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The purpose of this study was to conduct a systematic
review on the association of food patterns (FPs) and
endothelial biomarkers. An electronic literature search from
1990 to 2012 was conducted and reference lists and experts
were consulted. Studies without dietary intervention and
without language restrictions were considered. Preferred
Reporting ltems for Systematic Reviews and Meta-Analyses
guidelines were employed. Methodological quality was
assessed by Strengthening the Reporting of Observational
Studies in Epidemiology guidelines. A total of 546 references
were identified, of which 8 were finally included. Several FPs
were identified. Healthy FPs (abundant in fruits and

vegetables) had a beneficial impact on endothelial function
as estimated by circulating levels of biomarkers such as
C-reactive protein, soluble intercellular adhesion molecule 1,
soluble vascular adhesion molecule 1, and E-selectin
molecules. Westernized patterns (higher intakes of pro-
cessed meats, sweets, fried foods, and refined grains) were
positively associated with inflammation molecules and ath-
erogenic promoters. The study of FPs in relation to endothe-
lial function contributes to the development of dietary
recommendations for improved cardiovascular health and
therefore a better lifestyle. J Clin Hypertens (Greenwich,).
2014; 16:907-913. © 2014 Wiley Periodicals, Inc.

According to the Global Burden of Disease Study 2010,
the combined global burden of poor diet and physical
inactivity is estimated at 10% (ranging from 1.9% in
Western Saharan Africa to 27.3% in Eastern Europe).
Within the Southern Cone of Latin America (made up of
Argentina, Chile, and Uruguay), high body mass index
(BMI) was the leading risk factor, accounting for almost
10% of overall disease burden, and physical inactivity
and diets low in fruits and Vegetables ranked in the top
10 risk factors by attributable burden of disease.! The
nutritional transition, especially in South America, has
been accompanied by changes in lifestyle related to
increased prevalence of noncommunicable diseases.”’
The burden imposed by these more proximal risk
factors strongly impacts the growing epidemics of
cardiovascular diseases (CVDs) that cause 16.7 million
deaths globally each year, 80% of which occur in low-
and middle-income countries.*’

Diet has been one the most studied factors in relation
to the pathogenesis and progression of CVD. Several
epidemiological studies conducted in different parts of
the world have provided the necessary evidence on the
important role of food and have contributed to estab-
lishing dietary recommendations for the prevention and
treatment of CVD.®” However, food is not only a
biological activity, it is a social and cultural phenom-
enon with multiple determinants: biological, economic,
cultural, ecological, technological, social, political,
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ideological, and religious.'®'! In this context, this study
of alimentary, dietary, or food patterns includes mea-
surement and analysis of the usual consumption of food
combinations in individuals and groups, analyzes the
diet in a more relevant manner, and replaces the
traditional study of nutrients separately 12 In addition,
the study of dietary patterns could help to identify the
synergy between food and nutrients, which can contrib-
ute to detecting associations that studies of a single
nutrient cannot provide.

The endothelial system plays an important role in the
pathogenesis of CVD. It consists of a series of strong
vasoconstrictor peptides and their receptors, as well as
different bioactive substances that are released from the
endothelial cell. For many years, vascular endothelium
has been considered a passive barrier between blood
flow and vascular wall. However, it has multiple
functions related to blood flow regulation with hor-
monal and tissue homeostasis. '

Endothelial cells act in response to different physical
and chemical stimuli, modifying their morphology or
producing substances to keep the vascular homeostasis.
Nevertheless, when the normal homeostatic function is
altered, endothelial dysfunction occurs, characterized by
higher vasoconstriction, reduced Vasodllatlon and pro-
thrombotic and 1nﬂammatory activity.' Therefore
CVD risk factors such as hypertension, atheroscler051s,
and arterial stiffness have endothelial dysfunction as a
common denominator. The evidence suggests a causal
role for oxidative stress in dysfunction of the endothe-
lium. Reactive oxygen species can directly inactivate
nitric oxide, modulate peptide function, and act as
cellular signaling molecules, such as nuclear factor
kappa- llght chain-enhancer of activated B cells activity,
which is involved in the regulation and transcription of
a number of genes associated with inflammatory and
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immune pathways.'® These events contribute to the
initiation and progression of endothelial damage.'”
Figure 1 shows the relationship between environmental
and genetic factors, metabolic markers, and their
influence on endothelial function.

