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Abstract

Aims: To evaluate relationships between diet quality and cardiovascular

outcomes.

Methods: Six databases were searched for studies published between January

2007 and October 2021. Eligible studies included cohort studies that assessed

the relationship between a priori diet quality and cardiovascular disease mor-

tality and morbidity in adults. The Academy of Nutrition and Dietetics Check-

list was used to assess the risk of bias. Study characteristics and outcomes were

extracted from eligible studies using standardised processes. Data were sum-

marised using risk ratios for cardiovascular disease incidence and mortality

with difference compared for highest versus lowest diet quality synthesised in

meta-analyses using a random effects model.

Results: Of the 4780 studies identified, 159 studies (n = 6 272 676 adults) were

included. Meta-analyses identified a significantly lower cardiovascular disease inci-

dence (n = 42 studies, relative risk 0.83, 95% CI 0.82–0.84, p < 0.001) and mortality

risk (n = 49 studies, relative risk 0.83, 95% CI 0.82–0.84, p < 0.001) among those

with highest versus lowest diet quality. In sensitivity analyses of a high number of

pooled studies (≥13 studies) the Mediterranean style diet patterns and adherence

to the heart healthy diet guidelines were significantly associated with a risk reduc-

tion of 15% and 14% for cardiovascular disease incidence and 17% and 20% for car-

diovascular disease mortality respectively (p < 0.05).

Conclusions: Higher diet quality is associated with lower incidence and risk

of mortality for cardiovascular disease however, significant study heterogeneity

was identified for these relationships.
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1 | INTRODUCTION

Worldwide, cardiovascular diseases are the leading con-
tributors to burden of disease, with total cardiovascular
disease case numbers almost doubling (from 271 to
523 million) between 1990 and 2019.1 Poor dietary pat-
terns are the second leading cardiovascular disease risk
factor, contributing to almost half of cardiovascular
deaths annually.1 Therefore, the development of cardio-
vascular disease is recognised as largely preventable by
managing behavioural risk factors, especially poor die-
tary patterns.1

The favourable relationship between healthy dietary
patterns and lower cardiovascular disease risk was first
recognised by the ‘Seven Countries Study’ which was
conducted in the 1950's. Cross-cultural analyses of
16 Seven Countries Study cohorts revealed that Mediter-
ranean style dietary patterns and Japanese dietary pat-
terns were positively correlated with lower 25-year
coronary heart disease mortality.2–4 Further research has
extended on this body of evidence demonstrating the link
between dietary patterns and health outcomes.5,6 Conse-
quently, nutritional epidemiology has shifted towards the
analysis of whole dietary patterns, including the con-
sumption of combinations of whole foods, rather than
focussing on relationships with single nutrients or foods.7

Evidence from diet quality scores or indexes used to
assess dietary patterns are increasingly being translated into
food-based recommendations for cardiovascular disease pre-
vention. For example, the World Heart Federation: Diet
and Nutrition,8 the National Heart Foundation: Healthy
eating to protect your heart9 and Mayo Clinic's: A Clini-
cian's Guide to Healthy Eating for Cardiovascular Disease
Prevention10 all encourage the consumption of plant-
based foods, wholegrains, lean meats and foods rich in
sources of unsaturated fatty acids, while limiting intakes
of foods high in added sugar, salt and saturated and
trans fatty acids. Therefore, synthesising the most recent
evidence regarding the relationship of diet quality and
cardiovascular health is essential to inform food-based
recommendations and guidelines for cardiovascular dis-
ease prevention.

Authors of the current study previously systemati-
cally reviewed11 observational studies published up to
2007 to evaluate the relationship between dietary pat-
terns and all-cause and cardiovascular disease morbidity
and mortality.11 Although, four systematic reviews have
meta-analysed studies up to March 2020, the literature

searches were limited to only three databases.12–15 Three
of these reviews only focused on specific Diet Quality
Indexes including Healthy Eating Index, Alternate
Healthy Eating Index and Dietary Approaches to Stop
Hypertension.12–14

Therefore, the aim of the current review was to
synthesise the evidence from cohort studies on the rela-
tionship between diet quality and cardiovascular out-
comes in adults (January 2007 to October 2021).11 This
review also compared cardiovascular incidence and mor-
tality for Diet Quality Index categories based on three
major approaches to the Diet Quality Index methodology:
(i) based on food groups or specific foods; (ii) based on
nutrient intakes; or (iii) derived from combinations of
foods and nutrient intakes.

2 | METHODS

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses16 checklist was used to guide the con-
duct and reporting of the current review. This review was
registered with the Open Science Framework.17

The search strategy was informed by a previous
review11 and updated in consultation with a medical
research librarian. An electronic search of human studies
published in English was conducted. The first literature
search included studies published between January 2007
and July 2018 while the second literature search (update)
included studies between July 2018 and October 2021.
The following databases were systematically searched for
both literature searches: CINAHL (EBSCO), Cochrane
Library (Wiley), MEDLINE (OVID), EMBASE (OVID),
Public Health (ProQuest) and Scopus (Scopus). The search
was conducted using the following Medical Subject Head-
ings (MeSH) keyword search terms: diet, dietary, quality,
variety, diversity, pattern, score, indicator, index, guideline,
Healthy Eating Index, Alternative Healthy Eating Index,
Recommended Food Score, chronic disease, cancer and
cardiovascular disease with a combination of AND/OR
between terms. Full details of the search strategy for each
database are provided for the first literature search in
Tables S1–S5 and second literature search in Tables S6–
S10. The review screening was managed using the soft-
ware program Covidence (Melbourne, VIC, Australia,
Veritas Health Innovation 2015).

