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Abstract

This study systematised and synthesised the results of observational studies that were aimed at supporting the association between dietary
patterns and cardiometabolic risk (CMR) factors among adolescents. Relevant scientific articles were searched in PUBMED, EMBASE, SCIENCE
DIRECT, LILACS, WEB OF SCIENCE and SCOPUS. Observational studies that included the measurement of any CMR factor in healthy
adolescents and dietary patterns were included. The search strategy retained nineteen articles for qualitative analysis. Among retained articles,
the effects of dietary pattern on the means of BMI (n 18), waist circumference (WC) (n2 9), systolic blood pressure (1 7), diastolic blood
pressure (12 6), blood glucose (72 5) and lipid profile (1 5) were examined. Systematised evidence showed that an unhealthy dietary pattern
appears to be associated with poor mean values of CMR factors among adolescents. However, evidence of a protective effect of healthier
dietary patterns in this group remains unclear. Considering the number of studies with available information, a meta-analysis of
anthropometric measures showed that dietary patterns characterised by the highest intake of unhealthy foods resulted in a higher mean BMI
(0-57 kg/m2; 95 % CI 0-51, 0-63) and WC (0-57 cm; 95 % CI 0-47, 0-67) compared with low intake of unhealthy foods. Controversially, patterns
characterised by a low intake of healthy foods were associated with a lower mean BMI (-0-41 kg/m?2; 95 % CI —0-46, —0-36) and WC (=0-43 cm;
95 % CI —0-52,—-0-33). An unhealthy dietary pattern may influence markers of CMR among adolescents, but considering the small number and
limitations of the studies included, further studies are warranted to strengthen the evidence of this relation.
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The term cardiometabolic risk (CMR) refers to clinical Considering that adolescents are mainly attracted to unheal-

abnormalities that predict chronic disease, such as CVD and/or
type 2 diabetes. The term was proposed by the American
Diabetes and Heart Associations and has been adopted by
scientists and clinicians to describe a set of clinical signs that
include hyperinsulinaemia, abdominal obesity, atherogenic
dyslipidaemia (reduced HDL-cholesterol and hypertriglycer-
idaemia) and elevated blood pressure (BP)(l’Z).

Nowadays, these clinical findings are more frequently diag-
nosed in youth as a consequence of the worldwide increase in
the prevalence of individuals who are overweight or obese®®
and as result of unsuccessful strategies to prevent this tendency.
Their association with metabolic and vascular abnormalities, the
impact on costs to health systems and the low quality of life
associated with chronic diseases are concerns among medical
societies” ™. Early exposure to these alterations may contribute
to the premature development of atherosclerosis, hypertension
and diabetes mellitus in adolescence or during adulthood "%,

thy lifestyles (e.g. sedentary habits, time spent using electronics,
meal skipping and a low preference for food with good nutri-
tional value) and are subject to hormonal changes associated
with sexual maturation, adolescence can be considered as a
vulnerable period of life in terms of CMR?%!,

Considering the risk factors associated with lifestyle that
adolescents are exposed to, dietary quality is a major con-
tributor and has been considered an important modifiable risk
factor for the prevention of cardiometabolic alterations® .
High-quality diets characterised by high intake of fruit, vege-
tables, legumes, dairy products, whole grains and nuts, which
are more evident in prudent/healthy dietary patterns, are
associated with protective effects against cardiometabolic
diseases among adults™>™'”. Among adolescents, such evi-
dence is scarce because few studies have tested the association
between dietary patterns and CMR factors and because of the
lack of consensus of standardised cut-off points to classify the

Abbreviations: BP, blood pressure; CMR, cardiometabolic risk; DBP, diastolic blood pressure; PC, principal component; SBP, systolic blood pressure; WC, waist

circumference.
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outcomes in this group, making it difficult to compare studies
conducted worldwide™®1?. Therefore, in this investigation, the
impact of healthy/unhealthy dietary patterns was evaluated on
the mean values of cardiometabolic markers in adolescents. The
findings support the lack of consensus in this field through the
consolidation of studies that have investigated this relationship.
Furthermore, they will contribute to developing intervention
programmes and to defining preventive strategies to decrease
the progression of CVD in this stage of life.

Thus, the objective of this systematic review and meta-analysis
was to systematise and synthesise the results of observational
studies with the aim of demonstrating the association between
dietary patterns and CMR factors among adolescents.

Methods
Search strategy

From Apiril to June 2017, two researchers independently sear-
ched MEDLINE via PubMed, EMBASE, SCIENCE DIRECT,
LILACS, WEB OF SCIENCE and SCOPUS. The search criteria
were not limited by study publication date, and researchers
used the following combination of Medical Subject Heading
(MeSH) terms, exploding all trees: ‘Dietary Pattern’ OR ‘Food
Pattern’ AND ‘Blood Pressure” OR ‘Diastolic’ OR ‘Systolic’ AND
‘Cholesterol’ AND ‘Blood sugar’ OR ‘Blood glucose’ OR ‘Fasting
Glucose’” AND ‘Triglycerides’” OR ‘Triacylglycerol’” AND ‘Waist
circumference’ AND ‘Adolescent’ OR ‘Teen®.

The search strategy retrieved 4847 articles, and the researchers
concluded which studies would be finally selected for data
synthesis according to the inclusion and exclusion criteria pre-
sented in Table 1. Any disagreement between the researchers
during the study selection period was resolved through discussion
with a third researcher. The reference lists of the identified papers
and thematic reviews were searched, and eleven additional stu-
dies were identified. The abstracts from the data sources were
pooled and imported into the Endnote Reference Manager in its
online version. Fig. 1 summarises the study selection process.

Data extraction and quality assessment

For each original article included in the final list, the reviewers
downloaded and read the entire publication and extracted the

following data into a standardised Excel sheet to evaluate quality
and to synthesise the evidence: author, year of publication,
study’s country, sample size, sex, age range, type of study, out-
come measurement method, diet assessment method, statistical
method used to obtain the food pattern, labels of the identified
healthy and unhealthy patterns and the food components, and
means and standard deviations of the outcomes of interest.

The results of outcomes presented for the metabolic
syndrome, dyslipidaemia, hypertension and insulin resistance
were not included considering the variety and low standardi-
sation of cut-off points and references adopted by the scientific
community. The classification of healthy and unhealthy patterns
was followed according to the authors’ descriptions. When two
or more healthy or unhealthy patterns were presented, the
researcher considered a healthy pattern to mostly include
protective foods, such as fruits, legumes, vegetables, lean
meats, whole cereals, oils, seeds, tea, natural juice, dairy pro-
ducts and others. An unhealthy pattern mostly consisted of risky
foods, such as fast foods, snacks, sugared drinks, candies, trans-
fat and saturated fat sources, fried foods, sugar intake and
others. All discrepancies were identified and resolved through
discussion, and a third author was included when necessary.
Missing data were requested by sending an email to the
successful feedback. When
outcomes were reported using different measurement units, the
units were converted to the most commonly used units in
the literature.

The assessment of risk of bias was conducted by two inde-
pendent reviewers to determine the quality of the included
studies. We used a validated reference that was published by
Viswanathan & Berkman®” to evaluate the risk of bias and
precision of observational studies. The Research Triangle
Institute (RTD Item Bank on Risk of Bias and Precision of
Observational Studies includes a range of different study
designs, and the authors have provided instructions regarding
what items to use depending on the studies under assessment.
Considering the author recommendation and the type of studies
included in this article, we adopted twelve items to evaluate
cross-sectional studies (inclusion/exclusion criteria, recruitment
strategy, selection of the comparison group, blinding of out-
come assessor and validation of measures) and fifteen items for
cohort studies (three additional questions about study length

correspondence author with

Table 1. Inclusion and exclusion criteria for the selection of observational studies

Criteria Included Not included

Study type Observational Interventional

Type of publication Articles with available full texts Publications of scientific conference annals
Year of publication All -

Language English, French, Italian, German, Spanish or Portuguese = Chinese and Arabic

Sample characteristics

Healthy adolescents

Exposition Dietary patterns as exposition
Dietary pattern obtained by factorial, principal component,
multiple correspondence and cluster analysis
Outcome Cardiometabolic risk results expressed as the means

Samples containing adolescents aged 10-18 years

Samples composed only of individuals aged 9 years or less,
or >19 years

Adolescents presenting any disease (e.g., diabetes, mental
disturbances, renal disease, hypertension, HIV, cancer,
Down syndrome)

Dietary analysis for specific food groups, single nutrients, diet
quality index or meal patterns

Cluster or reduced rank regression analysis simultaneously
between diet and physical activity or lifestyle

Cardiometabolic expressed qualitatively
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and the impact of losses during follow-up). It was decided that a
cross-sectional study with four or more of the key items being
rated negative or unclear could not be rated as low risk of bias.
Similarly, cohort studies with five or more negative or unclear
items were considered potentially biased studies.

