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A range of individual nutrients and foods have been suggested to increase obesity risk in child-
hood, but the evidence is inconsistent. Dietary patterns that summarise the whole diet may,
however, be more informative. The aim of the present paper was to systematically review
the current evidence pertaining to overall dietary patterns in childhood and later obesity
risk. Studies eligible for review identified childhood dietary patterns using an empirical
method, i.e. principal components analysis, factor analysis or reduced rank regression, and
reported their prospective associations with an obesity-related outcome. Literature searches
identified 166 studies and of these, seven met the eligibility criteria. Despite differences be-
tween studies, a common dietary pattern was identified in all seven studies that was high in
energy-dense, high-fat and low-fibre foods. The quality of studies varied, however; the four
studies reporting positive associations between this type of dietary pattern and later obesity
risk were of consistently higher quality than those reporting null associations. The balance
of evidence from this systematic review indicates that dietary patterns that are high in en-
ergy-dense, high-fat and low-fibre foods predispose young people to later overweight and
obesity. It also highlights that examining multiple dietary factors within a dietary pattern
may better explain obesity risk than individual nutrients or foods. However, more prospective
studies are needed and dietary pattern research requires greater rigour and focus, to further
clarify the role of dietary factors in the aetiology of obesity and inform future interventions.

Dietary patterns: Obesity: Children: Adolescents: Cohort studies: Review

A range of specific nutrients and foods have been sug-
gested as important dietary determinants of obesity in
childhood and adolescence, including but not limited
to, fruit and vegetables(1), fibre(2), fat(3), fast food(4) and
sugary drinks(5). However, with the exception of sugary
drinks, where the evidence is increasingly clear(5), the
specific dietary risk factors for obesity in young people
remain a matter of debate.

It is plausible that the overall dietary pattern may
better explain obesity risk than individual nutrients or
foods. Dietary patterns can summarise the combined
and potentially synergistic effects of a repertoire of
foods contributing to usual dietary intake in a defined
population. Many food and nutrient intakes are strongly
correlated or colinear, providing the basis for dietary
patterns. This colinearity is partly due to the natural
composition of the human diet, which has evolved over

millennia by way of biology, ecology and culture.
Moreover, where food is abundant, as in most western
societies, dietary patterns may also be shaped by wider
determinants, such as food environments(6) and psychol-
ogy, e.g. social norms(7) and hedonic hunger(8). While
epidemiologists may wish to separate the effects of indi-
vidual exposures, e.g. foods and nutrients, the correlated
nature of dietary variables can make this difficult.
However, given the complexity of human diets, a focus
on only one food or nutrient while not considering others
may be questionable. This is where empirical dietary pat-
terns can assist, as they make use of the correlated nature
of dietary data to identify patterns in total food
consumption, offering a viable counterpoint to the
reductionist approach. In addition, the food-based infor-
mation provided by dietary patterns may be easier to
translate into guidelines for the public. For example,
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they can be interpreted in the context of substituting
foods positively associated with a dietary pattern linked
to greater disease risk, with foods that are negatively
associated with that pattern and thus, risk. Therefore,
dietary patterns may be a useful approach when con-
sidering dietary risk factors for obesity.

The purpose of the present paper was to systematically
review and summarise the current evidence on empirical
dietary patterns in childhood and later obesity risk.

Identification and review of evidence

Empirical dietary patterns

This review focused on studies that utilised empirical
methods to identify patterns in total food intake. Studies
employing diet indices or diet quality scores, e.g.
Healthy Eating Index(9) were not included, as diet indices
are not empirically derived and they usually focus on selec-
ted foods or nutrients rather than the total diet. Diet indi-
ces require many arbitrary decisions regarding cut-offs
for scoring, weighting item contributions to the total
score, and the scaling of scores. Some, for example,
the Mediterranean diet score(10), are strongly culturally
influenced and may not be applicable in different
populations.