Titles and abstracts of the retrieved articles were com-
pared against the inclusion and exclusion criteria by two
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independent reviewers (Table 1). Diet quality was defined
as dietary patterns score using a metric based on con-
structs including adequacy, moderation, balance and
variety, with the score used to quantify a relationship
with cardiovascular disease outcomes. This scoring may
be based on the intakes of food groups, specific foods
and/or nutrients. Dietary patterns with conflicting evi-
dence regarding relationships with cardiovascular health,
such as a low carbohydrate dietary pattern which is asso-
ciated with lower levels of dietary fibre intake,18 have
been included in order to represent all studies being con-
ducted and to provide further insights into how differing
dietary patterns, that met the inclusion criteria, are asso-
ciated with cardiovascular disease risk. Intervention stud-
ies were excluded as this review explored the association
between diet quality and cardiovascular disease incidence
and mortality with a particular focus on how approaches
to the diet quality methodology impacted on this relation-
ship. Intervention studies such as randomised control tri-
als, are higher level evidence but are generally short in
duration compared with cohort studies. After the initial
screening, full texts were retrieved and assessed for eligi-
bility by two independent reviewers. Discrepancies
between the reviewers regarding the eligibility of the arti-
cles were resolved by the decision of a third independent
reviewer. This process was used for managing all discrep-
ancies throughout the review.

The methodological quality of reporting for the eligi-
ble articles were assessed using the Academy of Nutrition
and Dietetics Quality Criteria Checklist for Primary
Research,19 relevant for critically appraising nutrition
studies. The methodological quality of eligible articles
were assessed by two independent reviewers. The Quality
Criteria Checklist19 rates study design and execution
based on the responses to 10 validity questions. Ratings

assigned by the checklist include positive (highest quality
rating assigned when responses were ‘yes’ to six or more
validity questions, including all four priority questions),
negative (lowest quality rating assigned when responses
were ‘no’ to six or more validity questions), or neutral
(‘no’ to one or more of four priority criteria questions).

Diet quality, cardiovascular disease incidence and
indicators of morbidity and mortality data were indepen-
dently extracted by one reviewer and checked by a sec-
ond reviewer. Data extracted from the articles included
study setting, study design, population characteristics,
dietary assessment methods, outcome measures, results
and conclusions. The country in which the study was
conducted was classified into high (>United States [US]
$12 235) upper middle (US$3956–$12 235), lower middle
(US$1006–$3955) and low income (<US$1005) based on
the World Bank estimates of 2016 gross national income
per capita.20

Meta-analyses were performed for the risk ratio
(i.e., hazard ratio, relative risk, odds ratio, or incidence rate
ratio) of cardiovascular disease incidence and mortality
among highest (i.e., most healthy) versus lowest (i.e., least
healthy) diet quality using random effects models. Studies
were grouped by the relevant outcomes including cardio-
vascular disease incidence and mortality. Cardiovascular
disease incidence includes the combined fatal and non-
fatal cases while cardiovascular disease mortality includes
outcomes of fatality associated with cardiovascular disease.
Where studies reported both unadjusted and adjusted
results, the adjusted results were used as suggested by
Metelli et al.21 due to the fact that unadjusted results are
more likely biased by not accounting for potential con-
founders. Subgroup analyses were performed for the most
common dietary indexes including Healthy Eating Index
and Mediterranean Diet Score, diet quality scores

TABLE 1 Inclusion and exclusion criteria for selecting studies.

Criteria Study design Population Predictor Outcome

Inclusion • Cohort studies
• Human studies

• Adults (≥18 years)
• Any gender or

ethnicity

• Theoretically defined dietary
patterns (diet indices/scores)

• A priori diet quality measure
based on current nutrition
knowledge

• Measures of morbidity (not
including cancer) and
mortality

• Incidence or risk of
hypertension, metabolic
syndrome, overweight/
obesity, type 2 diabetes and
cardiovascular disease
biomarkers and clinical
outcomes

Exclusion • Case–control or
cross-sectional
studies

• Intervention studies
• Animal studies

• Children or
pregnant women

• Dietary patterns derived a
posteriori such as by cluster
analysis or factor analysis

