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Abstract
We aimed to fully review the association of empirical dietary patterns with the risk of non-communicable chronic diseases and to rate the quality
of the evidence. Published meta-analyses of observational studies investigating the association of empirically derived dietary patterns with the
risk of chronic diseases were identified by searching PubMed and Scopus till September 2019. Two independent reviewers extracted the infor-
mation and rated the quality of the evidence by NutriGrade score. For each meta-analysis, cross-sectional and case–control studies were
excluded and then summary relative riskwas recalculated by using a random-effects model. Sixteenmeta-analyses of prospective cohort studies,
reporting eighteen SRR for healthy dietary patterns and sixteen SRR for unhealthy patterns obtained from 116 primary prospective cohort studies
with 4·8 million participants, were included. There was moderate quality of evidence for the inverse association of healthy dietary patterns with
the risk of type 2 diabetes (T2D), fracture and colorectal and breast cancers. Therewas also low-quality evidence for the inverse relation between
healthy dietary patterns and the risk of all-cause and cardiovascular mortality, depression, CHD and respiratory diseases. There was moderate
quality of evidence for a positive association between unhealthy dietary patterns and the risk of T2D, fracture and the metabolic
syndrome. Adopting a healthy dietary pattern may reduce the risk of T2D, CHD and premature death. More research is needed for outcomes
for which the quality of the evidence was rated low, such as respiratory disease, mental illness and site-specific cancers.
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The associations of diet quality with the risk of non-communi-
cable chronic diseases are well documented. It is estimated that
about 11 million deaths in 2017 were attributable to dietary
factors(1). Accordingly, high Na intake and low intake of whole
grains and fruits are the main worldwide dietary risk factors(1).
Several meta-analyses of prospective cohort studies have doc-
umented that higher and/or lower intakes of healthy/unhealthy
dietary components are associated with the risk of CVD(2,3),
type 2 diabetes (T2D)(4), total and site-specific cancers(5) and
mortality(6).

Besides studying the association of single dietary compo-
nents with the risk of chronic diseases, dietary pattern analysis
has been introduced to reflect the overall quality of the diet
and investigate the association of individual’s dietary habits
and preferences with disease risk(7–10). Dietary pattern analysis
takes interactive and synergistic effects of dietary components
into account(11) and accounts for cumulative effects of risk-
increasing and/or risk-decreasing dietary components(12). In this

method, empirical dietary patterns are explored by pattern-
based analytic methods (e.g. factor analysis, unsupervised
cluster analysis, etc.), and investigating their association with
non-communicable chronic diseases risks may serve as a com-
plementary approach in parallel with investigating the associ-
ation of single foods or nutrients with disease risks.

The associations of empirical dietary patterns with the risk of
non-communicable chronic diseases have been widely investi-
gated. There is evidence that healthy or unhealthy dietary pat-
terns are associated with the risk of the metabolic
syndrome(13) T2D(14), CVD(15) and site-specific cancers(16,17).
However, the interpretation of the results may have been limited
by inclusion of cross-sectional, case–control and retrospective
cohort studies. Retrospective and cross-sectional studies are sub-
ject to recall and selection biases and as a result do not present
reliable evidence. In addition, the strength of the evidence
obtained by published meta-analyses has not been adequately
assessed. Besides studying the association of dietary patternwith

Abbreviations: CRC, colorectal cancer; COPD, chronic obstructive pulmonary disease; SRR, summary relative risk; T2D, type 2 diabetes.

* Corresponding author: Sakineh Shab-Bidar, email s_shabbidar@tums.ac.ir

British Journal of Nutrition (2020), 124, 1133–1144 doi:10.1017/S0007114520002330
© The Author(s), 2020. Published by Cambridge University Press on behalf of The Nutrition Society

https://doi.org/10.1017/S0007114520002330  Published online by Cam
bridge U

niversity Press

mailto:s_shabbidar@tums.ac.ir
https://doi.org/10.1017/S0007114520002330
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S0007114520002330&domain=pdf
https://doi.org/10.1017/S0007114520002330


disease risk, it seems necessary to evaluate the quality of the evi-
dence and determine whether the results of the published meta-
analyses are unbiased.

Umbrella review studies have emerged as an attempt to
present a wide picture of published meta-analyses on a specific
topic(18). Umbrella reviews search and present the results of the
published meta-analyses, assess the methodological quality and
evaluate the quality of the evidence and the accuracy of the esti-
mates obtained by published meta-analyses. Thus, to present a
wide and accurate picture of the association of overall diet qual-
ity with disease risk, we aimed to perform an umbrella review of
publishedmeta-analyses of prospective observational studies on
the association of empirical dietary patterns with the risk of
non-communicable chronic diseases including CVD, T2D, site-
specific cancers and neurological disorders as well as all-cause
and cause-specific mortality. There is no available meta-analysis
of interventional studies on empirical dietary patterns and
disease risk, and therefore, we did not include interventional
studies in this review.

Methods

Systematic search

Two authors (S. S. and A. J.) performed an independent sys-
tematic literature search according to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses: the PRISMA
statement(19). We searched PubMed and Scopus databases up
to September 2019 to find meta-analyses of prospective cohort
studies evaluating the association of empirical dietary patterns
with the risk of non-communicable chronic diseases. The sys-
tematic search was completed by screening of the reference lists
of all relevant reviews and meta-analyses. The set of keywords
used for the systematic search is presented in online
Supplementary Table S1.