To date, the most popular empirical dietary pattern
methods have included principal components analysis
(PCA), factor analysis (FA) and cluster analysis (CA).
In brief, these are a posteriori data reduction techniques
that identify underlying constructs or patterns in food in-
take. PCA and FA produce a number of dietary patterns,
each consisting of a set of factor loadings (one for each
food) that characterises a particular food and nutrient
profile at the population level(11,12). Individuals are
then given a z-score quantifying the degree to which
their reported dietary intake reflects the identified dietary
patterns, relative to others in the same study population.
These z-scores can be used as predictor variables to
model disease risk. CA is a less frequently applied dietary
pattern method that attempts to classify individuals into
mutually exclusive groups or clusters with similar food
intakes(13). Unlike PCA and FA, CA does not produce
continuous dietary pattern z-scores but rather, indivi-
duals are assigned membership to one of the identified
clusters, which precludes examination of dose–response
relationships.

PCA, FA and CA aim to explain the maximum vari-
ation in food intakes, but they do not necessarily explain
the maximum variation in nutrient intakes relevant to the
health outcome of interest(14). It is after all nutrients, the
product of food intake, that interact at the mechanistic
level to influence disease risk. Furthermore, these meth-
ods are entirely exploratory, and their dependence on
the data covariance can limit their reproducibility.

Reduced rank regression (RRR) is both an a priori and
a posteriori empirical method(14). RRR can be used to
identify combinations of food intake, or dietary patterns,
that explain the maximum variation in a predefined set of
intermediate (or response) variables. These intermediate
variables are hypothesised to be on the causal pathway

between food intake and a specific health outcome of
interest. The intermediate variables may be nutrient
intakes or biomarkers, but should be susceptible to
food intake and not be proxies for the outcome.
Similar to PCA and FA, RRR dietary patterns are char-
acterised by a set of factor loadings at the population
level, and individuals are scored for the dietary patterns
using a z-score. By including a priori information in the
form of intermediate variables, RRR can be a powerful
method for examining specific diet–disease pathways
that builds on prior knowledge. The incorporation of
a priori information in RRR dietary patterns may also
make them better at predicting disease risk than dietary
patterns identified using exploratory methods such as
PCA and FA(14,15).

Identifying the literature

Studies eligible for this review were (i) of prospective de-
sign, (ii) employed an empirical method (i.e. PCA, FA or
RRR) to identify dietary patterns in childhood or ado-
lescence, and (iii) reported associations between these
dietary patterns and a prospectively measured
obesity-related outcome. Eligible studies were identified
in the literature published between 1970 and June 2013
using electronic searches of PubMed and Web of
Science (English language only) and the following search
terms: dietary patterns; PCA; FA; RRR; children; ado-
lescents; obesity; BMI; overweight; weight. Reference
lists in eligible articles and relevant reviews(16,17) were
also hand searched. Studies on growth confined to in-
fancy were excluded. Studies using CA were excluded be-
cause their dichotomous scores were not considered
comparable with continuous dietary pattern z-scores pro-
duced by PCA, FA and RRR.

Study quality

At present, there is no universally accepted tool for scor-
ing the methodological quality of observational stu-
dies(18). In this review, a scoring tool applied by te
Velde et al.(19) (in a review of dietary and physical ac-
tivity behaviours and obesity in preschool children) was
used to assess the methodological quality of each eligible
study. The tool assessed study quality according to infor-
mation, validity and precision related to: (i) study popu-
lation and participation, (ii) study attrition, (iii) data
collection methods and (iv) data analysis methods
(Table 1). The scoring tool consisted of twelve criteria.
Each could be assigned one of three possible scores: a
positive score (+) if the study met the quality criterion,
a negative score (−) if it did not meet the quality cri-
terion, and a ‘?’ if a decision was not possible because
insufficient information was provided. Citations to ear-
lier papers were searched if information relevant to the
criteria could not be found in the primary paper. A
total quality score for each study was based on the num-
ber of positive scores for criteria reflecting validity or pre-
cision(19) (Table 1). Data from each study were extracted
into a summary table and scored for methodological
quality by two independent reviewers (G. L. Ambrosini
and D. Johns).
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Summarising the evidence

Meta-analysis can be used to combine statistical evidence
from more than one study to estimate a pooled effect.
However, this requires a sufficient number of comparable
studies with a common outcome and exposure measure-
ment, and limited between-study heterogeneity.Where ap-
propriate, ameta-analysis was undertaken using a random
effectmodel in STATA(20) to combine the log-transformed
results of eligible studies(21). The estimate of heterogeneity
was used to gauge the appropriateness of combining stu-
dies for a pooled effect.