• No CVD outcome measures
• Measures of morbidity

including cancer or no other
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generated from adherence to national dietary guidelines
(e.g., Healthy Diet Indicator, Dutch Healthy Diet-Index,
Modified Australian Diet Quality Index) and heart healthy
diet guidelines (e.g., Dietary Approaches to Stop Hyperten-
sion, American Heart Association diet scores), as well as
scores generated from adherence to plant-based diets
(e.g., Plant-Based Diet Score), anti-inflammatory diets
(e.g., Dietary Inflammatory Index) and low carbohydrate
diets (e.g., Carbohydrate-Restricted diet score). Diet quality
measures that were not relevant to these major/ common
diet indices categories were not included in the subgroup
analysis. Sub-group analyses were also performed for diet
indexes or diet quality measures based on if scoring was
generated from food consumption patterns (e.g., Anti-
inflammatory diet index, Food Quality Score), nutrient
intake (e.g., Adherence to low-carbohydrate diet, Die-
tary Approaches to Stop Hypertension score) or both
(e.g., Mediterranean Diet Score, Dietary Approaches to
Stop Hypertension). Two reviewers with relevant knowl-
edge and expertise initially categorised the diet indexes,
and this was checked by a third reviewer. Some articles
used multiple diet quality scores while other studies
used the same cohort (e.g., Nurses' Health Study).
Therefore, further sensitivity analyses were performed
to assess if there was a clustering effect caused by the
inclusion of multiple diet quality assessment measures
and overlapping cohort samples reported by multiple
studies. Comparison of effect sizes and 95% confidence
intervals indicated that there were no significant effects
on cardiovascular disease incidence and mortality by
these factors. Heterogeneity between the studies was
estimated and assessed by Higgins's I2 test statistic. An
I2 value greater than 50% indicates substantial heteroge-
neity across the studies.22 Publication bias was assessed
by the symmetry of the funnel plots and data provided
from rank correlation tests. Meta-analysis was con-
ducted using Stata Statistical Software (version 14.2,
StataCorp, LLC. Texas, USA).

3 | RESULTS

A total of 4780 articles (excluding duplicates, n = 777)
were identified from the search strategy and 786 full-text
articles were assessed against the eligibility criteria. After
completing the screening, numerous articles (n = 422)
were assessed as eligible for inclusion in the review but
deemed beyond the capacity of a single systematic
review. Consequently, cross-sectional, and case–control
studies (n = 224) were removed which was not originally
specified in the exclusion criteria, therefore limiting the
review to cohort studies (n = 159) included in the review
(Figure 1). The review was limited to cohort studies, as

this study design is a higher level of evidence in the
research hierarchy compared with cross-sectional and
case–control studies and therefore the likelihood of bias
on the results is reduced. Comprehensive details of the
159 included articles are summarised in Table S11. Key
study characteristics are reported in Table 2. A high pro-
portion of studies (n = 135, 85%) were published from
2013 and conducted in high income countries (n = 149,
94%). The sample size of included studies ranged from
4923 to 451 25624 with a total number of 6 272 676 adults.
More than half (n = 110, 69%) the participants were
middle-aged (51–65 years) and older (>65 years) adults.

Dietary intake was commonly (n = 134, 81%) assessed
by food frequency questionnaires across the studies. The
number of question items within each food frequency
questionnaire ranged from seven25 to 280.26 The number
of time-points used to assess dietary intake ranged from
one to 16 however, a high proportion (112, 70%) of the
studies only assessed dietary intake at one time-point.
There were 15 major types of Diet Quality Indexes used
across the studies to assess diet quality. The most com-
mon indexes used were all variations of Mediterranean
Diet Score (n = 91, 29%), Healthy Eating Index (n = 61,
20%) and Dietary Approaches to Stop Hypertension
(n = 47, 15%). More than a third (n = 69, 42%) of studies
used two or more Diet Quality Indexes.

A summary of the methodological quality assessment
for each study is provided in Table S12. Assessment of
the studies resulted in 80 studies awarded a positive rat-
ing, 78 studies with a neutral rating and one study
received a negative rating. Based on the responses to
10 validity questions, a neutral rating was commonly
attributed because of unclear inclusion and exclusion cri-
teria and the use of less rigorous dietary assessment
methods (e.g., a single 24-h food recall, food frequency
questionnaire <120 food items).

Forty-two studies25,27–67 reported cardiovascular dis-
ease incidence as a relative risk (95% CI) comparing the
highest versus lowest diet quality and were included in a
meta-analysis. The characteristics of these studies are
described in Table S13. In the overall model including all
diet indexes (n = 97), comparison of outcomes for those
with the highest versus lowest diet quality found signifi-
cantly lower cardiovascular disease incidence (relative
risk 0.83, 95% CI 0.82–0.84, p < 0.001, n = 42 studies)
(Figure 2). The I2 test statistic indicated significant het-
erogeneity (I2 = 75.0%, p < 0.001). The funnel plot
(Figure S1) and rank correlation test indicate evidence of
publication bias, favouring studies with larger effect sizes
(Kendall's tau = �0.12, p < 0.001).