Despite the advances in nutritional epidemiology
during the past decades, the role of diet in the etiology
of endothelial function is still poorly understood.
Moreover, although several reports have addressed the
association of dietary patterns with inflammation,'®2°
few have examined the two related issues at the same
time. This systematic review summarizes the findings on
the associations of food patterns (FPs) and biomarkers
of endothelial function.

METHODS

Search Strategy

We conducted a systematic search including data from
January 1990 to December 2012 using electronic
databases included in MEDLINE, EMBASE, and
LILACS. We also used Internet search engines such as
Google Scholar and Trip Database. In the computer-
based searches, we combined search terms related to the
exposure (eg, food pattern OR diet OR dietary pattern
OR dietary habits OR food preferences OR habits) and
outcomes of interest (eg, endothelial markers OR
endothelium OR cardiovascular diseases OR vascular
endothelium OR biomarkers OR endothelial dysfunc-
tion OR inflammation OR biological markers). An
annotated search strategy for non-indexed “grey liter-
ature” was included to obtain information from rele-
vant sources, such as reports from the Ministries of
Health, the World Health Organization, congresses’
annals, reference lists of included studies, and consulting
experts and associations related to the topic according
to a protocol based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement.”
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FIGURE 1. Principal factors involved in endothelial dysfunction.

Selection Criteria

We included observational studies, such as cohort
studies, case-control studies, case series, surveillance,
and cross-sectional studies without language restric-
tions. FP was defined as a comprehensive variable that
integrates the consumption of several foods or food
groups. The articles reporting food consumption as FPs
by the application of multivariate techniques, ie, factor
analysis and analysis of multiple correspondences, were
included.?>** The authors of select articles were con-
tacted to obtain missing or additional information when
needed.

Studies with patient enrollment prior to 1980 were
excluded, as well as duplicated publications and articles
evaluating dietary interventions.

We included studies that reported the association
between a posteriori dietary patterns and at least
one circulating endothelial dysfunction biomarker.
Analytical methodologies were also explored.

Screening and Data Abstraction

Two independent reviewers used a predesigned data
abstraction form to extract relevant information from
the selected studies. First, they prescreened all identified
references and selected potentially eligible studies from
their title and abstract that appeared to be eligible
for the review. Then, two reviewers independently
evaluated full-text versions of all potentially eligible
articles to evaluate whether they met inclusion criteria.
Discrepancies were resolved through consensus.

Quality Evaluation Assessment and Risk of Bias
Two independent reviewers evaluated the quality of
the included studies. The risk of bias was assessed by
using a modified checklist of essential items based on
Strengthening the Reporting of Observatlonal Studies in
Epidemiology (STROBE) guidelines.>* This allowed a
total score from 0 to 5 points (5 representing the highest
quality), with 1 point allocated if a study provided a
study rationale; used appropriate selection criteria;
employed a validated food questionnaire and assay
method; and reported findings adjusted for age, sex,
BMI, and smoking status and for other important
covariates.

The risk of bias was evaluated considering six criteria
(methods for selecting study participants, methods for
measuring exposure and outcome variables, and meth-
ods to control for confounding, design-specific sources
of bias and comparability among groups, statistical
methods, and declaration of conflict interests). Dis-
agreements were solved by consensus.

Because of the observed heterogeneity in methodologies
and subject selection from the observational studies, it
was not possible to report a meta-analysis.