As the number of eligible studies was not expected to
be large, a harvest plot was also employed to summarise
the evidence. Harvest plots are an alternative to
meta-analyses when large heterogeneity between studies
precludes their statistical combination(22). A harvest
plot was created by plotting each eligible study according
to its quality score and grouping studies by size and
finding (null, negative or positive)(22).

Results of literature review

Eligible studies

The literature searches identified 166 papers. Of these,
nine papers met the eligibility criteria, including two
that analysed the same cohort at different follow-up
ages(23,24) and one study published as a conference ab-
stract(25). The most common reason for exclusion at the
screening stage was cross-sectional study design. After
full screening, two of the nine eligible papers were
deemed invalid and excluded for issues we have previously
raised regarding the use of RRR(26). At the end of the
screening process, seven papers were eligible for review
(Fig. 1).

The seven eligible studies were conducted in
the UK(23,24), USA(27), Australia(25), Norway(28),
Finland(29) and Colombia(30) (Table 2). The median dur-
ation of follow up was 4·5 years. Follow-up ages ranged
from 3 to 39 years, however, most studies included follow
up until the mid-to-late teenage years. With the exception
of two studies, sample sizes approximated 1000 or more
subjects. All studies included appropriate adjustments for
confounders, including age, gender, physical activity,
socioeconomic status and maternal education. Two stu-
dies adjusted for total energy intake(29,30).

Five studies applied PCA or FA and two applied RRR
to identify dietary patterns. A comparable dietary pat-
tern was identified in all the seven studies that consisted
of a high consumption of energy-dense, high-fat and
low-fibre foods. These were labelled ‘snacking’, ‘junk/
convenient’, ‘sweet and salty snack foods’ ‘western’, ‘tra-
ditional’ and ‘energy-dense, high-fat, low-fibre’ (Table 3).
All of these patterns were characterised by high intakes
of confectionery and chocolate. High intakes of refined
grains (low-fibre bread and breakfast cereals, rice and
pasta), cakes and biscuits, savoury snacks and crisps,
and processed meat (sausages, bacon, ham, salami,
frankfurter/hot dogs) featured in most (83 %) of the pat-
terns. High intakes of sugar-sweetened beverages, full fat
milk, fried potato (chips), fats and oils, and takeaway
foods (burgers, pizza, kebabs, fried/crumbed chicken or
fish) featured in at least half of the patterns. Five of the
seven studies reported that these dietary patterns had
either negative factor loadings or were associated with
lower intakes of fruit, vegetables and fibre (indicated by
fibre, wholegrain, high-fibre breakfast cereal or high-fibre
bread intake) and higher intakes of total fat and satu-
rated fat(23,24,27,29,31). In the remaining two studies(28,30)

it was not possible to determine the foods or nutrients

Table 1. Criteria for assessing methodological quality of studies (adapted from(19))

I, V, P

Study population and participation (the study population represents the population of interest on key characteristics)
1 Sufficient informationa on sampling frame, recruitment methods, period of recruitment and place of recruitment

(geographical location)
I

2 Participation rate at baseline was at least 80%, or non-response was non-selective V
3 Sufficient informationa on key characteristics of the baseline study sample (i.e. subject number, age, gender, measured

diet and anthropometry variables)
I

Study attrition: loss to follow up not associated with key characteristics (i.e. included subjects adequately represents the study sample)
4 Provision of exact number of participants at each follow-up measurement I
5 Provision of exact information on follow-up duration I
6 Response at long term follow up (>12 months) was at least 70% of participants at baseline V
7 Non-response during follow up was non-selective, i.e. dropouts did not differ significantly from the study population in

terms of key characteristics
V/P

Data collection
8 Measurement of dietary intake using a quantitative method likely to represent usual dietary intake (i.e. at least 3d diet

record or an FFQ)
V

9 Measurement of weight status/overweight or obesity using objective measures (not self-report) V

Data analysis
10 Appropriate statistical models were applied, i.e. multivariate regression models including more than predictor variable V/P
11 The number of cases (i.e. overweight or obese) was at least ten times the number of independent variables V/P
12 Point estimates and measures of their variability (i.e. confidence intervals or standard errors) are provided I

Criteria related to: I, information; V, validity; P, precision.
a Sufficient to enable study replication.