In the first sensitivity analysis by type of diet index,
comparing six index groups: Mediterranean Diet Score or
variations, heart healthy guidelines, adherence to dietary
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guidelines, Healthy Eating Index, anti-inflammatory diet,
and plant-based diet, there was a significant difference in
cardiovascular disease incidence by type of diet index
(p < 0.001) (Figure S2). The relative risk of cardiovascu-
lar disease incidence comparing the highest versus lowest
diet quality for each diet index was: Mediterranean Diet
Score or variations of (relative risk 0.85, 95% CI 0.83–
0.87, p < 0.001, n = 17 studies), heart healthy diet guide-
lines (relative risk 0.86, 95% CI 0.82–0.89, p = 0.036,
n = 13), adherence to dietary guidelines (relative risk
0.85, 95% CI 0.82–0.88, p = 0.059, n = 12), Healthy
Eating Index (relative risk 0.81, 95% CI 0.79–0.82,
p = 0.407, n = 10), anti-inflammatory diet (relative risk
0.76, 95% CI 0.73–0.80, p < 0.001, n = 2), and plant-based
diet (relative risk 0.87, 95% CI 0.84–0.89, p = 0.408,
n = 2) (Figure S2).

In the second sensitivity analysis by type of diet index,
comparing those based on foods only (n = 15 studies),

nutrients only (n = 3) or food and nutrients (n = 33),
there was no significant difference in cardiovascular dis-
ease incidence by type of diet index (p = 0.063)
(Figure S3).

Forty-nine studies24,26,29,34–36,39,40,54,58,68–106 reported
cardiovascular disease mortality as a relative risk (95%
CI) comparing the highest versus lowest diet quality
and were included in a meta-analysis. The characteris-
tics of these studies are described in Table S13. In the
overall model including all diet indexes (n = 111),
comparing the highest versus lowest diet quality, there
was a significantly lower risk of cardiovascular disease
mortality (relative risk 0.83, 95% CI 0.82–0.84,
p < 0.001, n = 49) (Figure 3). The I2 test statistic indi-
cated substantial heterogeneity (I2 = 71.7%, p < 0.001).
The funnel plot (Figure S4) and rank correlation test
indicate no evidence of publication bias (Kendall's
tau = �0.15, p = 0.55).

Articles identified from: 
Medline  (n = 1,888) 
Embase (n = 1,638) 
Proquest (n = 911) 
CINAHL (n = 771) 
Cochrane (n = 307)  
Other sources (n = 21) 
TOTAL (n = 5,536) 

Articles removed before 
screening:

Duplicate records removed  
(n = 756) 

Abstracts screened 
(n = 4,780) 

Articles excluded 
(n = 3,994) 

Full-text articles sought for 
retrieval 
(n = 786) 

Full-text articles excluded 
(n = 364) 

Wrong language (n = 3) 
Duplicate (n = 15) 
Wrong study design (n = 157) 
Wrong population (n = 38) 
Wrong predictor (n = 26)  
Wrong outcome (n = 125) 

Articles initially included in the 
review  
(n = 422) 

Full-text articles excluded 
(n = 263) 

Cross-sectional and case-control 
articles (n = 224) 
Insufficient data related to CVD 
risk factors, incidence or 
mortality excluded (n = 39) 

Articles (cohort design) included 
in the final review  
(n = 159) 

Identification of studies via databases and registers 
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FIGURE 1 The PRISMA flow

diagram for the systematic review

detailing the database searches, the

number of abstracts screened and

the full texts retrieved.
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The first sensitivity analysis by type of diet index com-
pared seven dietary index groups: Mediterranean Diet
Score or variations, heart healthy guidelines, adherence
to dietary guidelines, Healthy Eating Index, anti-

TABLE 2 Summary of study characteristics (n = 159).

Characteristics
Total
n (%)

Publication year ≤2006 0 (0.0)

2007–2009 10 (6.3)

2010–2012 14 (8.8)

2013–2015 39 (24.5)

2016–2018 48 (30.2)

>2018 48 (30.2)

Country of publication High income 149 (93.7)

Upper-middle income 10 (6.3)

Lower-middle & low
income

0 (0.0)

Number of participants
included in the
analysis

Total (n) 6 272 676

Range 49–451 256

Mean age of study
sample

18–35 years 4 (2.5)

36–50 years 45 (28.3)

51–65 years 86 (54.0)

>65 years 24 (15.0)

Ethnicity/race ≥80% white 26 (16.4)

≤80% white 27 (17.0)

Not reported 106 (66.7)

Dietary assessment
method

Food frequency
questionnaire

134 (80.7)

24-h food recall/s 12 (7.2)

Food/diet
questionnaire

7 (4.2)

Diet history 5 (3.0)

7-day food records
(estimated portions)

4 (2.4)

4-day food records
(estimated portions)

2 (1.2)

3-day food records
(estimated portions)

1 (0.6)

3-day weighed food
records

1 (0.6)

Number of dietary
assessment methods

1 155 (97.5)

2 2 (1.3)

3 2 (1.3)

Number of timepoints
for dietary assessment

Not reported 2 (1.3)

1 112 (70.4)

2 20 (12.6)

3 8 (5.0)

>3 17 10.7)

Mean(SD) 1.0 (0.3)

Diet Quality Index Mediterranean Diet
Indexes (all versions)

91 (29.1)

(Continues)

TABLE 2 (Continued)