Statistical analysis

The association between dietary patterns and outcome vari-
ables and the respective CI (95% CID were quantified by syn-
thesising the data that were extracted using meta-analysis
techniques. Random effects models were considered to com-
pare the results between exposure to smaller amounts of food v.
larger amounts of food that comprised healthy and unhealthy
eating patterns because high heterogeneity was observed
among selected studies. To obtain the mean differences among
the outcomes, the way in which these outcomes were measured
was considered. The standardised mean difference (SMD) and
weighted mean difference (WMD) were used to evaluate out-
comes that were measured following distinct techniques and
those obtained by similar methods, respectively??.

The heterogeneity among the subgroups was quantified and
tested with the /% test. To explore the sources of heterogeneity, we
evaluated whether the study results differed according to the
sample size and mean age of the study population. Considering
the reduced number of included studies, the potential publication
bias using visual inspection of the funnel chart was not evaluated.
Meta-regression analysis was performed on variables that could
influence heterogeneity, such as BMI, mean age and sample size
of the studies. Energy intake in quintiles/quartiles/tertiles was not
used as part of the meta-regression because it was not informed
by most of the studies included in the meta-analysis. Furthermore,
we undertook the sensibility analysis to investigate the sources of
heterogeneity in the meta-analysis. All statistical tests were two-
sided (P<0-05), and calculations were conducted using the
software STATA (StataCorp. 2013, Stata Statistical Software:
Release 13; StataCorp LP).

Results
Study selection

The search strategy retrieved 4847 articles from the accessed
databases. Of these articles, 4194 articles were excluded after
duplication screening, and 287 articles were excluded on the
basis of title and abstract content. Full-text reading of 366
articles resulted in the exclusion of 347 articles, resulting in
nineteen articles for qualitative analysis and seven articles for
quantitative analysis. The final number of quantitative studies
for each outcome is presented in Fig. 1, considering that a single
study may present one or more outcome results of interest for
this research.

The selected studies were conducted in Australia
America(%’ZS), Asia(29’?’6), Europe(‘?ﬁ*‘?’()) and Africa®®. Most
were cross-sectional studies, and only two were cohort studies.
For diet assessment, eleven studies used a FFQ method (num-
ber of items ranged from thirty-eight to 168), and a dietetic
pattern was obtained in fourteen studies by using factorial

(22,23)
)

analysis. The characteristics of the retrieved studies and the
food content of healthy and unhealthy dietary patterns are
described in Tables 2 and 3. In addition, twelve studies were
classified as low risk of bias (Table 4).

Dietary patterns and lipid profile

The association between dietary pattern and serum lipids (total
cholesterol, LDL-cholesterol, HDL-cholesterol and TAG) was
identified in five studies. In an Australian study, Ambrosini
et al*® evaluated the association between dietary patterns and
the metabolic syndrome in 14-year-old adolescents. They found
that higher ‘Western’ pattern scores obtained by factorial analysis
were associated with an increasing trend in total cholesterol
(Pror wend Z 0-03) among girls and that boys showed greater mean
HDL-cholesterol concentrations associated with higher ‘Healthy’
pattern scores (Proy wrend Z 0-02). Ochoa-Avilés et al®? identified
that ‘wheat-dense animal-fat pattern’ mainly based on refined
wheat products, red meat, animal fat, dairy products and plantain
intake with low maize and whole-grain consumption was
associated with increased total cholesterol (P=0-02) and
LDL-cholesterol (P=0-04) among rural adolescents in Mexico.

In contrast to the positive association of ‘Western’ dietary pat-
tern with metabolic risk factors, Joung et al.*® observed in their
data on 3168 Korean adolescents aged 13-18 years old that the
‘Rice & kimchi’ pattern, which is similar to a traditional Korean
dietary pattern featuring high consumption of white rice, kimchi,
beans, vegetables and fish, was related to increased risk of ele-
vated serum TAG (OR 0-45; 95% CI 0-267, 0-781) and reduced
HDL-cholesterol levels (OR 0-684; 95 % CI 0-511, 0-916) compared
with a modified traditional pattern and a westernised dietary
pattern, respectively. In contrast, another Korean study of children
and adolescents conducted by Lee et al®® identified that
LDL-cholesterol levels were significantly lower in those with a
‘Traditional diet’ pattern than in those with a ‘Mixed diet’ pattern
(P<0:05), but this significant difference disappeared after adjust-
ing for age and sex. No differences in other blood lipid profiles or
the atherogenic index among the groups were observed.

In a large-sample cross-sectional study with 5267 Chinese
children and adolescents, Shang et al®? observed that total
cholesterol was significantly higher in those with a ‘Healthy’
dietary pattern than in those with a “Western’ dietary pattern
(4-13 (sp 0-76) v. 4-00 (sp 0-70) mmol/l, P=0-0065). However,
participants with a “Western’ dietary pattern had significantly
higher LDL-cholesterol levels (2:15 (sp 0:57) o. 2:07
(sp 0-64) mmol/l, P=0-0023) and lower HDL-cholesterol levels
(1-43 (sp 0-28) v. 1-49 (sp 0-30) mmol/l, P<0-001) compared
with those with a ‘Healthy’ dietary pattern. Participants with a
‘Western’ dietary pattern also showed significantly higher TAG
levels than their counterparts with a ‘Healthy’ dietary pattern
(0-93 (sp 0-45) v. 0-91 (sp 0-48) mmol/l, P<0-001).

Dietary patterns and serum glucose

Four cross-sectional studies included in this systematic review
tested the influence of dietary patterns on blood glucose level.
Shang et al.®® observed a higher level of fasting glucose among
participants with a ‘Western’ dietary pattern compared with
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Fig. 1. Flow diagram of the study selection process. RRR, reduced rank regression; WC, waist circumference.

those with a ‘Healthy’ dietary pattern (4-536 (sp 0-55) v. 4-466
(sp 0-49) mmol/l, P=0-0082). Similarly, Ambrosini et al®? found
that with increasing ‘Healthy’ dietary pattern scores, mean serum
glucose decreased among boys (Pro; wenda Z 0-01) and girls
(Pror wend Z 0-04). In a study by Ochoa-Avilés et al®® the ‘Rice-
rich non-animal fat pattern’, which reflects a high intake of white
rice, vegetable oil and tubers, together with a lower contributions
of animal fat, dairy products, pre-packaged food and other cereals
in the diet, was correlated with a moderate increase in glucose
blood levels among urban Ecuadorian adolescents (P<0-01).
However, Romero-Polvo et al.*> found no relationship between
mean glucose and highest and low quintiles of dietary patterns in
Mexican adolescents aged 10-16 years old.

Dietary patterns and blood pressure

Measures of BP and its association with dietary patterns were
tested by six cross-sectional studies. Hojhabrimanesh er al. %V,

in an analysis of a sample of 557 Iranian adolescents, found
that the multivariable adjusted means of the systolic BP (SBP)
and mean arterial pressure of subjects in the highest tertile of
the “Western’ pattern score were significantly higher than those
in the lowest tertile (for SBP: mean difference 6-9 mmHg,
P=0:001; and for mean BP: mean difference 4-2mmHg,
P=0-003). After stratification for sex and age, the mean values
of SBP, diastolic BP (DBP) and mean BP of 12-15-year-old male
subjects in the highest tertile of the “Western’ pattern score were
significantly higher than those in the lowest tertile (SBP: mean
difference 14-5mmHg, P=0-001; for DBP: mean difference
6-5mmHg, P=0-015; and for mean BP: mean difference
9-2mmHg, P<0-001). A statistically insignificant difference was
observed in terms of the multivariable adjusted means of the
mean BP of 12-15-year-old girls (mean difference 4-7 mmHg,
P=0-064).

