most adherent Most adherent
YH1—least YH1-most YH1—least YH1-—most

adherent YH3 adherent YH3 adherent YH3 adherent YH3
Change in cardiovascular risk biomarkers
from YH1 to YH3...* Mean SD Mean sSD Mean sD Mean sSD Pt
BMI (kg/m?)t 4.0 3.0 3-8 2:6 37 3-0 3-5 3-0 0-688
Cholesterol (mmo/l)t 0-0 0-8 0-2 0-9 0-1 0-9 0-1 0-9 0-559
HDL (mmo/l)t 0-0 0-3 0-0 0-4 0-0 0-3 0-0 0-4 0-482
SBP (mmHg)t 46-7 20-7 44.5 221 44.4 174 46-8 184 0.727
DBP (mmHg)t 49.5 19-4 481 18-4 45.7 19.0 49.7 16-3 0-625

SBP, systolic blood pressure; DBP, diastolic blood pressure.
*Change calculated as YH3 values minus YH1 values.

1 Data were analysed using multivariable regression analysis (unadjusted, adjusted and further adjusted as described).

known about the relationship between dietary intake as
assessed by PCA-derived dietary patterns and arterial structure
and function, as assessed by PWV, but some evidence is emer-
ging relating dietary intake and arterial stiffness®. A systema-
tic review supports the evidence that strong adherence to a
Mediterranean-style dietary pattern in dietary interventions is
associated with significant improvements in endothelial func-
tion®”. The application of dietary indices such as the MDS
to studies in younger populations is increasing, but has
mostly been limited to examining relationships with anthropo-
metric measures. However, in a recent study carried out in
Greece® | adherence to the Mediterranean diet was found
to be negatively correlated with arterial stiffness, independent
of obesity, in 12-year-old children.

The role of homocysteine as an independent risk factor for
CVD remains controversial; however, it has been proposed
that it may be involved in both inflammatory and endothelial
function pathways®® and has been shown, in a preliminary
study, to be an independent risk factor for cardiovascular mor-
tality in older people®”. The inverse relationship between
homocysteine and vitamin B intake and status is well estab-
lished®®, but its relationship with dietary patterns in general
is less explored®®. In the present study, homocysteine was
the biomarker that was found to be most often associated
with the a posteriori dietary patterns (being associated with
three out of the four PCA patterns), and these associations
were generally in the expected directions. Similar relation-
ships have been reported in studies in adult populations in
the literature for broadly ‘healthy’ and ‘Western/refined’ diet-
ary pattern5(4’3("6o’(’2) . The present study, however, is one of
the first studies to report that such relationships between diet-
ary patterns and homocysteine are already evident in younger
adults.

In relation to other prominent associations between CVD
risk biomarkers and dietary patterns, lipids were also found
to display some notable associations in the present study.
The ‘sweet tooth’ dietary pattern was found to be associated
with an adverse lipid profile (increased LDL concentrations
and decreased HDL concentrations), and this has also been
reported by Newby et al®® in the Baltimore Longitudinal
Study of Aging and Eilat-Adar er al.*” in Alaskan Eskimos

(mean age 41-7 years). This has not been reported previously
in younger populations. This may be because the foods that
loaded most highly within the ‘sweet tooth’ dietary pattern
(namely puddings and chocolate) are high in fat, particularly
saturated fat, as well as sugar, and therefore have the potential
to alter plasma lipid concentrations. Again, similar to the find-
ings reported herein, another study has reported that a
Western dietary pattern is positively associated with HDL®.
It has been proposed that the high total fat content associated
with a Western dietary pattern may be responsible for
increased HDL concentrations. Recent research has indicated
that adverse lipid concentrations in young adulthood are
associated with coronary atherosclerosis 20 years later and,
therefore, Pletcher et al.®® highlighted that more emphasis
should be placed on the reduction of LDL concentrations
and the elevation of HDL concentrations in younger age
populations.