Characteristics
Total
n (%)

HEI (all versions) 61 (19.5)

DASH (all versions) 47 (15.0)

Plant-based Diet
Indexes

21 (6.7)

DII 11 (3.5)

HDI (all versions) 8 (2.6)

Diet Diversity Indexes 8 (2.6)

DQI (all versions) 6 (1.9)

Nordic Diet Index (all
versions)

1 (1.2)

Adherence to Low
Carbohydrate
Indexes

3 (1.0)

Antioxidant Content
Indexes

3 (1.0)

AHA Recommended
Dietary Patterns

2 (0.6)

Anti-inflammatory
Diet Index

2 (0.6)

Programme National
Nutrition Santé
guidelines score (all
versions)

2 (0.6)

FSA-NPS DI 2 (0.6)

Miscellaneous 42 (13.4)

Number of Diet Quality
Indexes used within
the cohort

1 92 (57.9)

2 20 (12.6)

3 20 (12.6)

>3 27 (17.0)

Mean(SD) 2.0 (1.7)

Length of follow-up
from baseline (years)

0–5.99 19 (11.9)

6–10.99 53 (33.3)

11–15.99 33 (20.8)

16–0.99 31 (19.5)

>21 23 (14.5)

Mean(SD) 13.5 (7.9)

Abbreviations: AHA Recommended Dietary Patterns, American Heart
Association Recommended Dietary Patterns; DASH, Dietary Approaches to

Stop Hypertension; DII, Dietary Inflammatory Index, DQI, Diet Quality
Index, FSA-NPS DI, Food Standards Agency Nutrient Profiling System
Dietary Index; HDI, Healthy Diet Indicator; HEI, Healthy Eating Index.
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Overall, IV (I 2 = 75.0%, p = 0.000)
Xu 2020b
Xu 2020a
Veglia 2019
Trebuchet 2019c
Trebuchet 2019b
Trebuchet 2019a
Shan 2020d
Shan 2020c
Shan 2020b
Shan 2020a
Rebholz 2019f
Rebholz 2019e
Rebholz 2019d
Rebholz 2019c
Rebholz 2019b
Rebholz 2019a
Lin 2013b
Lin 2013a
Li 2020c
Li 2020b
Li 2020a
Levitan 2009
Larsson 2019b
Larsson 2019a
Kulezic 2019
Kim 2019d
Kim 2019c
Kim 2019b
Kim 2019a
Kaluza 2020
Johansson 2020
Jackson 2020b
Jackson 2020a
Hu 2019d
Hu 2019c
Hu 2019b
Hu 2019a
Fung 2008
Farhadnejad 2020
Chiuve 2012b2
Chiuve 2012b1
Chiuve 2012a2
Chiuve 2012a1
Bonaccio 2017
Ahmad 2018
Adriouch 2016
Adriouch 2017
Tong 2016d
Tong 2016c
Tong 2016b
Tong 2016a
Struijk 2014c
Struijk 2014b
Struijk 2014a
Mertens 2018c
Mertens 2018b
Mertens 2018a
Martinez-Gonzalez 2011a
Levitan 2009d
Levitan 2009c
Levitan 2009b
Levitan 2009a
Larsson  2016a
Jones 2018
Hoevenaar-Blom 2014
Hansen-Krone 2012
Georgousopoulou 2015
Gardener 2011
Fung 2009b
Fung 2009a
Fung 2016
Fung 2018c3
Fung 2018c2
Fung 2018c1
Fung 2018b3
Fung 2018b2
Fung 2018b1
Fung 2018a3
Fung 2018a2
Fung 2018a1
Eguaras 2015
Del Gobbo 2015d
Del Gobbo 2015c
Del Gobbo 2015b
Del Gobbo 2015a
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FIGURE 2 Forest plot of results for the risk of CVD incidence

comparing the highest versus lowest diet quality across 42 studies

(n = 97 diet indexes).
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FIGURE 3 Forest plot of results for the risk of CVD mortality

comparing the highest versus lowest diet quality across 49 studies

(n = 111 diet indexes).
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inflammatory diet, plant-based diet and low carbohydrate
diet. There was a significant difference in the risk of car-
diovascular disease mortality by type of diet index
(p < 0.001) (Figure S5). Cardiovascular disease incidence
comparing the highest versus lowest diet quality for each
diet index was: Mediterranean Diet Score or variations
(relative risk 0.83, 95% CI 0.81–0.85, p < 0.001, n = 21
studies), heart healthy guidelines (relative risk 0.80, 95%
CI 0.78–0.82, p < 0.001, n = 16), adherence to dietary
guidelines (relative risk 0.85, 95% CI 0.84–0.87, p < 0.001,
n = 14), Healthy Eating Index (relative risk 0.81, 95% CI
0.79–0.83, p < 0.001, n = 12), anti-inflammatory diet (rel-
ative risk 0.81, 95% CI 0.77–0.84, p = 0.390, n = 5), plant-
based diet (relative risk 0.80, 95% CI 0.82–0.84, p < 0.001,
n = 3) and low carbohydrate diet (relative risk 0.93, 95%
CI 0.68–1.18, p = 0.795, n = 2) (Figure S5).