In the study by McNaughton et al.*® of adolescents aged
more than 16 years, the ‘Fruit, salad, cereals and fish’ pattern
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Table 2. Cross-sectional and cohort studies of dietary patterns and cardiometabolic risk markers among adolescents
(Mean values and standard deviations of BMI, waist circumference (WC) and blood pressure (BP))

Diet Method used to Elected healthy and not healthy Mean Mean Mean RTI (risk of
Sample size  Age range assessment  identify dietary patterns and food BMI Mean SBP DBP bias
References, country Population (sex) (years) Type of study method (items) dietary pattern content (kg/m?) sD WC (cm) sD (mmHg) sD (mmHg) sD (points))
Alizadeh et al.?®, Iran  Adolescents 244 (qirls) 11-15 Cross-sectional FFQ (162) Factor analysis Healthy Present (8)
‘Lacto-vegetarian’: high intake of  T1: 20-6 35 T1: 639 08
legumes, potato, other T3: 187 03 T3: 60-0 08

vegetables, dough, high-fat
dairy products and margarine
Not healthy

‘Western’: pizza, organ meats, T1: 194 33 T1: 615 0-8

fruit juices, sweets, desserts, T3: 20-3 3.6 T3: 62.7 0-8

high-fat dairy products, poultry,

processed meats, fruits and

refined grains

Ambrosini et al.®?, Adolescents 1139 (boys 14 Cross-sectional FFQ (112)  Factor analysis Healthy Low (12)
Australia and girls)
‘Healthy’: whole grains, Girls Girls Girls
vegetables, cruciferous, dried, Q1:21-8 4-8 Q1:759 119 Q1:111:0 119
fresh and canned fruits, Q4: 22.5 4.2 Q4: 770 12.7 Q4:113.0 119
legumes, fish, low-fat dairy Boys Boys Boys
products and nuts Q1: 214 618 Q1:76:8 123 Q1:117.0 123
Q4: 211 433 Q4:762 1441 Q4:117.0 123
Not healthy
‘Western’: red meat, processed Girls Girls Girls

meat, takeout foods, refined Q1: 209 3:6 Q1:735 119 Q1:112.0 156
grains, French fries, potato, Q4: 22-6 5.2 Q4: 777 16-9 Q4:112.0 104

confectionery, crisps, soft Boys Boys Boys
drinks, cakes, biscuits, sauces, Q1: 212 6-3 Q1: 755 1697 Q1:118.0 141
dressings, full-fat dairy Q4:214 56 Q4:777 1486 Q4:1180 212

products, fried fish, poultry,
eggs and added sugar

Aounallah-Skhiri Adolescents 1019 (boys 15-19 Cross-sectional FFQ (134) Multiple Healthy Low (10)
et al“%, Tunisia and girls) correspondence
analysis
‘Meatfish’: fish and meat. Girls Girls Girls Girls

Decreased consumption of T1: 222 0-3 T1:71.7 0.7 T1: 1109 09 T1:656 0-8
white bread, dairy products, T3: 221 03 T3:733 07 T3: 1109 09 T3:670 08

sugars and confectionery and Boys Boys Boys Boys
butter T1: 201 0-3 T1: 710 0-6 T1: 1130 08 T1:667 0-8
T3: 216 0-4 T3: 771 0-8 T3: 1161 12 T3:691 07
Not healthy
‘Modern’: white bread, dairy Girls Girls Girls Girls
products, sugars, added fats, T1:21.9 0-2 T1:71.2 0-6 T1:113-3 07 T1:661 07
fresh fruits and eggs. T3: 221 0-4 T3: 732 0-8 T3: 108-9 1.0 T3:66-2 0-8
Decreased consumption of Boys Boys Boys Boys
oils, cereals and grains T1: 197 0-2 T1:71-0 06 T1: 1139 09 T1:66:0 0-8
legumes and vegetables T3: 207 04 T3: 771 0-8 T3: 112.7 12 T3:684 09
Bahreynian et al®o, Children and 637 (boys 7-11 Cross-sectional FFQ (160) Factorial analysis Healthy Low (12)
Iran adolescents and girls)
‘Healthy’: fruits, different kinds of Girls
vegetables, low-fat dairy Q1: 199 4-8
products, fish and poultry, Q4:190 38
legumes and nuts Boys
Q1: 198 39
Q4:203 03
Not healthy
‘Western’: processed meat, pizza, Girls
snacks, soft drinks, Q1: 195 38
mayonnaise, refined grains Q4: 20-6 4.7
Boys
Q1:189 37
Q4:212 38
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Table 2. Continued

Diet Method used to Elected healthy and not healthy Mean Mean Mean RTI (risk of
Sample size  Age range assessment  identify dietary patterns and food BMI Mean SBP DBP bias
References, country Population (sex) (years) Type of study method (items) dietary pattern content (kg/m?) SD WC (cm) sSD (mmHg) sD (mmHg) SD (points))
Del Mar Bibiloni Adolescents 219 (boys 12-17 Cross-sectional 2-d 24-h DR Factorial analysis Healthy Low (9)
et al®”), Spain and girls) and FFQ (118)
‘Mediterranean’: yogurt and T1: 216 30

cheese, red meat, poultry, fish T3: 21-4 31

and seafood, eggs, legumes,

pasta, fresh fruit, fruit juices,

vegetables, potatoes,

tubercles and olive oil

Not healthy

30

30

‘Western’: yogurt and cheese, T1: 2
dairy desserts, red meats, T3: 21-
poultry, sausages, eggs,
bread, cereals, pasta, rice
dishes, pizza, fruit juices,
canned fruits, nuts, soft drinks,
high-fat foods, other oils and
fats, sweets and chocolates

ENyC)

Gutiérrez-Pliego Adolescents 373 (boys 14-16 Cross-sectional FFQ (116) Principal Healthy Present (4)
et al®), Mexico and girls) component
analysis

‘Prudent’: vegetables, legumes, T1: 264 36
nuts and seeds, fruits and T3: 218 34
whole grains

Not healthy

‘Westernised’: refined cereals, T1: 231 3.0
snacks, desserts, sweets and  T3: 26-2 39
sugar, pastries and soda

Hojhabrimanesh Adolescents 557 (boys 12-19 Cross-sectional FFQ (168) Factorial analysis Healthy Low (11)
et al®, Iran and girls)

‘Prudent’: fruits and fruit juices, T1: 211 4.2 T1: 714 102 T1:120-8 164 T1:798 114
low-fat dairy products, nuts, T3: 212 4.2 T3: 717 93 T3: 1234 184 T3:817 109
olive, fish, pickles, vegetables
and salt

Not healthy

‘Western’: soft drinks, sweets and T1: 20-9 4.2 T1: 706 96 T1: 117.2 176 T1:786 115
desserts, salt, mayonnaise, tea T3: 215 4.4 T3:72.7 97 T3: 126-3 176 T3:829 104
and coffee, salty snacks, high-
fat dairy products, French fries
and red or processed meats

Joung et al.®®, Korea Adolescents 3168 (boys 13-18  Cohort 24-h DR Cluster analysis Healthy Present (5)
and girls)
‘Bread and meat and fruit and 209 34
milk’: grain, flour, bread, pizza,
hamburgers, snacks, sugar,
candy, meat and meat
products, fruit, milk and dairy
products
Not healthy
‘Rice & Kimchi’: white rice, kimchi, 21 34
beans, vegetables and fish

ssald Aussanun abprquwed Ag auljuo paysiiqnd €£50008157 1L 1L£000S/£101°01/6B10"10p//:sdny


https://doi.org/10.1017/S0007114518000533

Nf British Journal of Nutrition e, )

Table 2. Continued

Diet Method used to Elected healthy and not healthy Mean Mean Mean RTI (risk of
Sample size  Age range assessment  identify dietary patterns and food BMI Mean SBP DBP bias
References, country Population (sex) (years) Type of study method (items) dietary pattern content (kg/m?) SD WC (cm) SD (mmHg) SD (mmHg) SD (points))
Lee et al.®, Korea Children and 2704 (boys 1-19 Cross-sectional 24-h DR Factor analysis and Healthy Present (6)
adolescents and girls) cluster analysis
‘Traditional’: rice, kimchi, fish and 111.0 114 65-0 109

shellfish, beef, vegetables,
seaweeds, oils and oriental
sauces
Not healthy
‘Westernised fast food’: pizza and 1100 137 65-8 10-5
hamburger, poultry, beverages,
cookies, sweets, teas eggs,
poultry, potatoes, processed
meat, western sauce, solid fats
and mayonnaise
McNaughton et al®®,  Adolescents 764 (boys 12-18 Cross-sectional FFQ (108) Factorial analysis Healthy Low (11)
Australia and girls)
‘Fruit, salad, cereals and fish’: 226 0-4 757 0-9 1161 1.2 64-3 11
Fresh fruits, whole grains,
mushrooms, lettuce, tomato,
fish, eggs, oil, nuts and pasta
Not healthy
749