Selection of meta-analyses

Inclusion and exclusion criteria were defined according to the
population, intervention/exposure, comparator, outcome and
study design framework (Table 1). For the purpose of the
present umbrella review, we selected published meta-analyses
with the following criteria: (1) meta-analyses of observational
studies that were conducted in the general population aged
18 years or older; (2) assessed dietary intakes by established
dietary assessment tools (e.g. FFQ, diet history, 24 h dietary
recalls and dietary records); (3) reported empirically derived
dietary patterns identified by pattern-based analytic methods
such as factor analysis, principal component analysis, cluster
analysis or reduced rank regression as exposure; (4) considered
the incidence of non-communicable chronic diseases including
T2D, CVD, neurological disorders, total and site-specific cancers
and all-cause and cause-specific mortality as outcome and
(5) reported multivariable adjusted summary risk estimates
and their corresponding 95 % CI. Primary studies, studies with
no summary risk estimate (e.g. narrative reviews and systematic
reviews without meta-analysis) and meta-analyses that only had
one primary prospective cohort study were excluded. If more
than one published meta-analysis on the same association was

identified, we selected the one with the largest number of pri-
mary prospective cohort studies(20,21). In general, the meta-
analysis with the largest number of primary prospective cohort
studies included the same primary studies as meta-analyses
including fewer studies, with one or more additional recent pri-
mary cohort studies. Therefore, we selected the one with the
largest number of primary prospective cohort studies to include
more evidence in this review.

Data extraction

Two authors (A. J. and S. S.) independently extracted the follow-
ing data from eligible meta-analyses: first author’s name, publi-
cation year, exposure, number of primary studies and number of
participants/cases.We also extracted the following data frompri-
mary studies included in each meta-analysis: first author’s name,
number of participants/cases, statistical model used for identify-
ing healthy and unhealthy dietary patterns, dietary factors con-
tributed to identified healthy and unhealthy dietary patterns,
multivariable relative risks that controlled for themaximumnum-
ber of confounders and their 95 % CI, and confounding variables
that were included in that model. Disagreement was resolved by
consensus.

Assessment of methodological quality and quality
of evidence

Two independent authors (A. J. and S. S.) performed quality
assessments. Disagreements were resolved by consensus
between the two authors. To evaluate the methodological
quality of published meta-analyses, we used the validated
AMSTAR tool(22,23). This tool is a useful tool to evaluate the
quality of conduct of each published meta-analysis. The score
ranges from 0 to 11, and accordingly, meta-analyses with
8–11, 4–7 and ≤3 points were considered high, moderate
and low quality, respectively(24). The quality of the evidence
obtained by each published meta-analysis was assessed by
the NutriGrade score(25). For the purpose of the present
review, we used a modified version of this scale(21). This score
considers the following components to evaluate the quality of
the evidence obtained by published meta-analyses: (1) risk of
bias, study quality or study limitations; (2) precision of the esti-
mate; (3) heterogeneity; (4) directness; (5) publication bias;
(6) funding bias; (7) effect size and (8) dose–response

Table 1. Population, intervention/exposure, comparator, outcome, and
study design criteria for inclusion and exclusion of studies

Parameter Criteria

Population Human adults
Intervention/exposure Empirically derived healthy and unhealthy

dietary patterns
Comparator Being at the lowest category of adherence to

healthy or unhealthy dietary patterns
Outcome Non-communicable chronic diseases

including cardiometabolic diseases, site-
specific cancers, all-cause and cause-
specific mortality, etc.

Study design Prospective cohort studies
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association. The score ranges from 0 to 10. Accordingly, the
quality of the evidence was categorised as follows:

• Very low (0–3·99): There is very low confidence in the
effect estimate; meta-evidence is very limited and uncertain.

• Low (4–5·99): There is low confidence in the effect esti-
mate; further research will provide important evidence
on the confidence and likely change the effect estimate.

• Moderate (6–7·99): There is moderate confidence in the
effect estimate; further research could add evidence on
the confidence and may change the effect estimate.

• High (8–10): There is high confidence in the effect esti-
mate, and further research probably will not change the
confidence in the effect estimate.

Statistical analysis

For each outcome, we extracted multivariable relative risks that
controlled for the maximum number of confounders and their
95 % CI from each primary prospective cohort study that was
included in selected meta-analyses. Then, we recalculated sum-
mary relative risk (SRR) and its corresponding 95 % CI by using
the DerSimonian and Laird random-effects model(26). Some of
the published meta-analyses used a fixed-effects model to com-
bine primary relative risks. Thus, this method helps to present
comparable SRR across different outcomes(21). In addition, this
method provided sufficient information for quality assessment
(including τ2, I2 and publication bias).

Some of the primary studies included in selected meta-
analyses reported sex-specific effect sizes only, and in such
cases, some of the included meta-analyses considered these
studies as two separate studies. In such cases, we combined
sex-specific estimates using a fixed-effects model and included
the combined effect size for our analyses.