RESULTS

The search strategy identified 532 unique references
from databases and 14 additional citations from grey
literature. After the initial screening, based on titles and
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abstracts, 144 articles remained for further evaluation.
Following detailed assessments, 134 articles were
excluded (Figure 2). All pertinent studies identified were
published in the English language.

Eight articles were finally included. Three articles
were cross-sectional cohort studies, three were cohort
studies, and two were cross-sectional studies.

FPs Identification and Endothelial Markers

FP was defined as usual consumption of food combina-
tions in individuals and groups. Dietary information
was collected via food frequency questionnaires in seven
of eight articles. In addition, factor analysis or principal
component analysis were most often used to derive FPs
(seven articles). The reported results were adjusted in all
cases for potential confounders.

Several FPs were identified. All articles presented
some degree of association between endothelial markers
and FPs. The Table summarizes the principal charac-
teristics of included studies and the statistical associa-
tions. Among 466 men in the Health Professionals
Follow-Up Study (HPFES), the Western Pattern (higher
intake of red meats, high-fat dairy products, and refined
grains) was positively correlated with higher concentra-
tions of fasting insulin, C-peptide, leptin, tissue-type
plasminogen activator antigen, C-reactive protein
(CRP), and homocysteine.”> In 732 women in the
Nurses” Health Study I, the Western Pattern (higher
intake of red and processed meats, sweets, desserts,
French fries, and refined grains) was positively

Records identified through
database searching (n=532)

Additional records identified
through other sources (n=14)

|

Records screened
(n=546)

Excluded ol
No relevant information (n=123)
tion studies (n=118)
elines or protocols (n=56)
No relevant outcome information (n=105)

asis of title/abstract (n=402)

Full text retrieved for more
detailed evaluation (n=144)

Excluded (n=136)
No relevant information (n=68)
Intervention studies (n=34)
No relevant outcome information (n=29)
Duplicate publications (n=5)

Studies included for review (n=8)

FIGURE 2. Flow of studies in review.
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associated with higher levels of CRP, E-selectin (sSELE),
intercellular adhesion molecule 1 (sSICAM-1), vascular
cell adhesion molecule 1 (sVCAM-1), and interleukin 6
(IL-6). On the other hand, the Prudent Pattern (higher
intake of fruit, vegetables, legumes, fish, poultry, and
whole grains) was inversely assoc1ated with plasma
concentrations of CRP and sSELE.?

In 5089 participants in the Multi-Ethnic Study of
Atherosclerosis (MESA) trial, a Fats and Processed
Meats Pattern (fats, oils, processed meats, fried pota-
toes, salty snacks, and desserts) was positively associ-
ated with higher concentrations of CRP, homocysteine,
and IL-6. In the same study, the Beans, Tomatoes, and
Refined Grains Pattern (beans, tomatoes, refined grains,
and high-fat dair iy products) was positively associated
with sICAM-1.>" Moreover, the Whole Grains and
Fruit Pattern (whole grains, frult, nuts, and green leafy
vegetables) showed an inverse association with circu-
lating levels of CRP, IL-6, homocysteine, and SICAM-1,
and the Vegetables and Fish Pattern (fish and dark
yellow, cruciferous, and other vegetables) was inversely
related to CRP and sSELE. In one study carried out in
486 Iranian women, a Healthy Pattern (high in fruits,
vegetables, tomato, poultry, legumes, tea, fruit juices,
and whole grains) was inversely associated with CRP
and sVCAM-1 concentrations, whereas the Western
Pattern showed a Eositive association with serum
amyloid A and IL-6.”° In another study, conducted in
7802 Japanese individuals, an inverse association with
CRP levels in participants with Healthy Pattern (high
intakes of Vegetables fruit, soy products, and fish) was
observed.”