‘High fat and sugar': sausage, 220 0-4 09 1185 13 671 11
biscuits, chocolate, sweet pies,
chips, confectionery,
hamburger, pizza, desserts,
processed meat, flavoured
milk, soft drinks, fried fish,
beef, poultry, pork, ice cream,
fruit juice drink and mince
dishes

Monjardino et al.®®, Adolescents 1007 13-17 (boys Cohort FFQ (91) Cluster analysis Healthy Low (12)
Portugal and girls)

‘Healthier’: fish, vegetables, Girls
added fats, fruits, pasta/ 20-5 32
potatoes/rice and the lowest Boys
consumption of fast food and 20-3 36
soft drinks

Not healthy

‘Lower intake’: significantly lower Girls
consumption of energy, fruits 215 38
and of dairy products Boys

212 33
Ochoa-Avilés et al.?¥, Adolescents 606 10-16 (boys Cross-sectional ~ 2-d 24-h DR Factor analysis Healthy Low (12)
Ecuador and girls)

‘Rice-rich non-animal fat’: white 20-0 2.9 70-3 77 1013 101 62.0 8:6
rice, vegetable oil and tubers,
lower consumption of animal
fat, dairy products, pre-
packaged food and other
cereals to the diet

Not healthy
‘Wheat-dense animal fat’: refined 202 31 70-3 81 99.0 10-2 62:5 89

wheat products, red meat,

animal fat, dairy products and
plantain intake with low maize
and whole-grain consumption
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Table 2. Continued

Diet Method used to Elected healthy and not healthy Mean Mean Mean RTI (risk of
Sample size  Age range assessment  identify dietary patterns and food BMI Mean SBP DBP bias
References, country Population (sex) (years) Type of study method (items) dietary pattern content (kg/m?) sSD WC (cm) SD (mmHg) SD (mmHg) SD (points))
Przystawski et al.®®,  Adolescents 479 (girls) 17-18 Cross-sectional ~ Self- Cluster analysis Healthy Present (4)
Poland administered
dietary
questionnaire
‘Cluster 1’: milk and dairy 213 28
products, vegetables, fruit and
fish
Not healthy
‘Cluster 2: lower than average 218 32

intake of milk and its products,
vegetables and fruit, more
regular consumption of meals,
especially regular supper

intake
Ritchie et al.?®, USA  Children and 2371 (boys 9-19 Cohort 3-d 24-h DR Factor analysis and Black girls Low (14)
adolescents and girls) per year cluster analysis Healthy
‘Meal-type’: plain breads and 26-8 0-3 785 05

grains, other breakfast grains
and most types of sandwiches
and protein sources, including
legumes. Other vegetables
and fried and not fried potatoes
Not healthy
‘Sweets and cheese’: high 283 1.0 797 03
amounts of sweets, flavoured
milk and cheese and small
amounts of eggs, fried fish/
poultry and fried potatoes
White girls
Healthy
‘Healthy’: low intake of sweetened 235 04 732 0-8
drinks, baked desserts, chips,
fried fish/poultry, red meat,
burgers, pizza and fried
potatoes, and high
consumption of plain milk,
yogurt, plain breads and grains
(without added fats or
condiments), cereal and other
breakfast grains, mixed dishes,
other soups, fruit, green salad,
not fried potatoes and other
vegetables
Not healthy
‘Fast food’: high in flavoured milk, 242 0-3 751 0-4
burger sandwiches, fried
potatoes, eggs, red meat,
processed meats/ sandwiches,
chips, legumes and baked
desserts. Low in diet drinks,
yogurt, cheese, other desserts,
candy, crackers, pretzels and
peanut butter sandwiches
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Table 2. Continued

Diet Method used to Elected healthy and not healthy Mean Mean Mean RTI (risk of
Sample size  Age range assessment  identify dietary patterns and food BMI Mean SBP DBP bias
References, country Population (sex) (years) Type of study method (items) dietary pattern content (kg/m?) sSD WC (cm) SD (mmHg) SD (mmHg) SD (points))
Romero-Polvo Children and 916 (boys 7-18 Cross-sectional FFQ (116) Factor analysis Healthy Low (11)
et al.®®, Mexico adolescents and girls)
‘Prudent’: fresh fruits and Q1: 199 4.2 Q1: 737 120
vegetables, tomato juice, Q5: 214 441 Q5: 781 12.0
potatoes and legumes and a
lower intake of high-fat dairy
products and butter
Not healthy
‘Western’: soft drinks, snacks and Q1: 21-3 4.4 Q1:779 126
maize tortillas and lower intake Q5: 20-4 39 Q5:757 110
of fresh fruits and orange juice
Shang et al.®¥, China Children and 5267 (boys 6-13 Cross-sectional 24-h DR Factor analysis and Healthy Low (12)
adolescents and girls) cluster analysis
‘Healthy diet’: positive loadings on 171 3 528 86 105-5 10-5 69-4 72
milk and yogurt, eggs, fruit,
and vegetables and high
negative loadings on sugar
and beef, lamb and other red
meat.
Not healthy
‘Western diet”: had high positive 180 37 60-3 100 1117 118 74-4 7-0
loadings on rice, refined
grains, deep-coloured
vegetables, pork, sugar, fish
and shrimp, beef, lamb, other
red meat, wheat, starch tubers
and light-coloured vegetables.
Song et al.®®, Korea  Adolescents 671 (boys 12-14 Cross-sectional Three-day Cluster analysis Healthy Present (7)
and girls) 24-h DR
‘Traditional’: White rice, kimchi Girls
and fish 197 30
Boys
211 35
Not healthy
‘Modified’: noodles, bread, Girls
cookie, pizza and sweets 20-1 3.0
Boys
207 32
Weng et al.®®, China  Adolescents 5003 (boys 11-16 Cross-sectional FFQ (38) Factorial analysis Healthy Low (11)
and girls)
‘“Traditional’: gruel, oatmeal, whole 20-5 01
grains, fresh yellow or red
vegetables, fruit and soya milk
Not healthy
‘Snack’: preserved fruit, a sweet 20-2 01
course, frozen confection,
yogurt, chocolate, candy and
carbonated drinks
Zamora-Gasga Children and 724 (boys 9-12 Cross-sectional 2-d 24-h DR Principal Healthy Present (6)
et al.®® Mexico adolescents and girls) component and
cluster analysis
‘“Traditional Mexican Diet’: 19-9 0-3
legumes, vegetables, snacks,
sauces and seasonings
Not healthy

‘Alternative Mexican Diet’: 20-2 03
cereals, milk and dairy
products, sugars, sweets, and
pastries

SBP, systolic blood pressure; DBP, diastolic blood pressure; RTI, Research Triangle Institute; Q, quartiles; T, tertiles; DR, dietary record.
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Table 3. Cross-sectional studies of dietary patterns and cardiometabolic risk markers among adolescents
(Mean values and standard deviations of glucose, TAG, LDL and HDL)

Method used to

Diet identify Elected healthy and not Mean Mean Mean Mean RTI (risk
Sample size Age range assessment dietary healthy dietary patterns glucose TAG HDL LDL of bias
References, country Population (sex) (years) Type of study ~ method (items) pattern and food content (mmol/l) sD (mmol/l) sD (mmol/l) sD (mmol/l) sD (points))
Ambrosini et al.®?, Adolescents 1139 (boys 14 Cross- FFQ (112) Factor analysis Healthy Low (12)
Australia and girls) sectional
‘Healthy’: whole grains, Girls Girls Girls Girls
vegetables, T1: 486 0-65 Q1: 1.07 047 Q1: 135 0-41 Q1: 2:53 0-89
cruciferous, dried, T3: 475 0:65 Q4: 1-02 047 Q4:1-36 0-41 Q4: 2:53 0-83
fresh and canned Boys Boys Boys Boys
fruits, legumes, fish, T1: 494 0-62 Q1: 098 043 Q1: 125 037 Q1: 2:39 074
low-fat dairy products T3: 477 0-68 Q4: 0-91 043 Q4: 135 043 Q4: 2:43 0-86
and nuts
Not healthy
‘Western’: red meat, Girls Girls Girls Girls
processed meat, T1: 487 0-57 Q1: 098 0-41 Q1:1.38 0-36 Q1: 243 078
takeaway foods, T3: 4.77 0-67 Q4: 1.06 0-57 Q4: 1-39 0-46 Q4: 2.51 093
refined grains, French Boys Boys Boys Boys
fries, potato, T1:4.97 0-92 Q1: 098 0-63 Q1: 1.22 0-56 Q1:2.34 1-20
confectionery, crisps, T3: 4-89 0-84 Q4: 093 0-56 Q4: 1.30 0-49 Q4: 2.36 1.06
soft drinks, cakes,
biscuits, sauces,
dressings, full-fat dairy
products, fried fish,
poultry, eggs and
added sugar
Joung, et al®?, Adolescents 3168 (boys 13-18 Cohort 24-h DR Cluster analysis Healthy Present (5)
Korea and girls)
‘Bread and meat and fruit 5.04 0-60 1-31 0-30
and milk’: grain, flour,
bread, pizza,
hamburgers, snacks,
sugar, candy, meat
and meat products,
fruit, milk and dairy
products
Not healthy
‘Rice and Kimchi’: white 5-04 0-63 1.26 0-27
rice, kimchi, beans,
vegetables and fish
Lee et al.®, Korea Children and 2704 (boys 1-19 Cross- 24-h DR Factor analysis Healthy Present (6)
adolescents and girls) sectional and cluster
analysis
‘Traditional’: rice, kimchi, 118 0-07 1.21 0-25 2-40 0-58
fish and shellfish,
beef, vegetables,
seaweeds, oils and
oriental sauces
Not healthy
‘Westernised fast food’: 1.04 0-45 1.24 027 245 0-59

pizza and hamburger,
poultry, beverages,
cookies, sweets, teas
eggs, poultry,
potatoes, processed
meat, western sauce,
solid fats and
mayonnaise
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Table 3. Continued