Comparison of dietary pattern approaches

There is limited scientific evidence directly comparing a priori
and a posteriori approaches in terms of their association
with health parameters or ability to predict chronic disease
development. To our knowledge, nine studies !4V 1o
date, all conducted in adult populations, have examined
both a priori and a posteriori dietary patterns. Among the
cross-sectional and case—control studies®” %7

sectional study reported that the a priori method was superior
at assessing sex hormone concentrations‘®” compared with
PCA-derived dietary patterns and both case—control studies
reported similar results for both methods in relation to color-

, One Cross-

ectal cancer risk®” and classification of acute coronary
syndrome and stroke outcomes””. Of the six prospective
studies comparing a priori dietary scores with a posteriori diet-
ary patterns, three indicated that both methods had a similar
ability to predict disease development or mortality(w’()()'ég),
one study indicated that the a posteriori method was superior
at assessing all-cause and CV mortality'®”, one study found
that the a priori MDS was associated with stroke risk, but no
associations were evident for a posteriori dietary patterns”’"
and one study found that neither a priori MDS nor a posteriori
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Table 7. Tracking patterns of the Mediterranean Diet Score between Young Hearts (YH)1 and YH3*

(Proportions and 95 % confidence intervals)

3rd third

2nd third

1st third

Overall
proportion of

Overall
proportion of

Proportion Proportion Overall pro-

Proportion

Weighted

of portion of desirable undesirable

trackingt

of
trackingt

95 % Cl

«§
0-12
0-08
0-10

95% CI changet 95% CI change 95% ClI

tracking

95% ClI

95% ClI

95% ClI

trackingt

0-03, 0-21

36-3, 65-6 36-6 30-6, 42-9 35.7 29-8, 42.0 277 22-3,33.7

51.0

17-8, 34-4
17.6, 337

43.0 32-4, 54.2 25-4
19-8, 31-3

Males

0-00, 0-17

23.7, 35-6
24-6, 32-8

34-0 28-2, 40-4 36-6 304, 43-0 29-4
311, 39-8

334, 66-7

50.-0

25.0

40-0 29-2,51-6

Females
All

0-04, 0-17

28-5

31.9, 40-6

36-1

35-3

396, 61-5

50-6

50-0, 68-5 25.2

416

*n 487 (males n 249 and females n 238).

1 Tracking by chance (random was 33 %).

1 Desirable change was defined as a positive change in the a priori dietary score from YH1 to YHS3, i.e. 1st third at YH1 to 2nd third or 3rd third at YH3. Undesirable change was defined as a change in the opposite direction, i.e.

2nd third at YH1 to 1st third at YH3.
§ Weighted « measured the agreement based on the third positions; k > 0-1 indicates no tracking.

H. J. McCourt et al.

dietary patterns were associated with the risk of hyperten-
sion®. In the present study, more relationships with CVD
risk biomarkers were evident for the PCA-derived dietary pat-
terns than for the MDS. However, the examination of the
relationship between the MDS and cardiovascular risk factors
was limited by the range of MDS achieved in this Northern
European cohort (only reaching a maximum of 6 points out
of 9 points on the MDS scale). Thus, a posteriori methods
may be advantageous in some situations. A priori and a poster-
iori approaches are, by their definitions, designed to answer
different questions: a posteriori analysis investigates what is
accounting for the variation in intakes and how well these var-
iances are related to risk, whereas a priori index-based dietary
analysis investigates whether or not variation from a prede-
fined diet is related to risk"®. Thus, the value of using both
approaches in tandem in epidemiological research warrants
further consideration as application of both may yield a
more complete picture of the complex relationship between
dietary exposure and disease status.