Among 1066 participants in the Genetics of Coronary
Artery Disease in Alaska Natives (GOCADAN) study,
homocysteine levels were inversely associated with the
Purchased Healthy Food Pattern (dry beans, store-
bought fruits, vegetables, lettuce salad, dark bread, hot
cereal, store-bought nonhydrogenated vegetable fats,
peanut butter, milk, cheese, ice cream, nondairy
creamer, and lower-fat milks). On the other hand,
homocysteine values were positive associated with the
Western Food Pattern (scored high in store-bought
meats, chicken, fatty meats, snack chips, pizza, fried
potatoes, soda pop, milk, cheese, ice cream, nondairy
creamer, stew with mostly meat, and stew with mostly
rice or noodles). In the same study, participants with
Beverages and Sweets Food Pattern (coffee, tea, candy
bars, sugar, syrup, eggs, store-bought animal fats, and
pancakes) showed an inverse association with CRP
concentrations.

In 4999 participants in the Malmo Diet and Cancer
Cohort Study, the Low-Fat and High-Fiber Pattern
(fruit, low-fat milk, high-fat and low-fat meats, sweets,
fiber-rich bread) was inversely associated with lipopro-
tein-associated phospholipase A2. In contrast, the
Sweets and Cakes Dietary Pattern (sugar, sweets, jam,
cakes, biscuits, and soft drinks) and Milk Fat Pattern
(butter, cheese, and whole milk) were Eositively asso-
ciated with higher levels of this marker.
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TABLE. Food Patterns and Endothelial System: Summary of Data Included in the Systematic Review

Participants, Age

Author Design Country No.

Range, y

Principal Results

125 United 466

States

Cross-sectional 40-75
cohort
Health

Professionals

Fung et al

Follow-up
Study (HPFS)

United 732
States

Cross-sectional 43-69
cohort
Nurses’ Health

Study |

Lopez-Garcia
et al*®

|27

United
States

Cross-sectional 5089 45-84
cohort
Multi-Ethnic
Study of
Atherosclerosis

(MESA)

Nettleton et al

Esmaillzadeh Cross-sectional Iran 486 40-60

et al®

Nanri et al®® Cohort Japan 7802 50-74

Western pattern
Positively correlated with

fasting insulin (=0.32, P<.01), C-peptide (r=0.31, P<.01), leptin
(r=0.28, P<.0001), tPA (r=0.19, P<.01), CRP (r=0.22, P<.0001),
homocysteine (r=0.23, P<.01)
Inversely correlated with plasma folate (r=—0.39, P<.0001)
Prudent pattern
Positively correlated with lipoprotein(a) (~=0.10, P<.05), plasma
folate (r=0.28, P<.0001)
Inversely correlated with fasting insulin (r=—0.25, P<.05),
homocysteine (r=—0.20, P<.01)

Values adjusted by age, smoking status, physical activity, total
energy, television watching, and total alcohol

Western pattern
Positively associated with CRP (3=0.10, P<.02), sSELE (p=0.06,
P<.001), sICAM-1 ($=0.03, P<.002), sVCAM-1 (3=0.02, P=.02), and
IL-6 ($=0.08, P=.006)
Prudent pattern
Inversely associated with CRP (3=-0.10, P<.02), sSELE (3=—0.05,
P=.001)
Values were adjusted by age, BMI, physical activity, smoking
status, and average alcohol consumption

Fats and processed meats pattern
Positively associated with CRP (3=0.048, P<.05), homocysteine
(p=0.016, P<.05), IL-6 (3=0.050, P<.05)
Beans, tomatoes, and refined grains
Positively associated with: sSICAM-1 (3=0.021, P<.05)
Whole grains and fruit pattern
Inversely associated with: CRP (p=—0.060, P<.05), IL-6 (3=—0.036,
P<.05), homocysteine (f=—0.015, P<.05), and sICAM-1 (p=—0.013,
P<.05)

Vegetables and fish pattern
Inversely related to IL-6 (B=—0.025, P<.05)
Values adjusted by study center, age, sex, race, education, energy,
active leisure activity, inactive leisure activity, smoking, and
supplement use