Method used to
Diet identify Elected healthy and not Mean Mean Mean Mean RTI (risk
Sample size Age range assessment dietary healthy dietary patterns glucose TAG HDL LDL of bias
References, country Population (sex) (years) Type of study method (items) pattern and food content (mmol/l) SD (mmol/l) SD (mmol/l) SD (mmol/l) SD (points))

Ochoa-Avilés Adolescents 606 (boys and 10-16 Cross- Two-day 24-h Factor analysis Healthy Low (12)
et al.®®, Ecuador girls) sectional DR
‘Rice-rich non-animal fat’: 4.32 057 110 0-51 121 0-28 1.91 0-94
white rice, vegetable
oil and tubers, lower
contribution of animal
fat, dairy products,
pre-packaged food
and other cereals to
the diet
Not healthy
‘Wheat-dense animal- 411 047 1.06 0-54 1.28 0-29 1.85 1.01
fat’: refined wheat
products, red meat,
animal fat, dairy
products and plantain
intake with low maize
and whole-grain
consumption
Romero-Polvo Children and 916 (boys and 7-18 Cross- FFQ (116) Factor analysis Healthy Low (11)
et al.®®, Mexico adolescents girls) sectional
‘Prudent’: fresh fruits and Q1: 472 043
vegetables, tomato Q5: 4.70 0-42
juice, potatoes and
legumes, and a lower
intake of high-fat dairy
products and butter
Not healthy
‘Western’: soft drinks, Q1: 473 042
snacks and maize Q5: 4-70 0-44
tortillas and lower
intake of fresh fruits
and orange juice
Shang et al®, Children and 5267 (boys 6-13 Cross- 24-h DR Factor analysis Healthy Low (12)
China adolescents and girls) sectional and cluster
analysis
‘Healthy diet’: positive 4.46 0-48 0-90 0-47 148 0-29 2.06 063
loadings on milk and
yogurt, eggs, fruit and
vegetables, and high
negative loadings on
sugar and beef, lamb
and other red meat
Not healthy
‘Western diet”: high 4.52 0-55 0-93
positive loadings on
rice, refined grains,
deep-coloured
vegetables, pork,
sugar, fish and shrimp,
beef, lamb, other red
meat, wheat, starch
tubers and light-
coloured vegetables

0-44 1.42 027 214 0-56

RTI, Research Triangle Institute; T, tertiles; Q, quartiles; DR, dietary record.
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Table 4. Research Triangle Institute (RTI) quality assessment of observational studies

Sample definition and selection Outcomes Soundness of information Follow-up
Are critical Are the inclusion/
inclusion/ exclusion criteria Was the sample size sufficiently large Are the important Are exposures assessed using Are outcomes assessed using Is the length of time following the
exclusion measured using valid to detect a clinically significant outcomes pre- valid and reliable measures, valid and reliable measures, Is the length of intervention/exposure sufficient to
RTI questions... criteria clearly and reliable difference of 5% or more in at least  specified by the implemented consistently across implemented consistently follow-up the same support the evaluation of primary
References stated? measures? one primary outcome measure? researchers? all study participants? across all study participants?  for all groups? outcomes and harms?
Alizadeh et al.®® + - - + + + Not applicable: Not applicable: cross-sectional
cross-sectional
Ambrosini + + + + + + Not applicable: Not applicable: cross-sectional
et al®? cross-sectional
Aounallah-Skhiri Partially Cannot determine or + + + + Not applicable: Not applicable: cross-sectional
et al.“ measurement cross-sectional
approach not reported
Bahreynian + + + + + + Not applicable: Not applicable: cross-sectional
et al.t® cross-sectional
Del Mar Bibiloni Partially Cannot determine or - + + + Not applicable: Not applicable: cross-sectional
et al®? measurement cross-sectional
approach not reported
Gutiérrez-Pliego Partially Cannot determine or - + + + Not applicable: Not applicable: cross-sectional
et al®’ measurement cross-sectional
approach not reported
Hojhabrimanesh + + - + + + Not applicable: Not applicable: cross-sectional
et al® cross-sectional
Joung et al.® Partially Cannot determine or - + + Cannot determine or Not applicable: Not applicable: cross-sectional
measurement measurement approach not cross-sectional
approach not reported reported
Lee et al.®® + + + + + Cannot determine or Not applicable: Not applicable: cross-sectional
measurement approach not cross-sectional
reported
McNaughton Partially Cannot determine or + + + + Not applicable: Not applicable: cross-sectional
et al®® measurement cross-sectional
approach not reported
Monjardino Partially Cannot determine or + + + + + +
et al.®® measurement
approach not reported
Ochoa-Avilés + + + + + + Not applicable: Not applicable: cross-sectional
et al.®¥ cross-sectional
Przystawski Partially Cannot determine or - + + + Not applicable: Not applicable: cross-sectional
et al.®® measurement cross-sectional
approach not reported
Ritchie et al.®® + + + + + + + +
Romero-Polvo + + + + + + Not applicable: Not applicable: cross-sectional
et al. cross-sectional
Shang et al® + + + + + + Not applicable: Not applicable: cross-sectional
cross-sectional
Song et al.®® Partially Cannot determine or - + + + Not applicable: Not applicable: cross-sectional
measurement cross-sectional
approach not reported
Weng et al.®® + + + + + + Not applicable: Not applicable: cross-sectional
cross-sectional
Zamora-Gasga Partially Cannot determine or - + + + Not applicable: Not applicable: cross-sectional

et al.®®

measurement
approach not reported

cross-sectional
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Table 4. Continued

Presentation
Analysis comparability Analysis outcome Interpretation and reporting
Are particular
Are confounding and/or effect- Were the important confounding In cases of high loss to Are any important  Are the statistical methods Are results sources of
modifying variables assessed using and effect-modifying variables  follow-up (or differential primary outcomes used to assess the primary believable taking funding and
RTI questions/  valid and reliable measures across all  taken into account in the design loss to follow-up), is the missing from the benefit outcomes appropriate  study limitations supports Total
Reference study participants? and/or analysis? impact assessed? results? to the data? into consideration? related? points
Alizadeh et al.®® - Partially: some variables taken  Not applicable: cross- + + + + 8
into account sectional
Ambrosini + + Not applicable: cross- + + + + 12
et al.®® sectional
Aounallah-Skhiri + + Not applicable: cross- + + + + 10
et al. 2011 sectional
Bahreynian + + Not applicable: cross- + + + + 12
et al. sectional
Del Mar Bibiloni + + Not applicable: cross- + + + + 9
etal. sectional
Gutiérrez-Pliego - - Not applicable: cross- - Partially Partially + 4
et al.?? sectional
Hojhabrimanesh + + Not applicable: cross- + + + + 11
et al® sectional
Joung et al.®? - Partially: some variables taken ~ Not applicable: cross- - + + + 5
into account sectional
Lee et al.®® Source for measures not reported Partially: some variables taken  Not applicable: cross- + Partially - - 6
into account sectional
McNaug{;hton + + Not applicable: cross- + + + + 11
et al® sectional
Monjardino + + - + + + + 12
et al.®®
Ochoa-Avilés + + Not applicable: cross- + + + + 12
et al.® sectional
Przystawski - - Not applicable: cross- + - - - 4
etal. sectional
Ritchie et al.?® + + Loss to follow-up was + Partially + + 14
not considered to be
high
Romero-Polvo + + Not applicable: cross- + + + - 11
et al. sectional
Shang et al.®¥ + + Not applicable: cross- + + + + 12
sectional
Song et al® - Partially: some variables taken  Not applicable: cross- + + + + 7
into account sectional
Weng et al.®® - + Not applicable: cross- + + + + 11
sectional
Zamora-Gasga - - Not applicable: cross- + - + + 6

et al.