Childhood dietary patterns and later obesity 139

https://doi.org/10.1017/S0029665113003765 Published online by Cambridge University Press

https://doi.org/10.1017/S0029665113003765


P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So
ci
et
y

negatively associated with their dietary pattern, because
neither negative factor loadings nor nutrient profiles
were reported(32,33).

Quality of eligible studies

There was 93 % agreement between the two reviewers and
differences in study quality scores were discussed to reach
a consensus. The final study quality scores ranged from 43
to 71% (Supplementary Table 1). The quality criteria met
least often related to participation rates and selective at-
trition. All studies scored negatively for achieving a par-
ticipation rate at baseline (beginning of analysed follow
up) of at least 80 % of the original cohort. Only two studies
reported investigating selective attrition during follow
up(23,34) and three studies did not achieve at least 70 % fol-
low up of the baseline sample 12 months later(23,27,28).
Other factors impacting study quality included reliance
on a very small number of overweight or obese chil-
dren(28) and the use of self-reported height and weight(27).

Summary of evidence relating to childhood empirical
dietary patterns and later obesity

Various obesity-related outcome measures were reported
in the seven eligible studies (Table 2). One study analysed
dietary pattern z-score as the outcome(28). Only three

studies: Avon Longitudinal Study of Parents and
Children (UK)(24); Western Australian Pregnancy
(Raine) Cohort (Australia)(25); Project Eating Among
Teens (USA)(27) had a comparable outcome measure-
ment (OR) and dietary pattern measure (continuous
z-score) suitable for meta-analysis. Of these, Project
Eating Among Teens(27) reported OR for four age- and
gender-specific subgroups. Therefore, a meta-analysis
combining the six OR from these three studies was
undertaken. This produced a large estimate of between-
study heterogeneity (78 %, P<0·0001), indicating that
statistically combining these studies was inappropriate,
and any estimated pooled effect misleading. There were
an insufficient number of studies to conduct
meta-analyses on other outcomes.

The harvest plot in Fig. 2 summarises the findings
from all seven eligible studies. It can be seen that all
four studies reporting a positive association between
the dietary pattern and later obesity were of consistently
higher quality than studies reporting null findings. No
studies reported inverse associations between the dietary
pattern and later obesity. The balance of evidence there-
fore supported a positive relationship between dietary
patterns consisting of energy-dense, high-fat, low-fibre
foods in childhood or adolescence and later obesity risk.

Fig. 1. (colour online). Flow diagram of the study identification process. RRR, reduced rank
regression.
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Table 2. Studies of common empirical dietary patterns* in childhood or adolescence and later obesity risk

Study (n in cohort)
Prospective
analysis (N)

Follow-up
ages

Follow-up
period Source

Pattern
method

Dietary
assessment

Dietary
pattern*

Association with weight
status† Confounders

Cardiovascular Risk in
Young Finns study,
Finland (n 3596)29

1200 3–18 to
24–39 years

21 years Population
based

PCA 48h recall ‘Traditional’ BMI z-score not associated with
dietary pattern score: BMI
z-score increased by 0·01
(SE=0·03, P=0·71) in women,
0·03 (SE=0·02, P=0·21) in men
per 1 SD unit increase in dietary
pattern score

Age, sex, total
energy intake,
smoking, physical
activity, years since
baseline

ALSPAC, UK
(n 14536)(23)

483 5–9 years 4 years Pregnancy
cohort

RRR 3-d diary ‘Energy-dense,
high-fat,
low-fibre’

Odds of excess adiposity (fat
mass index ≥80th percentile)
at 9 years per quintile of dietary
pattern score at 5 and 7 years
respectively: 1·26 (95% CI
1·03, 1·57, P for trend=0·03)
and 1·43 (95% CI 1·18, 1·73,
P for trend <0·0001).