In the second sensitivity analysis by type of diet index,
comparing those based on foods only to those based on
food and nutrients, there was a significant difference in
the risk of cardiovascular disease mortality by type of diet
index (p = 0.002) (Figure S6). The risk of cardiovascular
disease mortality comparing the highest versus lowest
diet quality for diet indexes based on foods only was (rel-
ative risk 0.85, 95% CI 0.83–0.86, p < 0.001, n = 15 stud-
ies), and for those based on food and nutrients was
(relative risk 0.82, 95% CI 0.81–0.83, p < 0.001, n = 33).

Seven studies reported the relationship between diet
quality and incidence of or risk of having Metabolic
Syndrome, as a cardiovascular disease risk factor107–113

(Table S14). Most studies found a significant inverse relation-
ship between diet quality and Metabolic Syndrome incidence
(n = 3),108,109,113 risk of Metabolic Syndrome (n = 2)107,112 or
odds of Metabolic Syndrome reversion (n = 1).111 Intakes in
the highest quintile for Mediterranean-Style Dietary Pattern
Score were associated with a lower incidence of Metabolic
Syndrome compared with those in the lowest quintile (38.5%
compared with 30.1%; p = 0.01).108 Steffen et al.109 reported
that higher adherence to the Mediterranean diet was associ-
ated with a reduced 25-year cumulative incidence of
Metabolic Syndrome components such as abdominal obesity
and low HDL cholesterol concentrations (p-trend = 0.02).
Pimenta et al.113 found that only two of 13 diet indexes (Pro-
Vegetarian Diet and Dietary Approaches to Stop Hyperten-
sion) were associated with a reduced incidence of Metabolic
Syndrome (Incidence rate ratio: 0.63 (0.43–0.93) and relative
risk: 0.41 (0.20–0.85). Higher Mediterranean Diet Score (odds
ratio: 0.47 (0.32–0.69); p-trend = 0.001) scores were associ-
ated with a significant lower 6-year incidence of Metabolic
Syndrome.112 While higher unhealthy plant-based diet index
scores were significantly associated with a 50% increased risk
of Metabolic Syndrome (hazard ratio: 1.50, 95% CI 1.31–1.71;
p-trend <0.001).107 Akbaraly et al.111 reported higher Diet
Quality Indexes to be associated with increased odds of

Metabolic Syndrome reversion over a 5-year follow-up (odds
ratio: 3.74, 95% CI: 1.37–10.2).111 Mirmiran et al.110 did not
find a significant association between diet quality (measured
using the Mediterranean Diet Score and Sofi- Mediterranean
Diet Score) and Metabolic Syndrome.

Eight studies reported the association between diet
quality and incidence and/or risk of hypertension as a
risk factor for cardiovascular disease55,82,114–119

(Table S14). Five studies55,82,114,116,119 found a significant
inverse relationship between diet quality and hyperten-
sion. Folsom et al.82 found that higher adherence to the
Dietary Approaches to Stop Hypertension diet was
inversely associated with the incidence of hypertension
(hazard ratio: 0.87 (p-trend = 0.02)).Two studies reported
participants in the highest quartile (best diet quality) ver-
sus lowest quartile (worst diet quality) categories for four
dietary indexes had a lower risk of developing hyperten-
sion (range hazard ratios = 0.70–0.90).114,116 One study
reported participants with a pro-inflammatory diet score
versus an anti-inflammatory diet score had higher odds
of developing hypertension (odds ratio = 1.24, 95% CI:
1.06–1.45).119 Higher diet quality scores measured using
the Australian Recommended Food Score and Mediterra-
nean Diet Score were associated with a 46% and 27%
lower odds of developing hypertension respectively.55 No
significant relationship between higher Diet Quality
Index scores and hypertension were found in three
studies.115,117,118

Twelve studies reported the relationship between diet
quality and waist circumference, body weight and/or the
risk of overweight and obesity as a risk factor for cardio-
vascular disease108–110,117,120–127 (Table S14). Of the
12 studies reporting overweight/obesity, seven reported a
significant inverse relationship between higher Diet
Quality Index scores and body weight or the risk of over-
weight/obesity.108,109,117,120,121,125,126 Higher diet quality
scores, assessed by three indexes, were inversely associ-
ated with body mass index (p < 0.05).117,125 Kang et al.126

reported that a substantial improvement in diet quality
scores (≥1 SD increase), assessed by four indexes, was
associated with lesser weight gain (by 0�55–1�17 kg in
men and 0�62–1�31 kg in women) over 10 years. Four
studies reported that participants in the highest quintiles (best
diet quality) had lower risks of overweight/obesity, measured
using waist circumference (n = 2) (p < 0.001)108,109 and
BMI (n = 2) (range hazard ratio 0.68–0.76).120,121 Two
studies reported that diet quality scores were negatively
associated with waist circumference.123,124 Three studies
did not find a significant relationship between diet quality
scores and changes in waist circumference or risk of over-
weight/obesity.110,122,127