sectional
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was significantly associated with DBP (P=0-025), with partici-
pants with higher scores having lower BP (adjusted for age, sex
and physical activity). There were no significant associations
between any of the dietary patterns and SBP after adjustment
for confounders. Significantly higher SBP and DBP were
observed by Shang et al.®* in Chinese children and adoles-
cents with a ‘Western’ dietary pattern than among children
with a ‘Healthy’ dietary pattern (SBP: 111-76 (sp 11-8) v. 105-561
(sp 0-5)mmHg, P=0-04 and DBP: 7446 (sp 7-0) v. 69-46
(sp 7-2) mmHg, P=0-0435). Opposite results were observed by
Aounallah-Skhiri et al.“% In their Tunisian study, girls exhibited
decreased SBP with increasing tertiles of the ‘Modern’ dietary
pattern score. In this same group, there was a decrease in the
prevalence of high BP with modernisation of the diet (2nd v. 1st
tertile adjusted prevalence OR (POR) 0-6; 95 % CI 0-3, 1-0, 3rd v.
1st tertile POR 0-4; 95% CI 0-2, 0-8); this association remained
significant but was reduced when adjusted for age, total energy
intake or physical activity measures. Among boys, no straight-
forward associations were observed between BP and the modern
diet score or for the ‘Meatfish’ diet score after adjusting for
energy intake, BMI and waist circumference (WC), and the
difference between tertiles on DBP disappeared. A lower pre-
valence of hypertension in the highest tertile of the ‘Modern’
dietary pattern was also observed for both genders. In the studies
of Lee et al.®® and Ambrosini et al*®, BP measures did not show
significant differences among the clusters or dietary patterns.

Dietary pattern and BMI and waist circumference

In all, sixteen studies retained in this systematic review eval-
uated the effect of dietary pattern on anthropometric measures
such as BMI and WC. Among the total studies, four studies
observed no significant differences in BMI, WC and overweight
prevalence and obesity prevalence among tertiles of those with
a westernised dietary pattern compared with healthier dietary
patterns and clusters?*3%3739,

Evidence of the relation between diet and anthropometric
measures was observed in a study conducted in Iran by
Alizadeh et al.®”. Subjects of the top tertile of the ‘Iranian
Central Obesity Making Dietary Pattern’ (composed by cruci-
ferous vegetables, green leafy vegetables, soft drinks, tomatoes,
other vegetables and vegetable oils) group had higher WC than
subjects in the lowest tertile (P=0-03). Adjusting for age
increased the positive associations of this dietary pattern with
WC (P=0-009) and weight (P=0-04). Compared with subjects
of the lowest tertile, those in the upper tertile of the ‘Lacto
Vegetarian Dietary Pattern’ (characterised by legumes, potato,
other vegetables, dough, high-fat dairy products and margarine)
group had significantly lower weight, WC and BMI either before
or after controlling for age (P<0-01). In an Australian study®?,
girls in the higher quartiles of the ‘Western' dietary pattern
showed increases in mean WC (Pror yend Z 0-03) and BMI
(Pror wend Z 0-02). For boys, no relationships were found in mean
WC and BMI with dietary pattern. Aounallah-Skhiri et al“®
observed associations between increased ‘Modern’ dietary
pattern scores and higher means of BMI and WC in males. These
associations were minimally confounded by age, total energy
intake or physical activity measures. However, males in the

3rd tertile of healthier ‘Meat-fish’ dietary pattern scores also
presented higher mean BMI and WC, either adjusted for
confounders. No obvious relationship was observed for this
pattern in females. In females, the only association observed with
anthropometry was with abdominal fat accumulation, with those
in the 3rd v. 1st tertile of the ‘Modern’ score featuring a slightly
higher mean WC in the unadjusted analysis, but the strength of
the association was further reduced in adjusted analysis.

Similar results were evidenced by Gutiérrez-Pliego et al.?”.
Participants in the highest tertiles of the ‘Westernised’ pattern
and the ‘High in protein/fat’ pattern showed higher BMI com-
pared with those in the highest tertile of the ‘Prudent’ pattern.
Pearson’s correlation analysis between BMI and the different
dietary pattern scores showed a positive correlation with the
‘Westernised’ pattern (7 0-316; P<0-01) and the ‘High in pro-
tein/fat’ pattern (r 307 P<0-01). In contrast, a negative corre-
lation was found for the prudent dietary pattern (r =576
P <0-01). Hojhabrimanesh et al BV also observed a significantly
higher mean WC among individuals in the highest tertile of
the Western pattern.

In evaluating the association of obesity and dietary patterns,
Shang et al®* found that children and adolescents with the
‘Western’ dietary pattern (high positive loadings on beef/lamb/
other red meat, wheat, starch tubers and light-coloured vege-
tables) had a significantly higher odds of obesity (OR 2-04;
95% CI 1-38, 3-02) compared with those who followed the
‘Healthy’ dietary pattern (high positive loadings on milk and
yogurt, eggs, fruit and vegetables, and high negative loadings
on sugar and beef, lamb and other red meat). After adjustment,
the association between the ‘Western’ dietary pattern and
obesity was attenuated but still significant (OR 1-79; 95% CI
1-20, 2-:67). Compared with children who followed the ‘Healthy’
dietary pattern, the fully adjusted OR was 1-80 (95% CI 1-15,
2-81) for children with the Western dietary pattern after
adjusting for confounding factors. Significantly higher odds
of abdominal obesity were observed among children and
adolescents with the ‘Transitive’ dietary pattern (high positive
loadings on organ meat, pork, seafood, processed meat, edible
fungi and algae and light vegetables) and with the “Western’
dietary pattern compared with the ‘Healthy’ dietary pattern after
adjustment (OR 1-35; 95% CI 1-14, 1-60 for the ‘Transitive’
dietary pattern and 1-64; 95% CI 1-14, 2:35 for the ‘Western’
dietary pattern).

Weng et al.®® observed that a higher consumption of the
‘Snack’ dietary pattern (composed mainly of preserved fruit,
a sweet course, frozen confection, yogurt, chocolate, candy and
carbonated drinks) was associated with age- and sex-adjusted
lower BMI and waist:height ratio (WHtR). An increased
frequency of consuming the ‘Animal’ dietary pattern (red meat,
organ meat, processed meat, fried meat and other Chinese meat
dishes) was generally associated with age- and sex-adjusted
lower BMI and WHItR.

A cohort of American girls(Z(’) stratified by race reported at the
end of the study that black girls following the ‘Sweets and
cheese’ pattern tended to have the largest values of adiposity
measures (P=0-095 for percent body fat for the ‘Sweets and
cheese’ v. ‘Snack-type foods’ patterns) and that black girls
following the ‘Meal-type’ pattern tended to have the lowest
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values (P=0-074 for WC for the ‘Meal-type’ v. the ‘Customary’
pattern) after adjusting for potential confounders. Among
white girls, those following the ‘Healthy’ pattern exhibited
significantly smaller mean values for WC at the final follow-up
and smaller changes in WC (study year 10 to year 1) compared
with the ‘Sweets and snack-type foods’ pattern (P=0-037). Gitls
following the ‘Healthy’ pattern also tended to have lower body
fat (P=0-063 for percent body fat for the ‘Healthy’ . ‘Fast food’
patterns) after adjusting for potential confounders.

In a study by Zamora-Gasga et al.®®
(PO) scores were used in multiple regression and cluster ana-
lysis. The PC corresponding to vegetables, fish and seafood
consumption was positively associated with weight (standar-
dised p-coefficient=0-124, P<0-01) and BMI (standardised
P-coefficient=0-117, P<0-01). The PC characterised by high
consumption of legumes and snacks and low intake of
beverages was negatively associated with weight (standardised
p-coefficient= —0-077, P=0-04) and with BMI (standardised
p-coefficient= -0-073, P=0-04). PC corresponding to high
consumption of beverages and snacks and low intake of egg
was negatively associated with BMI (standardised p-coeffi-
cient= —0-064 P=0-01).