Age, sex, dietary
misreporting,
maternal BMI,
maternal education,
BMI at baseline,
television viewing at
54 months

ALSPAC, UK
(n 14536)(24)

6772 7–15 years 8 years Pregnancy
cohort

RRR 3-d diary ‘Energy-dense,
high-fat,
low-fibre’

Odds of excess adiposity (fat
mass index ≥80th percentile)
per increasing quintile of
dietary pattern per year was
1·05 (95% CI 1·03, 1·08, P for
trend <0·001)

Age, sex, dietary
misreporting,
physical activity,
maternal education

Bogota School
Children Cohort
(n 3202)(30)

961 5–12 to
7–14 years

2 years School PCA FFQ ‘Snacking’ Children in the highest quartile
of dietary pattern scores had
0·09kg/m2 (95% CI −0·01,
0·19; P for trend=0·05) higher
BMI gain and 0·012mm (95%
CI 0·001, 0·022; P for
trend=0·05) higher gain in trunk
adiposity (subscapular: triceps
skinfold thickness) per year
compared to children in lowest
quartile

Age, sex, total
energy intake,
socioeconomic
status

Telemark County,
Norway (n 1045)(28)

427 9–13 years 4 years School PCA FFQ ‘Junk/convenient’ Change in dietary pattern score
not associated with moving
from normal weight to
overweight BMI category
between 4th and 7th grade
(β=−0·15, 95% CI −0·50,
0·19); the odds of remaining in
overweight BMI category was
not associated with ‘stable’ or
‘increased’ dietary pattern
scores (OR=0·8, 95%
CI 0·4, 1·7).

Sex, physical
activity, sedentary
activity, family
income, maternal
and paternal
education and
overweight

C
hildhood

dietary
patterns

and
later

obesity
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Table 2. (Cont.)

Study (n in cohort) Prospective
analysis (N)

Follow-up
ages

Follow-up
period

Source Pattern
method

Dietary
assessment

Dietary
pattern*

Association with weight
status†

Confounders

Raine study,
Australia(25)

1433 14 to 17 years 3 years Pregnancy
cohort

Factor FFQ ‘Western’ Odds of overweight or obesity
at 17 years per 1 SD increase in
dietary pattern z-score:
OR=1·98 (95% CI 1·06, 3·71)
for boys and OR=2·01 (95%CI
1·01, 4·02) for girls.

Age, sex, pubertal
stage, aerobic
fitness, dietary
misreporting

Project EAT, US
(n 1062)(27)

‡ 13–18 years 5 years School PCA FFQ ‘Sweet and salty
snacks’

Odds of overweight or obesity
five years later (based on
self-reported BMI) not
associated with quintile
of dietary pattern score:
OR=0·92 (95% CI 0·71, 1·19)
for girls, OR=0·99 (95%
CI 0·74, 1·34) for boys.

Age, sex, race/
ethnicity,
socioeconomic
status, other dietary
patterns, physical
activity and
baseline weight
status

‡ 16–21 years 5 years School PCA FFQ ‘Sweet and salty
snacks’

Odds of overweight or obesity
five years later (based on
self-reported BMI) not
associated with quintile of
dietary pattern score: OR=0·97
(95% CI 0·83, 1·14) for girls,
OR=0·86 (95% CI 0·72, 1·03)
for boys.

Age, sex, race/
ethnicity,
socioeconomic
status, other dietary
patterns, physical
activity and
baseline weight
status

PCA, principal components analysis; RRR, reduced rank regression; ALSPAC, Avon Longitudinal Study of Parents and Children; Project EAT, Project Eating Among Teens.
* Dietary pattern characterised by high intakes of energy-dense, high-fat and low-fibre foods.
†Reported associations between dietary pattern and prospective measure of weight status.
‡A total of 2516 were included from both age groups but the number in each age group was not reported.
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Table 3. Mapping of common dietary patterns and their key components

Study Young Finns ALSPAC* Bogota Telemark Raine Project EAT

Dietary pattern: ‘Traditional’
‘Energy-dense,
high-fat, low-fibre’ ‘Snacking’ ‘Junk/convenient’ ‘Western’

‘Sweet and salty
snack foods’