Healthy pattern
Inversely associated with CRP (3=—0.05, P=.011) and sVCAM-1
(B=—0.04, P=.027)
Western pattern
Positively related to SAA ($=0.06, P=.039) and IL-6 (3=0.07, P<.001)
Traditional pattern
No associations were observed
Values adjusted by smoking, physical activity, current estrogen use,
menopausal status, family history of diabetes and stroke, and
energy intake

Healthy pattern
Inversely related to CRP in women (=0.33, P=.0004) and men
(p=0.39, P=.0006)
High-fat, seafood, and Westernized breakfast patterns
No associations were observed

Values adjusted by age, BMI, smoking, alcohol consumption, and
physical activity
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TABLE. Food Patterns and Endothelial System: Summary of Data Included in the Systematic Review (Continued)

Participants, Age

Multi-Institutional
Collaborative
Cohort

Study (J-MICC)

Author Design Country No. Range, y Principal Results
Eilat-Adar Cross-sectional United 1066 18-92 Traditional dietary pattern
et al®® Genetics of States Positively associated with systolic blood pressure (P=.04) and
Coronary triglycerides (P<.01)
Artery Disease
in Alaska Purchased healthy food pattern
Natives Inversely associated with homocysteine (P=.01) and fibrinogen (P=.01)
(GODACAN)
Beverages and sweets food pattern
Inversely associated with CRP (P=.04)
Western food pattern
Positively associated with homocysteine (P=.02)
Valued adjusted by age, sex, BMI, MET, smoking and drinking status,
education level, total energy intake, cancer status, baseline CVD,
hypertension, and cholesterol medication use
Hlebowicz Cohort Sweden 4999 45-73 Low fat and high fiber pattern
et al® Malmo Diet Inversely associated with Lp-PLA(2) activity in men (OR, 0.62; P=.036)
and Cancer and in women (OR, 0.69; P=.002)
Cohort Study
(MDC) Sweets and cakes dietary pattern
Positively associated with Lp-PLA(2) in women (OR, 1.29; P=.030)
Milk fat pattern
Positively associated with Lp-PLA(2) mass in men (OR, 1.50; P=.011)
Many foods and drinks, fiber bread, and white bread dietary patterns
No associations were observed
Values adjusted by age, sex, BMI, physical activity, smoking and drinking|
status, education level, total energy intake, cancer status, baseline CVD,
hypertension, and cholesterol medication use
Nanri et al®2 Cohort Japan 9545 40-69  Healthy pattern
Japan Inversely associated with CRP in men (P=.01) and women (P<.01)

Abbreviations: CRP, C-reactive protein; IL-6, interleukin 6; Lp-PLA(2), lipoprotein-associated phospholipase A2; MET, metabolic equivalent; OR, odds
ratio; SAA, serum amyloid A; sICAM-1, intercellular adhesion molecule 1; sSELE, E-selectin; sVCAM-1, vascular cell adhesion molecule 1; TNF-aRlIl,
tumor necrosis factor-a receptor Il; tPA, tissue-type plasminogen activator antigen; BMI, Body-Mass-Index; CVD, cardiovascular disease.

Bread pattern
Inversely associated with CRP in men (P=.04) and women (P<.01)

Dessert pattern
Inversely associated with CRP in men (P<.01)

Seafood pattern
Positively associated with CRP in men (P=.02)

Western pattern

Positively associated with CRP in women (P<.01)

Values adjusted by age, alcohol consumption, smoking, and physical
activity level

The last included study was carried out in 9545
participants in the Japan Multi-Institutional Collabo-
rative Cohort Study. The Healthy Pattern (high in
vegetables and fruit), Bread Pattern (high in bread and

low in rice), and Dessert Pattern (confections and fruit)
showed an inverse association with CRP levels.
Otherwise, the Seafood Pattern (high in shellfish,
squid, and fish) and Western Pattern (high in meat
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and fried foods) were related to higher concentrations
of CRP.*?

Table SI reports the scientific evidence of the analyzed
biomarkers and endothelial function.