Different results were evidenced by Bahreynian et a
which girls in the highest quartile and the second quartile of the
‘Healthy’ pattern were more likely to have higher BMI (OR 2:23;
95 % CI 1-003, 4-96). Girls in the second quartile of the ‘Western’
dietary pattern had significantly lower BMI than those in the
fourth quartile (OR=0-46; 95% CI 0-21, 1-01). There was no
significant relationship between the “Western’ pattern with BMI

, principal component

l.(SO) in

among boys; however, a significant association was observed
between the first and fourth quartiles of the ‘Healthy' pattern
(OR=0-36; 95% CI 0-15, 0-84), but the trend was not statistically
significant (Pro;y ena=0-561). Lee et al®® also identified
contradictory results: in their study, the ‘Traditional diet’ group
had the highest obesity rate of 16-4%. However, when the
association was analysed within each age group, significant
differences had not appeared, but the ‘Traditional diet’ tended to
have higher obesity rates than the other two patterns. Romero-
Polvo et al®® found that participants presented statistically
significant reduced means in BMI, body fat proportion and
WC in the highest quintile of the “Western’ pattern and the
‘Prudent’ pattern.

From the nineteen studies retrieved in the systematic review
that considered unhealthy food patterns and CMR factors
among adolescents, only seven studies?>2>%7:231:3740 e
sented outcome information stratified by quintiles/quartiles/
terciles. Among these, only anthropometric measures of BMI
and WC were included in a sufficient number of studies for the
meta-analysis. The meta-analysis could not be performed for
the other CMR factors, considering the lack of information in
reported means or the very few number of studies.

A meta-analysis of unhealthy dietary patterns and
cardiometabolic risk factors

Associations of eating high amounts of unhealthy foods with
BMI and WC are shown in Fig. 2. The mean BMI was 0-57 kg/m?
higher (95% CI 0-51, 0:63; Pheerogencity <0-001; *=96-5%)

among those who had a greater intake of unhealthy foods.
The association of unhealthy food patterns and WC was higher
for the subgroup analysis when only studies that exclusively
included adolescents aged 14 years or older (SMD:1-13; 95 % CI
0-98, 1-28; Ppererogeneity < 0-001; F=99-5%) were analysed and
compared with samples containing children and adolescents
together (SMD: 0-12; 95% CI —0-01, 0-25; Phererogencity < 0-001;
F=89-7%). A small increase in mean BMI was observed in the
subgroup analysis of studies including only adolescents aged
14 years or older (WMD: 0-58; 95% CI 0-52, 0-64;
Pheterogeneity < 0-001; I =98-1%).

A meta-analysis of healthy dietary patterns and
cardiometabolic risk factors

The consumption of large quantities of healthy foods was
inversely associated with BMI and WC (Fig. 3). Compared with
adolescents who consumed higher quantities of healthy foods,
adolescents who had a low intake of these foods had a 0-41 kg/m?
lower mean BMI (95% CI —0-46, —0-30; Pheerogeneity <0-001;
F=99-2%) and a 0-43-cm lower mean WC (95 % CI -0-52, —0-33;
Pheterogeneity < 0-001; F=99-3%). Similar to the results observed for
unhealthy food patterns, the subgroup analysis of samples com-
posed only of teenagers aged 14 years or older favoured
an increase in mean WC (WMD:—-0-87; 95% CI -1.01, —0-73;
Pheterogeneity < 0-001; F=99-5%) and maintenance of the mean
BMI (SMD:-0-41; 95% CI —0-46, —0-30; Phererogeneity <0-001;
F=99-2%) compared with studies including both children and
adolescents.

Considering the reduced number of observations for each
anthropometric measure, individual meta-regression models
were constructed. Each model analysed the influence of the BMI
(only for WC), the mean age and the sample size of the studies
on the heterogeneity identified in the meta-analyses undertaken
in this study. However, none of these variables explained the
heterogeneity (results not shown). In addition, we undertook the
sensibility analysis, excluding the studies with discrepant results,
but the F statistic was kept higher than 90 % and the P value was
yet significant (2 <0001), indicating that the high heterogeneity
identified in this meta-analysis is probably an intrinsic char-
acteristic of the studies evaluating food pattern. Because only
seven studies were included in this meta-analysis, Egger’s test for
publication bias could not be performed.

Discussion

Studies evaluating the association between dietary patterns and
CMR factors were included in this systematic review and meta-
analysis. The results revealed some evidence that unhealthy
dietary patterns, assessed as higher quintiles/quartiles/tertiles or
higher scores of factorial/cluster/PC analyses, were associated
with higher mean values of WC, BMI, BP, lipid profile and
blood glucose. The results of the association between healthy
dietary patterns and the same risk factors were not statistically
significant, as identified for unhealthy dietary patterns, and
some healthy dietary patterns even showed the same associa-
with CMR factors as unhealthy dietary patterns.
For example, the results of the meta-analysis suggested an

tions
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(@)
Author Year WMD 95% Cl  Weight (%)
From 14 to 19 years old ;
Ambrosini et al. (Boys) 2010 —— 0-20 -1-00, 1-40 0-23
Ambrosini et al. (Girls) 2010 & 070 048,292 0-22
Aounallah-Skhiri et al. (Girls) 2011 . 0-20 0-12,0-28 52-98
Aounallah-Skhiri et al. (Boys) 2011 2 100 0-91,1-09 44-67
GutiErrez-Pliego et al. 2016 —_—— 3-10 2:23, 3:97 0-44
Subtotal (/2=98-1%, P=0-000) 0 0-58 0-52,0-64 9855
From 7 to 19 years old '
Romero-Polvo et al. 2012 —— -0-90 -1.75,-0-05 046
Bibiloni et al. 2013 ——r -0-20 -1-33, 0-93 0-26
Alizadeh et al. 2015 = 0:90 -0-16, 1-96 0-30
Hojhabrimanesh et al. 2015 -—"— 0-60 -0-28, 1-48 0-43
Subtotal (/=665 %, P=0-030) <> 0-04 —0-44,0-52 1-45
Heterogeneity between groups: P=0-029 '
Overall (/=965 %, P=0-000) . 0-57 0-51,0-63 100-00
1 : 1
-2 0 6
(b)
Author Year SMD 95% Cl  Weight (%)
From 14 to 19 years old
Ambrosini et al. (Boys) 2010 - 0-16 -0-09,0-40  16-10
Ambrosini et al. (Girls) 2010 = 028 0-04, 0-52 16-82
Aounallah-Skhiri et al. (Girls) 2011 &= 3-:01 2:70, 3-52 9-89
Aounallah-Skhiri et al. (Boys) 2011 > ~*= 9.00 819, 9-81 1-46
Subtotal (/2=98-5%, P=0-000) 0 113 098,128 4427
From 7 to 19 years old '
Romero-Polvo et al. 2012 - -0-19 -0-39, 0-02 22-89
Alizadeh et al. 2015 - 062 0-31,0-94 973
Hojhabrimanesh et al. 2015 & 022 0:01,042 23-10
Subtotal (/2=89-7 %, P=0-000) 012 -0-01,0-25 5573
Heterogeneity between groups: P=0-000
Overall (/=992 %, P=0-000) ' 0-57 0-47,0-67 100-00
1
-10 12

Fig. 2. Mean difference in BMI (a) and waist circumference (b) of high intake v. low intake of unhealthy food patterns among adolescents. WMD, weighted mean

difference; SMD, standardised mean difference.

association between consuming large amounts of unhealthy
diets and higher mean values of WC and BMI; this association
increased in the subgroup analyses that included only adoles-
cents. Elevated intake of healthier foods was associated with the
highest mean WC and mean BMI, which conflicts with the
protective effect that healthy dietary patterns are expected to
have against CMR factors.