To recalculate SRR for each meta-analysis, primary studies
with the following criteria were excluded (1) cross-sectional,
case–control and retrospective cohort studies; (2) baseline
cross-sectional evaluations within prospective cohort studies;
(3) studies with unadjusted risk estimates; (4) studies that
were not conducted in the general population such as studies
that were conducted in patients with CVD, cancer or other dis-
eases, studies that assessed dietary patterns during pregnancy
(e.g. studies that evaluated postpartum depression) and studies
that were conducted among heavy athletes (e.g. studies that
assessed fracture risk in cross-country runners); (5) studies that
used index-based dietary patterns as exposure (e.g. considered
healthy eating index as healthy diet) and (6) studies that assessed
the association of specific dietary components with the risk of
chronic disease (e.g. fruits and vegetables or whole grains as
exposure). We excluded primary studies listed under points
1–6 from eachmeta-analysis and then recalculated risk estimates
with the use of a random-effects model. This approach helped to
ensure that all primary studies were conducted in the general
population, used posteriori-defined dietary patterns as exposure
and had prospective observational design. With the use of this
approach, we were able to present comparable SRR across dif-
ferent outcomes. For eachmeta-analysis, we evaluated between-
study heterogeneity by using the I2 statistic and its 95 % CI(27).
Because I2 is dependent on the study size, we also calculated

τ2, which is independent of study size(28). Potential publication
bias was assessed with the use of Egger’s test(29). All analyses
were conducted with STATA software, version 13 (Stata Corp).

Results

We identified 916 records through database searching. We
reviewed titles and abstracts of all retrieved articles, and even-
tually, seventy articles were fully reviewed for eligibility. Of
those, sixteen meta-analyses, reporting eighteen SRR for
healthy dietary patterns and sixteen SRR for unhealthy dietary
patterns obtained from 116 primary prospective cohort stud-
ies with 4 801 734 participants, were considered eligible for
the analyses(30–45). Reasons for excluding studies are pre-
sented in Fig. 1, and a list of studies excluded by full-text
assessing is provided in online Supplementary Table S2.

Characteristics of the studies included in the umbrella
review

The systematic search identified six published meta-analyses for
T2D, four meta-analyses for CHD, colorectal cancer (CRC),
depression and pancreatic cancer, three for stroke and gastric
cancer and two meta-analyses for fracture, metabolic syndrome
and prostate cancer. For other outcomes, only one published
meta-analysis was available. If more than one published meta-
analysis on the same association was identified, we included
the one with the largest number of primary prospective cohort
studies. Included meta-analyses assessed the following
outcomes in their analyses: all-cause and CVD mortality(38),
CHD(37), stroke(42), T2D (healthy pattern)(31), T2D (unhealthy
pattern)(30), fracture(32), depression(40), chronic obstructive
pulmonary disease (COPD)(45), asthma(39), frailty(39), metabolic
syndrome(33), colorectal adenoma(35), lung cancer(43), breast
cancer(44), CRC(34) and prostate, pancreatic and gastric cancers(36).
For lung cancer(43) and frailty(41), there was only one available
meta-analysis that reported SRR for healthy patterns. We did not
find any meta-analysis on the association of unhealthy patterns
and the risk of frailty and lung cancer. The general character-
istics of included meta-analyses for the relation of healthy and
unhealthy dietary patterns and the risks of chronic diseases
are presented in Tables 2 and 3, respectively.

The magnitude and direction of the associations were
similar among meta-analyses with the same outcomes. The
exception was the metabolic syndrome, for which a published
meta-analysis found no significant association in the subgroup
of cohort studies(13), but a more recent meta-analysis with
three new studies found a significant association(33). A list of
meta-analyses excluded by full-text assessing is provided in
online Supplementary Table S2.

Most of the published meta-analyses combined prospective,
cross-sectional and retrospective studies in their analyses. We
identified one published meta-analysis for obesity, hypertension
and endometrial and ovarian cancers (online Supplementary
Table S2) that included only one prospective cohort study in
their analyses. Thus, these meta-analyses were not included in
our review. There were ≥10 primary studies available for the
analyses of T2D, CHD, CRC and breast cancer, 5–9 studies for
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fracture, depression, stroke and all-cause and CVDmortality and
<5 studies for the analyses of COPD, colorectal adenoma,
asthma, frailty, metabolic syndrome, and pancreatic, prostate,
gastric and lung cancers.

All primary studies included in the published meta-analyses
reported multivariable relative risks. Of the 116 primary pro-
spective cohort studies included in the eligible meta-analyses,
95 % (n 110) controlled for age, 76 % (n 88) controlled for
sex, 93 % (n 108) for smoking status, 90 % (n 104) for BMI
and energy intake, 78 % (n 91) for physical activity, 64 % (n 74)
for educational status and 39 % (n 45) for alcohol intake in their
multivariable analyses. Only 49 % (n 57) accounted for family
history of the disease assessed as outcome in that study.