DISCUSSION

This study represents the first systematic review of FPs
and endothelial function, synthesizing data from obser-
vational studies from 1990 to 2012. The review
provides convincing evidence of the beneficial or dele-
terious influence of FPs on endothelial damage evalu-
ated via the analysis of several well-known serum
inflammatory-related markers.

In the past decades, nutritional epidemiology has
shown a growing interest in studies of FPs, and a vast
source of literature has been published on the associa-
tion between diet and chronic disease risk as a relevant
area of research to understand the role of diet in
modifying disease risk.'?*® FP analysis has emerged as
an alternative and complementary approach to exam-
ining the relationship between diet and the risk of
chronic diseases. As has been previously mentioned, FPs
have shown a relationship with CVD risk and with
several markers of endothelial function. However, few
studies have examined the association between global
diet, assessed through FPs, and the endothelial system.

Clearly, a healthy type of diet characteristically
abundant in fruits and vegetables had a beneficial
impact on endothelial function as estimated by a
decrease in circulating levels of soluble adhesion mol-
ecules, such as sSELE, sICAM-1, and sVCAM-1;
inflammation markers, such as IL-6 and CRP; and
molecular biomarkers of endothelial dysfunction
released into the circulation during endothelial injury.
On the other hand, Westernized Patterns characterized
by higher intakes of red and processed meats, sweets,
desserts, fried foods, and refined grains, was positively
related to an increase in inflammation molecules,
adhesion endothelial cells, and atherogenic promot-
ers.”®?” With regards to the Seafood Pattern, other
studies have described an association between fish
intake (rich in omega-3 fatty acids, considered anti-
inflammatory) as part of the traditional Japanese diet
with reduced risk of coronary heart disease and
primarily nonfatal cardiac events.>* Therefore, future
studies should focus on identifying synergistic, additive,
or antagonistic effects of food and food combination
and endothelial health.

Strategically located at the interface between tissue
and blood, endothelial cells produce numerous sub-
stances that regulate the role of vascular smooth muscle
and circulating blood cells. At the early stages of
atherosclerosis, endothelial cell activation by several
inflammatory stimuli results in the synthesis of adhesion
molecules and increases the adherence of monocytes.>’
Increased levels of soluble adhesion molecules such as
sVCAM-1 and sSELE, biomarkers of endothelial dys-
function, have been observed in human atherosclerotic
lesions and hypertensive patients.>¢ 3%

Cluster and factor analysis use distinct statistical
approaches to approximate FPs. In addition, there is
growing interest in using dietary quality indices to
evaluate the adherence to certain FPs. The findings can
vary depending on the methods used to elucidate FPs,
because each method is designed to answer a different
question. For example, cluster and factor analyses are
focused on intake variation and its relationship with
risk, whereas index analyses explore the variation of a
predefined diet and how it relates to risk.?’

STUDY LIMITATIONS
This review has some limitations. First, because of the
use of different statistical methodologies, the delimita-
tion of FPs depends on food intake or individuals’
characteristics for the population under research. Thus,
comparison  between studies is hindered by
heterogeneity. Second, observational studies are more
vulnerable to methodological problems and causality
cannot be established by this design. Third, the possibil-
ity of change in biomarker values within an individual is
relative to the physiological intraindividual fluctuation
and not directly related to endothelial function.
Endothelial dysfunction is a common and powerful
contributor to CVD. However, lifestyle changes, mainly
those associated with dietary changes and increased
physical activity may improve endothelial function and
produce blood pressure—lowering effects, as those seen
with drug treatment. FPs also have the advantage of
being practical tools for the dissemination of food
guidelines for the population recommendations. Thus,
the study of FPs may be considered a valuable alterna-
tive to analyze food intake, contributing to the identi-
fication and prevention of CVD risk factors.

CONCLUSIONS

Major FPs are associated with markers of endothelial
dysfunction and inflammation. Furthermore, new die-
tary studies to pinpoint the causal relationship with
endothelial health are warranted.
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