Twelve studies evaluated the relationship between
diet quality and biomarkers and clinical
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outcomes23,44,117,123,125,128–134 (Table S14). Higher diet
quality scores were favourably associated with the follow-
ing biomarkers: triglycerides (n = 2),125,131 LDL choles-
terol (n = 2),123,131 HDL cholesterol (n = 1),129 blood
glucose (n = 1),133 insulin levels (n = 2),117,133 C-reactive
protein (n = 2)44,117 and high-sensitivity cardiac troponin
T levels (n = 1).128 Ceramide ratio (C24:0/C16:0) were
not significantly associated with diet quality scores mea-
sured by Dietary Guidelines Adherence Index and Medi-
terranean Diet Score.134 Long-term adherence to the
French Nutrition and Health Program guidelines was
associated with a significantly lower heart rate (60.2
± 8.0 vs. 64.3 ± 8.4 beats/min, p = 0.042), a lower heart
rate � systolic blood pressure product (7166 ± 1323
vs. 7788 ± 1680 beats �mmHg/min; p = 0.009), and a
shorter tension–time index (2145 ± 489 vs. 2307
± 428 ms mmHg; p = 0.018) compared with those that
did not continuously adhere to the guidelines.23 Gao
et al.130 investigated the balance construct of diet quality
and calculated a scoring metric based on the percentage
of energy intake from carbohydrates and protein and fat
derived from plant and animal-based food sources. This
study found that dietary patterns with a higher energy
contribution from protein and fat derived from animal-
based sources (score 16–27 points) were linked with a
higher risk of coronary artery calcium progression (haz-
ard ratio: 1.456, 95% CI, 1.015–2.089; p = 0.041) while no
significant association was found with a higher energy
contribution from protein and fat derived from plant-
based sources (score 14–27 points, p = 0.884).130

Nouri et al.132 found that poor diet quality, measured
by the Diet Quality Index was associated with higher
scores for latent profile, indicating greater impairment of
cardiovascular disease risk factors.

Seventeen studies reported the relationship between diet
quality on the incidence of type 2 diabetes as a cardiovascular
disease risk factor (Table S14).106,127,129,133,135–147 Fifteen out
of 17 studies identified an inverse relationship between diet
quality scores, measured by eight types of dietary indexes
with risk of developing type 2 diabetes (hazard ratio range:
0.69–0.96). Yu et al.106 reported that higher Chinese Food
Pagoda and Alternate Healthy Eating Index-2010 scores in
men and higher Modified Dietary Approaches to Stop
Hypertension scores in womenwere associated with a signif-
icantly reduced risk of diabetes mortality (p < 0.05). One
study by Zamora et al. did not identify a significant relation-
ship between diet quality and type 2 diabetes incidence.129

4 | DISCUSSION

The current review examined the relationship between
diet quality measured by a range of dietary quality

indexes and cardiovascular disease incidence, mortality
and cardiovascular disease risk factors. This is the most
comprehensive review and meta-analysis that has been
conducted to date and included 159 cohort studies with
6.2 million participants. Numerous sensitivity analyses
were conducted to compare cardiovascular disease inci-
dence and mortality by type of dietary index used. This
review identified that a prolific number of diet quality
studies have been published in the past 5 years, although
most have been conducted in high-income countries
only. Findings from the meta-analyses indicated that
among those with the highest diet quality scores, mea-
sured across all dietary indexes, there was a 17% risk
reduction in cardiovascular disease incidence and mortal-
ity. While significant heterogeneity between the studies
meant that a meta-analysis could not be undertaken for
all cardiovascular disease outcomes, findings across the
cohort studies support that a high diet quality is inversely
associated with incidence or risk of developing Metabolic
Syndrome (6 of 7 studies), hypertension (5 of 8), over-
weight/obesity (7 of 12), adverse cardiovascular disease
biomarkers and clinical outcomes (12 of 12) and type 2
diabetes (15 of 17).

Findings from the current review indicated that a
high-quality diet is protective against cardiovascular dis-
ease incidence and mortality. Although, significant study
heterogeneity was identified in the analysis of these rela-
tionships, likely due to the wide range of dietary assess-
ment methods (e.g., 24-h food recall, food frequency
questionnaire) and type of diet index/es used, as well as
the modifications made to the diet index/es to evaluate
diet quality, which impacts on the ability to compare
studies.