Characteristics of dietary patterns

We reviewed dietary components that contributed to healthy
and unhealthy dietary patterns that were identified in each pri-
mary prospective cohort study. Of the 116 primary prospective
cohort studies included in this review, 109 studies used principal
component analysis or factor analysis, four studies used reduced
rank regression and three studies used cluster analysis to explore
dietary patterns. The most frequent terms used for healthy pat-
terns were healthy (54 %), prudent (28 %) and fruit and vegeta-
bles (12 %). Themost frequent terms used for unhealthy patterns
were unhealthy (45 %),Western (22 %), high fat (8 %), traditional

(6 %), animal pattern (5 %) and sweets and fats (2 %). The most
frequent foods that contributed to healthy dietary patterns in the
116 primary prospective cohort studies were as follows: veg-
etables (83 %, n 96), fruits (73 %, n 85), fish and seafoods
(53 %, n 62), whole grains (40 %, n 46), low-fat dairy products
(22 %, n 26), poultry (22 %, n 26), soya (20 %, n 23), legumes
(18 %, n 21), olive oil (16 %, n 19), nuts and seeds (15 %, n 17)
and beans (9 %, n 10). The most frequent foods that contrib-
uted to unhealthy dietary patterns were red and processed
meat (86 %, n 100); refined grains (49 %, n 57); French fries
(45 %, n 52); high-fat dairy products (33 %, n 38); sweets
(30 %, n 35); desserts (24 %, n 28); egg (21 %, n 24); sugar-
sweetened beverages (16 %, n 19); butter (16 %, n 19); pizza,
poultry and snacks (11 %, n 13); animal fat (10 %, n 12) and
cakes and biscuits (8 %, n 10).

Methodological quality

The overall AMSTAR scores for eachmeta-analysis are presented
in Tables 2 and 3, and detailed scores are presented in online
Supplementary Table S3. All included meta-analyses had a score
of ≥6. Of the sixteen included meta-analyses, thirteen meta-
analyses were conducted with a high-quality approach (≥8
points) and other three ones were performed with a moderate
quality method (6 and 7 points). The main reasons for lower
quality scores were due to the fact that includedmeta-analyses
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Fig. 1. Literature search and study selection process. COPD, chronic obstructive pulmonary disease.
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Table 2. General characteristics of the published meta-analyses of healthy dietary patterns, methodological assessment (AMSTAR) and assessment of quality of the evidence (NutriGrade)

Author (reference), year
Primary

studies (n) Outcome
Participants/
cases (n/n)

Reported in original
meta-analyses

Recalculated in the
present review

P I 2(%)
95%
CI τ 2

Egger’s
P AMSTAR

Nutri-
Grade

Pooled
effect
size 95% CI

Summary
relative
risk 95% CI

Esposito et al.(31), 2014 9 Type 2 diabetes 264 927/8712 0·80 0·74, 0·86 0·81 0·76, 0·86 <0·001 0 0, 65 0·0000 0·74 8 Moderate
Fabiani et al.(32), 2019 5 Fracture 234 889/9701 0·82 0·69, 0·89 0·73 0·59, 0·89 0·003 90 77, 96 0·0319 0·52 8 Moderate
Fabiani et al.(33), 2019 3 Metabolic syndrome 16 152/5735 0·76 0·50, 1·15 0·76 0·50, 1·15 0·19 91 76, 96 0·1215 0·08 8 Low
Garcia-Larsen et al.(34),

2018
13 Colorectal cancer 1 250 918/11 542 0·89 0·84, 0·95 0·88 0·83, 0·94 <0·001 0 0, 58 0·0000 0·39 8 Moderate

Godos et al.(35), 2016 4 Colorectal adenoma 59 318/3642 0·81 0·72, 0·91 0·82 0·73, 0·92 0·001 2 0, 85 0·0003 0·35 8 Low
Grosso et al.(36), 2017 2 Gastric cancer 105 515/877 0·98 0·74, 1·29 0·93 0·66, 1·31 0·68 57 – 0·0342 – 8 Very low
Grosso et al.(36), 2017 3 Prostate cancer 66 131/4156 0·99 0·90, 1·08 0·98 0·90, 1·07 0·70 0 0, 90 0·0000 0·43 8 Very low
Grosso et al.(36), 2017 3 Pancreatic cancer 159 314/622 1·09 0·92, 1·31 1·12 0·69, 1·80 0·66 61 0, 89 0·1094 0·56 8 Very low
Hou et al.(37), 2015 11 CHD 450 433/6298 0·80 0·74, 0·87 0·80 0·73, 0·87 <0·001 3 0, 61 0·0006 0·52 8 Low
Li et al.(38), 2015 7 All-cause mortality 182 434/9465 0·76 0·68, 0·86 0·74 0·64, 0·85 <0·001 60 52, 95 0·0156 0·03 6 Low
Li et al.(38), 2015 6 Cardiovascular

mortality
255 969/10 906 0·81 0·75, 0·87 0·80 0·73, 0·88 <0·001 16 0, 81 0·0019 0·64 6 Low

Lv et al.(39), 2014 2 Asthma 54 152/648 1·01 0·78, 1·31 0·95 0·80, 1·12 0·52 0 – 0·0000 – 8 Very low
Molendijk et al.(40), 2018 5 Depression 82 331/NA 0·77 0·75, 0·87 0·82 0·71, 0·95 0·007 80 59, 90 0·0221 0·37 7 Low
Rashidi Pour Fard

et al.(41), 2019
3 Frailty 6849/179 0·58 0·37, 0·91 0·75 0·47, 1·19 0·22 75 19, 93 0·1197 0·21 8 Very low

Rodríguez-Monforte
et al.(42), 2015

8 Stroke 353 823/3905 0·86 0·74, 1·01 0·86 0·72, 1·02 0·08 70 24, 83 0·0375 0·48 7 Low

Sun et al.(43), 2016 2 Lung cancer 62 615/1604 0·73 0·61, 0·87 0·69 0·54, 0·89 0·004 0 – 0·0000 – 9 Very low
Xiao et al.(44), 2019 17 Breast cancer 785 527/26 309 0·89 0·85, 0·93 0·88 0·84, 0·92 <0·001 0 0, 80 0·0000 0·31 10 Moderate
Zheng et al.(45), 2016 2 Chronic obstructive

pulmonary disease
114 960/865 0·55 0·46, 0·66 0·70 0·52, 0·94 0·02 19 – 0·0155 – 8 Low