Key food group
Confectionery, chocolate + + + + + +
Cakes, biscuits + + + + +
Crisps, savoury snacks + + + + +
Processed meats† + + + + +
Refined grains‡ + + + + +
Full fat milk + + + +
Fried potato (chips, roasted) + + + +
Sugar-sweetened beverages + + + +
Total fat + + + +
Added fats, oils + + +
Takeaway dishes§ + + +
Fruit − − − −
Vegetables − − − −
High-fibre breakfast cereal/bread −
Wholegrains or fibre − − −

ALSPAC, Avon Longitudinal Study of Parents and Children (UK); Bogota, Bogota School Children Cohort (Colombia); Project EAT, Project Eating Among Teens
(USA); Raine, Western Australian Pregnancy (Raine) Cohort (Australia); Telemark, Telemark County (Norway); Young Finns, Cardiovascular Risk in Young Finns
Study (Finland). +, indicates that the food group/nutrient had a positive factor loading or a positive association with the dietary pattern; −, indicates either a
negative factor loading or a negative association with the dietary pattern.
* Both ALSPAC papers identified the same dietary pattern(23,24).
† Sausages, bacon, ham, salami, frankfurter/hot dogs.
‡ Low-fibre breakfast cereals and bread, rice, pasta.
§ Burgers, pizza, kebabs, fried/crumbed chicken or fish.

Negative
studies

Null studies Positive studies

Fig. 2. Harvest plot summarising prospective studies examining a dietary pattern in childhood or adolescence characterised by
high intakes of energy-dense, high-fat, low-fibre foods and later obesity risk. ALSPAC, Avon Longitudinal Study of Parents and
Children (UK); Bogota, Bogota School Children Cohort (Colombia); Project EAT, Project Eating Among Teens (USA); Raine,
Western Australian Pregnancy (Raine) Cohort (Australia); Telemark, Telemark County (Norway); Young Finns, Cardiovascular
Risk in Young Finns Study (Finland).
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Discussion

Summary of findings

This systematic review has identified support for a posi-
tive relationship between empirically derived dietary pat-
terns in childhood or adolescence that are high
in energy-dense, high-fat, low-fibre foods and later
obesity risk. Another review recently concluded that
energy-dense diets(35) are a risk factor for obesity in chil-
dren, but there is less evidence specifically for dietary
fibre(2) and dietary fat(3). These results of the present re-
view therefore provide evidence that these correlated
dietary factors may be important for childhood obesity
when considered together in an overall dietary pattern,
rather than as separate entities.

This review’s conclusion is based on findings from
high-quality studies; however, it has highlighted several
limitations in the existing literature. Most clearly, there
is a paucity of prospective studies on dietary patterns
and obesity risk in young people. There is a predomi-
nance of cross-sectional studies, but these cannot reliably
inform causation, or more specifically, the temporal se-
quence between dietary intake and obesity development.
Once overweight or obese, individuals may change
their dietary intake in an effort to combat further weight
gain or encourage weight loss. As a result, associations
reported in cross-sectional studies may reflect reverse
causation and confuse our understanding of the true
aetiological relationships.

Challenges combining the evidence

It is not possible to statistically combine the results of
prospective studies published to date on empirical dietary
patterns and obesity risk in young people. The initial ob-
stacle was the reporting of different outcome measures.
In the Telemark County (Norway)(28) and Western
Australian Pregnancy (Raine) Cohort(25) studies, over-
weight or obesity was defined using International
Obesity Task Force(36) cut offs for BMI. In Project
Eating Among Teens(27), overweight or obesity was
defined as having a BMI ≥85th percentile using US ref-
erence data(37). In both Avon Longitudinal Study of
Parents and Children analyses(23,24) excess adiposity
was the outcome and was defined as those subjects who
were above the 80th percentile for fat mass index, a cut-
off that also identified overweight or obese individuals
according to their BMI in this cohort(23). Other studies
reported BMI(30), BMI z-score(29) or trunk adiposity(30)

as outcomes. Greater consistency in the reporting of out-
come measures would enable more study comparisons.