The studies included in this systematic review were mostly
cross-sectional, applying a variety of different methodologies,

dietary assessment methods (FFQ or 24-h dietary recall), sta-
tistical analyses to obtain dietary patterns and techniques or
methods to measure outcomes and characterised by a range of
limitations owing to adjusting for confounding variables. These
characteristics emphasise the importance of cautiously inter-
preting the results of this study and reinforce the need to
improve the quality of observational studies that involve the
evaluation of food patterns in adolescents. In addition,
the elevated heterogeneity observed in the results of the
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(@)
Author Year WMD 95% Cl Weight (%)
From 14 to 19 years old '
Ambrosini et al. (Boys) 2010 - 0-30 —0-69, 1-29 0-25
Ambrosini et al. (Girls) 2010 ———— -0-70 -1-76, 0-36 0-22
Aounallah-Skhiri et al. (Girls) 2011 010 0:04,0:16 65-55
Aounallah-Skhiri et al. (Boys) 2011 . v -1-50 -1-59, —1-41 32-55
GutiErrez-Pliego et al. 2016 ' —— 4-60 3-73,5-47 0-32

Subtotal (/2=99-6 %, P=0-000)

From 7 to 19 years old

-0-41 —0-46, —0-36 98-89

Romero-Polvo et al. 2012 I -1.50 —2-35, -0-65 0-34
Bibiloni et al. 2013 —e 0-50 —0-64, —1-64 0:19
Alizadeh et al. 2015 —_— 2-00 -0-98, 3-02 0-24
Hojhabrimanesh et al. 2015 _T‘_ -0-10 -0-95, 0-75 0-34
Subtotal (/°=89-2%, P=0-000) <> 0-02 045, 0-50 111

Heterogeneity between groups: P=0-071

Overall (12=99-2%, P=0-000) . -0-41 -0-46,-0-36  100-00
1 : 1
—4 7
(b)
Author Year SMD 95% ClI Weight (%)
From 14 to 19 years old
Ambrosini et al. (Boys) 2010 0-05 -0-17, 0-27 19-66
Ambrosini et al. (Girls) 2010 —0-09 —0-34,0-15 15.97
Aounallah-Skhiri et al. (Girls) 2011 > -2-14 -2-39,-1-88 14-65
Aounallah-Skhiri et al. (Boys) 2011 —— -8:63 —9-42,-7-83 1-53
Subtotal (/2=99-5%, P=0-000) 0 -0-87 —1:01,-0-73  51-80
From 7 to 19 years old
Romero-Polvo et al. 2012 * -0-42 -0-62, —0-21 2246
Alizadeh et al. 2015 ' | 488 4-26,549 2:54
Hojhabrimanesh et al. 2015 * -0-03 -0-23, -0-17 23-20
Subtotal (/2=99-2%, P=0-000) 0-05 -0-09, 0-19 48-20
Heterogeneity between groups: P=0-000 '
Overall (1=99-3%, P=0-000) ' -0-43 -0-52,-0-33  100-00
1 : 1
11 0 7

Fig. 3. Mean difference in BMI (a) and waist circumference (b) of low intake v. high intake of healthy food patterns among adolescents. WMD, weighted mean

difference; SMD, standardised mean difference.

meta-analysis was considerable owing to the reduced number
of studies presenting data for quintiles/quartiles/terciles. In
addition, the methodological and analytical variation inherent
to the food pattern complex variable can also contribute to the
high heterogeneity. Then, considering that the exploration of
heterogeneity using meta-regression, subgroup and sensitivity
analysis was unlikely to explain the variation between the
studies, caution should be applied when interpreting the
summary effect measure calculated for this study.

Taking into consideration the study population, it is impor-
tant to highlight that cardiometabolic markers are influenced by
adolescence characteristics, such as hormonal changes during
puberty and sexual maturation status, which may influence the
association between diet and CMR factors'*?, Pubertal status
promotes the occurrence of insulin resistance and influences
lipid levels, body fat and lean mass distributions, which raise
questions about using definitions for the metabolic syndrome
and standardised cut-off points for health risk factors in children
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and adolescents that do not consider pubertal status#**®_ The
lack of a consensus for cut-off points to diagnose dyslipidaemia,
hypertension, hyperglycaemia and overweight status results in
the adoption of country-specific references for clinical studies.
Therefore, the results of studies performed in different
continents or countries may not be valid for comparison.

Interpretations and comparability of dietary patterns are
challenging considering that adherence to a pattern can be
influenced by a complex set of factors that include the socio-
economic status, family characteristics, environment, season-
ality, culture and religious and traditional customs““**®_ These
characteristics are likely to produce different results, with
patterns with diverse food content, making comparisons and
interpretation of data across studies difficult. The evaluation and
label assigned to each dietary pattern is defined by authors,
considering their knowledge and expertise, which also may
limit the comparability of studies.

Obtaining food consumption data also presents several forms
of bias depending on the method that is used. Traditionally,
information on food intake is obtained through 24-h recall or
FFQ written. Such methods require extensive interview time,
the information is influenced by interviewee’s memory and
cognition and the process may generate disinterest among
participants, which is particularly critical for studies aimed at
investigating the food consumption of children and adoles-
cents“*>°”. Therefore, dietetic risk analyses should be carefully
planned by expert researchers and consider controlling for
many variables to reduce confounding influence. In addition,
estimating the relation between diet and disease can be
enlarged when considering the food content and complex
interactions among diet components; the intake of single
nutrients never occurs in isolation, although the effects of
nutrients are generally measured experimentally and not always
confirmed in a human population®>?. Dietary pattern
analyses provide diet information considering the entire scope
of food content, diet composition and complex nutrient inter-
actions and may explain the food-disease relationship better
than investigating single nutrients or isolated foods®>>®.

The healthier food patterns observed in this study were
mostly composed of legumes, vegetables, fruit, fish, low-fat
dairy products, nuts, olive oil and others (Tables 2 and 3). These
foods are frequently observed to be part of the Mediterranean
diet, which has been shown to improve health and prevent
health problems by its nutritional components of antioxidants,
micronutrients, fibre, whole grains and monounsaturated and
essential fatty acids®>>®. The Mediterranean diet has also been
successfully used as a non-medical treatment for obesity and
other comorbidities and has had positive effects among inter-
vention trials. Consequently, health societies widely recom-
mend the Mediterranean diet to achieve healthier clinical
parameters in the population(57'60). This treatment, which is
characteristic of healthy diets, may explain our findings in
adolescents who had a higher intake of healthy foods and
presented with higher mean BMI and WC, considering that
some of them may be following dietetic recommendations
directed by professionals to improve their health status. This is
an important source of bias that has been observed in cross-
sectional studies (survival bias)©".

However, even given the territorial and cultural diversity of
the included studies, we observed a similarity in food content in
adolescents’ unhealthy dietary patterns, including that the foods
chosen by adolescents may be influenced by a globalised
pattern, which may expose them to common dietetic risk
factors and favours association among unhealthy diets and CMR
factors®14%? Foods that comprised unhealthy food patterns
that were present in the selected studies were mainly repre-
sented by red and processed meat, confectionery and bakery
items, full-fat dairy products, refined grains, desserts and can-
dies. Unhealthy food patterns also included a reduced intake of
vegetables and fruits (Tables 2 and 3). The combination of
foods that have a high energetic density and a low nutritional
quality is commonly observed in Western food habits and
influences the label of some food patterns that describe a high
CMR®**?_ These food characteristics are frequently associated
with undesirable health outcomes because of their elevated
content of saturated and trans fatty acids, salt, high glycaemic
index and low content of fibre and micronutrients®>®,

In addition, the high energetic content observed in Western
foods contributes to weight gain and central obesity, with strong
evidence in adults and moderate evidence in children and
adolescents 7V

BMI and WC present a clear relationship with other CMR
(7279 revealing that unhealthy eating habits may directly
influence BP, insulin resistance and atherogenic lipid profile
via nutrient metabolic repercussions and, secondarily, by
contributing to an increase in weight and body circumference,
which was observed in this study.

Nonetheless, this review is characterised by various limita-
tions. Publication bias may be present, considering that unex-
pected or implausible associations between diet and CMR
factors may not be published. Considering food intake analysis,
random error is common and is attributed to the nature of the
information obtained to test associations or to obtain dietary
patterns. The methodologically distinct strategies and the cross-
sectional characteristics of many studies make it impossible to
determine the causality of relationships of interest and, there-
fore, may affect the interpretation of the results.

In the review process, all methodology steps were taken into
account to prevent biases. The research, data extraction and
evaluation of bias were performed independently by the
researchers. To obtain the maximum number of published
papers in the field, six important data sources were used to
search for relevant articles using MeSh terms exploding all trees.
The reference lists of the retained articles and reviews were also
evaluated to include additional studies.

This study found that adhering to an unhealthy dietary
pattern appears to be associated with the worst values of CMR
factors among adolescents. However, evidence of a protective
effect of healthier dietary patterns in this group remains unclear.
The meta-analysis results need to be cautiously interpreted
considering the elevated heterogeneity; however, the high
methodological quality applied in this study reinforces the
validity of results. Considering the physiological changes asso-
ciated with this phase of life, the lack of consensus among
cut-off points for clinical parameters and the impact of food
habits on health outcomes during early and adult life, further

factors
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high-quality methodological research is warranted to estimate the
potential impact of diet on CMR factors in adolescents. The
publication of high-quality evidence in this field can strengthen
clinical strategies to improve the health status of younger genera-
tions and to prevent undesirable outcomes during adulthood.
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