NA, not available.
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Table 3. General characteristics of the published meta-analyses of unhealthy dietary patterns, methodological assessment (AMSTAR) and assessment of quality of the evidence (NutriGrade)

Author (reference), year

Primary
studies
(n) Outcome

Participants/
cases (n/n)

Reported in included
meta-analyses

Recalculated in the
present review

P I 2 (%)
95%
CI τ2

Egger’s
P AMSTAR

Nutri-
Grade

Pooled
effect size 95% CI

Summary
relative risk 95% CI

Alhazmi et al.(30), 2014 10 Type 2 diabetes 291 406/19 149 1·44 1·33, 1·57 1·44 1·33, 1·56 <0·001 3 0, 70 0·0006 0·26 9 Moderate
Fabiani et al.(32), 2019 5 Fracture 234 889/9701 1·10 1·06, 1·15 1·24 1·01, 1·52 0·05 94 88, 97 0·0420 0·46 8 Moderate
Fabiani et al.(33), 2019 4 Metabolic syndrome 20 223/6866 1·24 1·08, 1·41 1·29 1·09, 1·52 0·003 49 0, 85 0·0107 0·85 8 Moderate
Garcia-Larsen et al.(34),

2018
13 Colorectal cancer 1 250 918/11 542 1·12 1·01, 1·24 1·08 0·97, 1·20 0·15 55 15, 77 0·0165 0·24 8 Low

Godos et al.(35), 2016 4 Colorectal adenoma 59 318/3642 1·26 1·16, 1·39 1·26 1·12, 1·41 <0·001 0 0, 85 0·000 0·19 8 Low
Grosso et al.(36), 2017 3 Pancreatic cancer 159 314/622 0·81 0·59, 1·12 0·82 0·60, 1·12 0·20 0 0, 90 0·0000 0·16 8 Very low
Grosso et al.(36), 2017 2 Gastric cancer 105 515/877 1·18 0·85, 1·64 1·67 0·69, 4·02 0·25 91 – 0·3676 – 8 Very low
Grosso et al.(36), 2017 3 Prostate cancer 66 131/4156 0·87 0·71, 1·07 0·87 0·70, 1·09 0·24 70 0, 91 0·0257 0·01 8 Very low
Hou et al.(37), 2015 8 CHD 420 673/5783 1·05 0·86, 1·27 1·07 0·87, 1·32 0·49 66 27, 84 0·0545 0·30 8 Low
Li et al.(38), 2015 6 All-cause mortality 177 007/9188 1·07 0·96, 1·20 1·12 1·00, 1·25 0·06 48 0, 74 0·0069 0·47 6 Low
Li et al.(38), 2015 6 Cardiovascular

mortality
255 969/10 906 0·99 0·91, 1·08 1·01 0·89, 1·16 0·83 46 0, 79 0·0115 0·37 6 Low

Lv et al.(39), 2014 2 Asthma 54 152/648 1·04 0·93, 1·16 1·43 0·62, 3·33 0·40 91 – 0·3384 – 8 Very low
Molendijk et al.(40),

2018
5 Depression 72 309/NA 1·06 0·99, 1·13 1·17 1·02, 1·35 0·03 77 45, 91 0·0158 0·28 7 Very low

Rodríguez-Monforte
et al.(42), 2015

8 Stroke 353 823/3905 1·05 0·91, 1·22 1·05 0·89, 1·24 0·55 37 0, 77 0·0202 0·57 7 Low

Xiao et al.(44), 2019 17 Breast cancer 785 527/26 309 1·02 0·96, 1·09 1·02 0·96, 1·10 0·51 35 0, 61 0·0061 0·33 10 Low
Zheng et al.(45), 2016 2 Chronic obstructive

pulmonary disease
114 960/865 2·12 1·64, 2·74 2·29 0·68, 7·73 0·18 86 – 0·6695 – 8 Very low

NA, not available.
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did not provide a list of excluded studies and did not
consider the scientific quality of evidence in preparing their
conclusions and recommendations (online Supplementary
Table S3).

Quality of evidence

Of the thirty-four SRR reported in this review, there was sta-
tistically significant association for 47 % of the associations
(n 16). The quality of the evidence was rated moderate for
21 % of the associations (n 7), low for 44 % of the associations
(n 15) and very low for 35 % of the associations (n 12). All
SRR for which the quality of the evidence was rated moderate
had statistically significant associations. For SSR for which the
quality of the evidence was rated low (n 15), there was signifi-
cant association for eight SSR. For SRR with very low quality of

evidence (n 12), there was only three significant associations.
The overall NutriGrade scores for each meta-analysis are pro-
vided in Tables 2 and 3.

Healthy dietary patterns and chronic disease

For healthy dietary patterns, there was moderate-quality evi-
dence that healthy dietary pattern was associated with a lower
risk of T2D (SRR 0·81, 95 % CI 0·76, 0·86). This was also the
case for fracture, breast cancer and CRC (Table 4). We also
found significant inverse associations for CHD, COPD, colo-
rectal adenoma, depression and all-cause and CVD mortality,
but the quality of the evidence was rated low. Healthy dietary
pattern was not associated with the risk of stroke. For other
outcomes, there were no significant associations, and the
quality of the evidence was rated very low (Table 4).