Even among studies reporting similar outcome mea-
sures there was considerable heterogeneity, suggesting
other contributors to between-study differences. Several
factors are likely, but the differences in empirical dietary
pattern methods are notable. The majority of studies
used exploratory dietary pattern methods (PCA, FA)
and although the key foods featuring in the observed
dietary patterns were highly comparable, exploratory
dietary patterns may lack specificity, limiting their com-
parability. On the other hand, RRR characterises more

specific dietary patterns based on a set of predefined in-
termediate variables, and this specificity could increase
their reproducibility. Another source of variation is the
differences in number (ranging from 23(29) to 152(27))
and type of food groups included in each dietary pattern
analysis. This will impact the observed dietary patterns,
their factor loadings and scores. Most studies used either
a FFQ or a 3-d diet diary; one used a 48h dietary recall
and this may be less representative of usual dietary intake
in young people, who show greater day-to-day variation
in dietary intake than adults(38). The sources of error in
these dietary assessment methods may also vary. These
differences may have influenced the dietary patterns
observed in each study.

Childhood and adolescence includes periods of rapid
growth and development, with accompanying changes
in autonomy. The risk factors for obesity are multifactor-
ial and the most influential risk factors may change with
age. For example, in the Avon Longitudinal Study of
Parents and Children, the association between an energy-
dense, high-fat, low-fibre dietary pattern and adiposity
diminished between 7 and 15 years of age(24). Although
the majority of studies identified in this review focused
on teenage years, there were some variations in follow-up
ages. Additional data will allow a more precise consider-
ation of the potential changing nature of dietary patterns
during childhood and adolescence.

Methodological issues

There were considerable differences in study quality. All
studies failed to follow up >80% of their original cohort,
and most of the studies did not report on possible selec-
tive cohort attrition. Although dietary assessments are
sometimes limited to cohort subsets for reasons beyond
researchers’ control, e.g. limited resources, investigations
into selectiveness and attrition are to be encouraged. The
differences between studies identified in this review pres-
ent a challenge to orthodox meta-analysis. However,
using harvest plots it has been possible to gain an over-
view across all eligible studies, reducing the risk of selec-
tion bias.

Other methodological issues not assessed by the qual-
ity scoring tool are worth noting. Dietary misreporting,
particularly under-reporting, can obscure observed
diet–disease relationships(39). This is especially relevant
in obesity research, as dietary under-reporting is strongly
associated with overweight and obesity(38) and may be re-
lated to reported dietary intake, as particular foods may
be more susceptible to under-reporting(40). Furthermore,
dietary under-reporting is common among older children
and adolescents(38). All the three studies that attempted
to control for dietary under-reporting observed positive
associations between their dietary patterns and later
obesity. Another debated issue in nutrition epidemiology
is adjustment for total energy intake. Two studies in-
cluded in this review adjusted for total energy intake in
their analysis(29,30). However, it can be argued that this
is an over adjustment that may lead to under-estimating
the true association, because total energy intake is
assumed to be on the causal pathway to obesity.
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The identified dietary patterns were not always well
described. For example, many studies reported only
those factor loadings outside an arbitrary (and variable)
cut-off. One study did not report factor loadings for all
dietary patterns (these were requested from the
author)(30). Many studies did not describe the nutrient
profiles of their dietary patterns or the amount of vari-
ation explained by their patterns. Better reporting of em-
pirical dietary patterns is needed to support comparison
and replication, and to improve our understanding of
dietary patterns and health outcomes.

Conclusions

The balance of evidence from this systematic review is
that empirical dietary patterns that are high in energy-
dense, high-fat and low-fibre foods predispose young
people to later overweight and obesity. This review also
demonstrates that examining multiple dietary factors as
a dietary pattern may better explain obesity risk than
individual nutrients or foods. However, more work is
required to clarify these relationships. To assist in de-
veloping and focusing obesity intervention efforts, more
well-designed prospective studies are greatly needed.
Research on empirical dietary patterns would benefit
from a more focused approach and hypothesis-driven
methods such as RRR may assist in clarifying potential
pathways and minimise confusing public health mes-
sages. Such focus and more consistent reporting would
also facilitate greater replication, i.e. the testing of similar
dietary patterns in various study populations, to confirm
associations and their generalisability.
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