The cardiovascular benefits arising from dietary pat-
terns that score highly across Diet Quality Indexes may be
attributed to the emphasis on the frequent consumption of
a diversity of nutrient-rich foods such as fruit, vegetables,
wholegrains/cereals, lean meats, fish and seafood, in the
most commonly used dietary indexes (e.g., Mediterranean
Diet Score, Dietary Approaches to Stop Hypertension,
Healthy Eating Index). A meta-analysis (n = 16 prospec-
tive studies) found that intakes of 800 g/day of fruits and
600 g/day of vegetables are associated with a 28% reduc-
tion in relative risk of cardiovascular disease for both food
groups.148 Fruit and vegetables are a rich source of dietary
fibres as well as antioxidants that may neutralise reac-
tive oxygen species and reduce DNA damage and
inflammation.149 Higher intakes (>90 grams) of whole-
grains have also been associated with improvements in
cardiovascular disease risk factor levels, including blood
pressure150,151 and plasma lipids.152 A meta-analysis of
10 prospective cohort studies found that a three serve per
day (90 grams) increase in wholegrain intake was
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associated with a 22% reduction in the relative risk of car-
diovascular disease.153 A systematic review of 14 interven-
tion trials indicated that oily fish consumption (ranging
from 20 to 150 g per day) over 9 weeks led to improve-
ments in cardiovascular disease biomarkers, including
plasma triglycerides (�0.11 mmol/L; 95% CI: �0.18 to
�0.04; p = 0.002) and HDL-cholesterol (0.06 mmol/L, 95%
CI 0.02–0.11; p = 0.008).154 The interactive effects of the
nutrients acquired from consuming a combination of these
foods is likely to be more important and potent for cardio-
vascular disease health promotion, rather than isolated
nutrients or food groups. Interestingly, in the current
review higher diet quality scores for food and nutrient
indexes were significantly associated with a 3% higher risk
reduction for cardiovascular disease mortality compared
with food only indexes. Food and nutrient indexes
included in the meta-analysis were predominantly (58%)
Mediterranean diet scores, Healthy Eating Index and Die-
tary Approaches to Stop Hypertension whereas there was
a wide range of food-based indexes used (n = 17). The
scoring components of these three indexes are based on a
large body of evidence of known dietary factors associated
with the development of cardiovascular disease.53,155,156 A
higher proportion (39%) of food and nutrient indexes con-
sidered alcohol consumption compared with recommen-
dations or alcohol as a macronutrient in the scoring
component compared with food-based indexes which may
have also contributed to the differences observed. How-
ever, the Mediterranean Diet Score (19% of food and nutri-
ent indexes) assigns one point for alcohol consumption
with a range of intake (10–50/g day for men, 5–25 g/d for
women) while alcohol consumption outside this range is
assigned zero points. Therefore, diet quality scores may
not clearly distinguish between alcohol abstainers com-
pared with those that consume alcohol excessively which
may impact on the accuracy of estimates for diet and dis-
ease associations. Based on the high number of pooled
studies in the sensitivity analyses comparing food and
nutrient indexes with food only indexes (≥13 studies), the
Mediterranean style diet patterns and adherence to the
heart healthy diet guidelines (e.g., Dietary Approaches to
Stop Hypertension, American Heart Association diet
scores) were significantly associated with a risk reduction
of 15% and 14% for cardiovascular disease incidence and
17% and 20% for cardiovascular disease mortality respec-
tively. Although, almost half of the studies (8 of
17)25,27,28,32,37,43,50,66 included in the meta-analysis of the
relationship between diet quality and cardiovascular dis-
ease incidence were conducted in populations from the
Mediterranean region, they were more likely to have a
larger effect sizes compared to those studies conducted
outside this region and therefore these findings may
not be generalisable to non-Mediterranean

population.35,36,39,46 Similarly, a previous meta-analysis
also reported a lower risk ratio for coronary heart dis-
ease and acute myocardial infarction in adults with the
highest adherence to Mediterranean Diet Score, show-
ing stronger associations among studies conducted in
those residing in the Mediterranean region [relative
risk: 0.61(0.46–0.79)] compared to participants from
outside the region [relative risk: 0.79(0.70–0.89)].157

Limitations of the evidence presented in the current
review include that significant heterogeneity observed in
the meta-analysis, which may be explained by the varia-
tion in population samples, age and sample sizes between
studies. Significant publication bias was also detected for
some outcomes. While these factors cannot always be
controlled for, other comparable reviews have reported
similar issues.12,14 Most studies assessed dietary intake
using food frequency questionnaires that provided self-
reported data and therefore the risk of recall bias cannot
be excluded. Furthermore, more than 50% of the included
studies only assessed dietary intake at a single timepoint
and used a single dietary index to evaluate diet quality.

The limitations of the methods used for this system-
atic review include that the literature search was limited
to cohort studies published between January 2007 and
October 2021. A variation was made to the original proto-
col to exclude cross-sectional and case control studies as
it was beyond the capacity of the research team to man-
age more than 400 eligible articles. In the second litera-
ture search for studies published between July 2018 to
October 2021, a further 74 articles were eligible and
included in the current review. It is likely that many
cohort studies have since been published since October
2021 which are not included in the current review.
The current systematic review of cohort studies with
meta-analysis demonstrates that higher diet quality, as
measured by a range of Diet Quality Indexes, was associ-
ated with a significant reduction in cardiovascular dis-
ease incidence and risk reduction for cardiovascular
disease mortality. There is a stronger body of evidence
to support greater alignment with Mediterranean style
dietary patterns and heart healthy dietary guidelines
and lower cardiovascular disease incidence and mortal-
ity. The current findings also highlight the importance
of higher quality dietary patterns overall in optimising
cardiovascular disease health, including consumption of
a variety of healthful foods for the prevention of cardio-
vascular disease.
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