Longitudinal relationship between the Mediterranean Diet
Score and CVD

It has been proposed that diet and lifestyle in childhood and
adolescence may have a lifelong impact on the risk of chronic
diseases, such as hypertension, diabetes, certain cancers and
CVDY?. Longitudinal studies investigating the stability of
whole dietary intake and subsequent effect, if any, on CVD
risk biomarkers are well placed to enhance understanding of
this issue and, so, to aid public health planning and priority
setting in relation to diet and health. There is controversy
within the current literature about the extent to which dietary
intake tracks from childhood to adolescence and into adult-
hood. There are a number of studies that have reported that
tracking of dietary intake exists. However, it must be noted
that methods of tracking, including the follow-up time and
analysis, have been inconsistent within the studies. The
majority of the positive literature has focused on the assess-
ment of dietary intake tracking between adolescence and
adulthood over an average of 20-6 years®*7> =7 and between
childhood and adolescence, with an average follow-up period
of 65 years®*37778)

Research has also been conducted between adolescence
and young adulthood, similar to the age groups in the present
study. A study conducted by Patterson et al.”” reported evi-
dence of slight dietary intake tracking for food groups and
micro- and macronutrients over a 6-year period. The data
used were obtained from the European Youth Hearts Study
(EYHS I and EYHS ID), which was similar to the present
study in terms of participants’ age and follow-up period. How-
ever, it was clear that many of the participants of the EYHS I
and EYHS II did not remain in the same third of dietary
intake, and therefore their behaviours in both childhood and
adolescence were potentially modifiable””; this is in agree-
ment with the observation made in the present study that
the YH participants did not remain within the same third of
dietary intake from YH1 to YH3 for the MDS. The longitudinal
analysis focused on the MDS at YH1 and YH3 and the
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longitudinal relationship between diet and CVD risk bio-
markers. The MDS decreased significantly between the two
time points (for males and females and the cohort as a
whole); that is, the participants did not maintain their ranking.
Longitudinal assessment of dietary intake between the two
time points did not, in general, indicate an association
between the change in a priori dietary score and the change
in CVD risk biomarkers at YH3 or the change in risk bio-
markers between adolescence and young adulthood.

Not all such longitudinal studies have, however, provided
evidence of tracking. Studies reporting considerable changes
in eating behaviour between childhood and adolescence
have attributed these to physiological changes as well as
increasing independence and peer influence®®. There are a
number of studies that support the findings from the present
study that dietary intake is not stable. Previous research on
the YH cohorts has indicated changes in micro- and macronu-
trient intakes
hood®*73>. Bertheke Post et a
dietary intake was not stable during adolescence as defined
by groups of foods and nutrients even though their long-
term investigations from childhood to adulthood and their
reports on micro- and macronutrient intakes indicated low-
to-moderate tracking.

In summary, the present study does not, in general, indicate
tracking of the MDS or a longitudinal relationship between the
MDS and CVD risk factors. Although it would have been
encouraging in some respects to have found tracking of diet-
ary intake between adolescence and young adulthood, it is
perhaps not surprising that this was not the case. Many signifi-
cant life changes that could affect dietary intake take place in
the decade between adolescence and young adulthood. Most

between adolescence and young adult-

1% also indicated that

notably, alongside the major physical changes that occur,
increased independence and autonomy will have a significant
impact on food choice”. The idea that dietary patterns may
track from childhood/adolescence to adulthood, omitting the
transitional period when dietary patterns may be particularly
erratic, has not been fully investigated. It is possible that
although adolescence and young adulthood are periods of
substantial change, individuals may eventually revert back,
later in adulthood, to dietary patterns learnt at a younger
age. This idea has been insinuated by Bertheke Post et al.”®,
who reported that although there was moderate stability over
time (between 13 and 33 years), dietary intake was change-
able and open to influence during the late adolescence/
young adulthood phase. It was somewhat unexpected that
changes in diet, i.e. those whose diet effectively worsened
between the two time points, were not correlated with
changes in cardiovascular risk biomarkers over time. There
are some potential explanations for this: the typical CVD risk
biomarkers assessed may not have developed into clinically
significant values by such a young age in life and the stability
of total cholesterol and HDL-cholesterol from adolescence to
adulthood may be low®*V Also a period of 10 years, com-
mencing at the early life stages, may well be too short to
examine changes in cardiovascular risk biomarkers given the
slow evolution of atherosclerosis.