Table 4. Quality of the evidence for association between healthy dietary patterns and the risk of non-communicable chronic diseases
(Summary relative risks and 95% confidence intervals)

Outcome
Primary

studies (n) Cases (n)
Summary relative risk

(recalculated in this review) 95% CI
Quality of the
evidence (NutriGrade)

Fracture 5 9701 0·75 0·59, 0·89 Moderate
Type 2 diabetes 9 8712 0·81 0·76, 0·86 Moderate
Breast cancer 17 26 309 0·88 0·84, 0·92 Moderate
Colorectal cancer 12 11 452 0·88 0·83, 0·94 Moderate
Chronic obstructive pulmonary disease 2 865 0·70 0·52, 0·95 Low
All-cause mortality 7 9465 0·74 0·64, 0·85 Low
Metabolic syndrome 3 5735 0·76 0·50, 1·15 Low
Cardiovascular mortality 6 10 906 0·80 0·73, 0·88 Low
CHD 10 6298 0·80 0·73, 0·87 Low
Colorectal aqdenoma 4 3642 0·82 0·73, 0·92 Low
Depression 5 NA 0·82 0·71, 0·95 Low
Stroke 8 3905 0·86 0·72, 1·02 Low
Lung cancer 2 1604 0·69 0·54, 0·89 Very low
Frailty 3 179 0·75 0·47, 1·19 Very low
Gastric cancer 2 877 0·93 0·66, 1·31 Very low
Asthma 2 648 0·95 0·80, 1·12 Very low
Prostate cancer 3 4156 0·98 0·90, 1·07 Very low
Pancreatic cancer 3 622 1·12 0·69, 1·80 Very low

NA, not available.

Table 5. Quality of the evidence for association between unhealthy dietary patterns and the risk of non-communicable chronic diseases
(Summary relative risks and 95% confidence intervals)

Outcome
Primary

studies (n) Cases (n)
Summary relative risk

(recalculated in this review) 95% CI
Quality of evidence
(NutriGrade)

Type 2 diabetes 10 19 149 1·44 1·33, 1·56 Moderate
Metabolic syndrome 4 6866 1·29 1·09, 1·52 Moderate
Fracture 5 9701 1·24 1·01, 1·52 Moderate
Colorectal adenoma 4 3462 1·26 1·12, 1·41 Low
All-cause mortality 6 9188 1·12 1·00, 1·25 Low
Colorectal cancer 12 11 452 1·08 0·97, 1·20 Low
CHD 8 6298 1·07 0·87, 1·32 Low
Stroke 8 3905 1·05 0·89, 1·24 Low
Breast cancer 17 26 309 1·02 0·96, 1·10 Low
Cardiovascular mortality 6 10 906 1·01 0·89, 1·16 Low
Depression 5 NA 1·17 1·02, 1·35 Very low
Chronic obstructive pulmonary disease 2 865 2·29 0·68, 7·73 Very low
Gastric cancer 2 877 1·67 0·69, 4·02 Very low
Asthma 2 648 1·43 0·62, 3·33 Very low
Prostate cancer 3 4156 0·87 0·70, 1·09 Very low
Pancreatic cancer 3 622 0·82 0·60, 1·12 Very low

NA, not available.
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Unhealthy dietary patterns and chronic disease

The results for unhealthy dietary patterns are presented in
Table 5. We found moderate-quality evidence that unhealthy
dietary patterns significantly increased the risk of T2D, fracture
and the metabolic syndrome. There were also significant associ-
ations between unhealthy patterns and the risk of colorectal
adenoma, all-cause mortality and depression, but the quality
of the evidence was rated low, low and very low, respectively.
For other outcomes, there were no significant associations.
Detailed NutriGrade scores for each outcome are provided in
online Supplementary Table S4.

Heterogeneity and publication bias

The results for publication bias are presented in Tables 2 and 3.
Therewas evidence of publication bias in the analyses of healthy
dietary pattern and the risk of all-cause mortality and the meta-
bolic syndrome. This was also the case for unhealthy pattern and
prostate cancer. In the analyses of COPD, asthma and gastric and
lung cancers, therewere only two available studies, and thus, we
were unable to test the potential for publication bias. For other
outcomes, there was no evidence of publication bias. There was
low evidence of between-study heterogeneity in the analyses of
healthy diet and the risk of T2D, CRC, CHD, CVD mortality,
asthma and prostate and lung cancers. For unhealthy patterns,
there was low evidence of heterogeneity for T2D, colorectal
adenoma and pancreatic cancer.

Discussion

This umbrella review evaluated the evidence obtained by pub-
lished meta-analyses of prospective cohort studies on the asso-
ciation between empirically derived healthy and unhealthy
dietary patterns and the risk of non-communicable chronic dis-
eases. We foundmoderate-quality evidence for the inverse asso-
ciation between healthy diets and the risk of T2D, fracture and
colorectal and breast cancers. This was also the case for the pos-
itive association of unhealthy dietary patterns with the risk of
T2D, fracture and the metabolic syndrome. There was low-qual-
ity evidence for the inverse association between a healthy diet
and the risk of COPD, CHD, colorectal adenoma, depression
and all-cause and CVD mortality, as well as for a positive asso-
ciation between unhealthy dietary pattern and the risk of colo-
rectal adenoma, and depression. For other outcomes, there
were no significant associations, and the quality of the evidence
was rated low or very low.

Dietary pattern analysis was introduced as a complementary
approach for investigating diet–disease associations(46). There is
convincing evidence that higher or lower intake of several food
groups are associated with the risk of non-communicable
chronic diseases including T2D(4), CVD(2) and mortality(6). This
method accounts for risk-decreasing and risk-increasing dietary
components existed in individual’s diet and therefore presents a
wide overview of the potential effects of individual’s dietary hab-
its on disease risks.

The results demonstrated that vegetables, fruits, fish, whole
grains, low-fat dairy products, poultry, soya, legumes, olive oil,

nuts, beans and seeds are the most frequent constituents of
healthy dietary patterns across the world, respectively. In con-
trast, red and processed meat, French fries, refined grains,
high-fat dairy products, sweets, deserts, egg, sugar-sweetened
beverages, butter, snacks, cakes, biscuits and pizza are the most
frequent constituents of unhealthy dietary patterns, respectively.
According to the current guidelines, healthy eating pattern has
been defined as a diet rich in vegetables, fruits, fish, whole grains
and low-fat dairy products and low in red and processed meat,
refined grains and sugar-sweetened beverages(47,48). Our results
also confirmed current evidence that higher intake of ultra-
processed foods such as sugar-sweetened beverages, sweets,
snacks, processedmeat and desserts are associatedwith a higher
risk of CVD and cancer(49,50).

However, some important issues should be noted. We
included cohort studies that used empirically derived dietary pat-
terns as exposure. Dietary pattern analysis takes interactive and
synergistic effects of dietary components into account.
Therefore, the totality of food groups/nutrients, and not a single
a food or nutrient, is the basis of the pattern. The definition of
healthy and unhealthy dietary patterns, contribution and the
factor loadings of food groups in a given dietary pattern may
differ across primary studies(51). Healthy dietary patterns had
different components with different factor loadings across
primary prospective cohort studies included in each meta-
analysis. In addition, the classification of a particular food or
food group as healthy or unhealthy is not always clear-cut given
that the scientific evidence in the primary studies may disagree
or the evaluation of the findings by different researchers may
differ. For example, dairy products may be considered benefi-
cial for certain populations or in the context of particular dis-
eases but not when evaluated in a different setting.

We evaluated the methodological quality of included meta-
analyses by using a validated AMSTAR tool(22,23). The results indi-
cated that of the sixteen publishedmeta-analyses included in the
present review, thirteen meta-analyses were performed with a
high-quality method (AMSTAR score ≥8) and other three ones
were conducted with moderate quality approaches (AMSTAR
scores 6 and 7). As mentioned earlier, the main reasons for lower
quality scores were due to the fact that included meta-analyses
did not provide a list of excluded studies and did not consider the
scientific quality of the evidence in preparing their conclusions
and recommendations. All meta-analyses assessed the quality of
primary studies included in their analyses, but only two meta-
analyses reported the quality of the evidence in the abstract or
conclusions sections, or considered the quality of primary stud-
ies in the subgroup analyses(30,34).

All meta-analyses included in this review were performed
with high and moderate quality approaches, as assessed by
AMSTAR score. However, the AMSTAR evaluates the quality
of conduct of each published meta-analysis and do not assess
the quality of the evidence. Being at high quality by AMSTAR
score does not reflect the quality of the evidence. Meta-analyses
may be high quality by AMSTAR and may present moderate-,
low- or very low-quality evidence.

Of the sixteen meta-analyses included in this review, eleven
meta-analyses(31–33,35,37,38,41–45) used the Newcastle–Ottawa
Scale(52) to assess the quality of primary studies, one meta-
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analysis used the American Dietetic Association Quality Criteria
Checklist(53), one meta-analysis used the National Institute for
Clinical Excellence methodological checklist for cohort and
case–control studies(34), one published meta-analysis used its
own checklist(40) and one used the standardised critical appraisal
instrument from the JBI Meta-Analysis of Statistics Assessment
and Review Instrument(30). Only one published meta-analysis
assessed the overall quality or strength of the evidence by a
validated tool(35). Grosso et al.(36) performed a comprehensive
systematic review and meta-analysis of observational studies
on the association of posteriori-defined dietary patterns with
total and site-specific cancer risk. They used the modified Joint
World Health Organization–Food and Agriculture Expert Con-
sultation criteria for evidence in nutrition(54) to rate the strength
of the evidence. In the present umbrella review, we used the
NutriGrade score to rate the quality of the evidence(25). This score
is a useful tool to judge the meta-evidence of randomised con-
trolled trials and cohort studies in nutrition research(3,4,6,21,55,56)

and considers nutrition-specific aspects such as dietary assess-
ment methods and diet-associated biomarkers(57).

In this review, there were seventeen and twelve available
primary prospective cohort studies for breast cancer and
CRC, respectively. However, the associations of healthy and
unhealthy dietary patterns with the risk of cancers of other sites
have not been well investigated. There were <5 primary pro-
spective cohort studies available for prostate, lung, gastric
and pancreatic cancers. In addition, one published meta-analy-
sis assessed the association of diet patterns with the risk of renal
cancer(17), but they did not include prospective cohort study in
their analysis. Four published meta-analyses of diet patterns
and obesity(58), endometrial cancer(59), hypertension(60) and ovar-
ian cancer(61) included only one prospective cohort study. There
was also no available prospective cohort study for oral/pharyngeal
cancers(36). This was also the case for COPD and asthma, for
which only two primary prospective cohort studies were avail-
able. Thus, further prospective cohort studies are needed to fully
investigate the association of healthy and unhealthy dietary pat-
terns with site-specific cancer risks.