Strengths/limitations

As with all studies, there are a number of limitations that must
be recognised. The PCA has limitations associated with its
execution, which have been discussed by others® 5%, What
is encouraging is that the dietary patterns that have been
identified in the present study (drinker/social, healthy, Wes-
tern and sweet tooth) have also been identified by others
and appear to be reasonably reproducible among different
populations(%) . Another factor to consider is that knowledge
regarding the validity of dietary assessment techniques in pro-
ducing PCA-derived dietary patterns is limited. Dietary pattern
analysis has mainly relied on FFQ as the original data source,
and Hu et al® have reported that FFQ are valid tools for
dietary intake assessment in terms of the reproducibility of
dietary patterns. In the present study, diet history information
was used for the dietary pattern analysis, as done previously
by Slattery et al®”. Although the diet history method is
robust and well respected in nutritional epidemiology, it has
been infrequently used in dietary pattern analysis. This
method is also subjective and, therefore, may be particularly
vulnerable to exaggeration of perceived ‘healthy’ foods and
underestimation of perceived ‘unhealthy’ foods. The inclusion
of over- and under-reports may have had an impact on the
results presented, for example, precluding the detection of
significant associations if some foods were systematically
under-reported and therefore not represented within the
dietary patterns. However, it must be noted that the reprodu-
cibility of the diet history method has been investigated and
confirmed by van Staveren et al.®®. Longitudinal studies of
dietary intake are also subject to changes in food availability,
food consumption patterns and food promotion®”; such
changes are impossible to predict or calculate. The assessment
of dietary intake using the MDS may also introduce error into
these investigations. Median cut-offs were applied in the
assessment of dietary intake using the MDS and therefore an
element of a posteriori assessment was introduced. The
study population was from Northern Europe, which may
explain why the full spread of the MDS was not obtained
for the young adult participants at YH3; however, the full
spread was achieved for the adolescent participants at YH1
possibly due to parental influence. The YH1 cohort was a
2% representative sample of the whole of Northern Ireland
(age specific), and although the follow-up at YH3 was only
about a 50% response rate, the characteristics of those who
responded at YH3 did not differ markedly from those who
did not respond. The strengths of the present study include
the wealth of information collected at both time points,
which enabled the adjustment for a large number of con-
founding variables, giving even more strength to the results.
However, it must be noted that non-fasting blood samples
were obtained at YH1 and fasting blood samples were
obtained at YH3. However, previous research has indicated
that there are no clinically significant differences between
fasting and non-fasting lipid measurements®”. All other data
collection methodologies were standardised between the two
time points to allow for accurate comparison and conclusions
to be drawn. It must also be recognised that investigations that
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involve two time points are by default linear, and it is therefore
impossible to determine the form of potential change over

time®?.

Conclusion

Dietary pattern analysis, using a posteriori and a priori
techniques, revealed that some associations with CVD risk
biomarkers observed in older populations were already
evident in the young adult population. One new observation
in the young adult population was an inverse association
between a PCA-derived healthy dietary pattern and PWV. A
longitudinal association between a priori dietary score and
CVD risk biomarkers was not evident in this sample, and
nor was there evidence of tracking of the MDS between ado-
lescence and young adulthood. Given the natural evolution of
atherosclerosis, longer-term follow-up may be required to
fully explore and reveal any such associations. Even though
the MDS did not track strongly between these two life stages
in this sample, the associations between dietary patterns and
CVD risk biomarkers that were evident in young adulthood
indicate that it is still prudent to try to encourage good dietary
habits early in life to maximise chances of maintaining as
healthy a diet as possible throughout life.
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