We found moderate quality of evidence that healthy dietary
patterns decreased the risk of T2D, CRC, fracture and breast
cancer, with relatively sufficient number of studies available
for the analyses. There was also low-quality evidence for the
inverse association of healthy diets with the risk of CHD and
all-cause and CVD mortality. There are several reasonable
explanations which create a link between diet patterns and
chronic diseases risk. There is convincing evidence that dietary
habits can affect cardio-metabolic risk factors including blood
pressure(62,63), lipid profile(64), insulin resistance(65), endothelial
function(66), oxidative stress(67) and systemic inflammation(68).
In addition, a recent meta-analysis of cross-sectional studies sug-
gested that higher adherence to healthy dietary patterns may
decrease the risk of central fatness(69).

Our results indicated that both healthy and unhealthy
dietary patterns were associated with the risk of depression.
It is proposed that dietary habits can affect immune function
and oxidative stress in the brain and thereby are related to
depressive symptoms(56). Chronic systemic inflammation and
mitochondrial dysfunction are the two additional diet-related

biological mechanisms that are implicated in the development
of depression and mental illness(55). However, the interpreta-
tion of the results is limited by the low number of primary stud-
ies included in the analyses, high evidence of between-study
heterogeneity and very low to low quality of the evidence.
Thus, on the basis of the present results, there is no convincing
evidence to relate dietary patterns to depression.

There exists limited evidence regarding the beneficial effect
of dietary interventions, without any additional intervention, on
depressive symptoms(70–72). Althoughmeta-analyses of interven-
tional studies suggested that improving diet quality may improve
depressive symptoms in adults(73,74), in most of original trials,
depressive symptoms were assessed as a secondary outcome,
and many studies have compared the effect of two differing
diets, or involved lifestyle change such as diet, exercise and sleep
combined.

In this umbrella review, we found that healthy diets were
associated with a lower risk of COPD, CRC, CHD, breast cancer
and CVD mortality, but unhealthy diets were not associated
with higher risks. It is proposed that greater adherence to
unhealthy diets may also be accompanied by higher consump-
tion of some healthy foods such as fish and olive oil(75), and
this, at least in part, can attenuate harmful effects of unhealthy
diets. Another possible explanation is that cardioprotective
effects of healthy diets mediated primarily through plant-based
foods are reduced because of greater intakes of meat products
instead of more beneficial plant foods in diet(76). It is also pos-
sible that detrimental effects of unhealthy diets may be medi-
ated partly by increasing the risk of adiposity. A recent meta-
analysis of cross-sectional studies has suggested that higher
adherence to healthy dietary patterns may decrease the risk
of central fatness(69). Another meta-analysis of observational
studies suggested that higher consumption of red and proc-
essed meat, the most frequent food contributed to unheal-
thy/Western dietary patterns, may be correlated with higher
BMI and waist circumference(57). Of the 116 primary prospec-
tive cohort studies included in this umbrella review, 104 studies
(90 %) controlled for BMI in their multivariable analyses. Thus,
adjustment for obesity measures may attenuate harmful effects
of unhealthy diets(44).

We presented original pooled effect sizes that reported in
included meta-analyses to present a comparison between recal-
culated SRR in this review and original pooled effect sizes. The
pooled effect sizes became stronger in the analyses of healthy
and unhealthy dietary patterns and fracture, became non-
significant in the analyses of unhealthy dietary pattern and
CRC and COPD and healthy pattern and frailty and did not
change materially for other associations. The observed differ-
ences were due to the fact that included meta-analyses com-
bined empirically derived and index-based dietary patterns
or combined prospective cohort studies with case–control stud-
ies or with baseline cross-sectional evaluations within prospec-
tive cohort studies and did not perform subgroup analyses on
the basis of study design.

This umbrella review has several strengths. This is the first try,
to our knowledge, that gathered existing evidence obtained by
published meta-analyses of prospective cohort studies on the
association of empirical dietary patterns with the risk of chronic
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disease. We excluded case–control, cross-sectional and retro-
spective cohort studies, studies conducted in patients, studies
with unadjusted risk estimates and studies that did not consider
empirical dietary pattern as exposure. We recalculated SRR with
the use of a random-effects model to present comparable results
across different outcomes. We evaluated the methodological
quality of published meta-analyses by the use of a validated
AMSTAR tool. We also rated the quality of the evidence obtained
by published meta-analyses to help readers make better and
more realistic judgement about potential beneficial or harmful
effects of healthy and unhealthy dietary patterns. In addition,
we described characteristics of healthy and unhealthy dietary
patterns identified in primary prospective cohort studies
which indicated that higher intake of plant-based foods,
low-fat dairy products and fish and lower intake of red and
processed meat, refined grains, sweets, snacks and ultra-
processed foods may be good dietary suggestions for health
promotion. Finally, more than 90 % of the primary prospective
cohort studies included in the present umbrella review con-
sidered age, BMI, smoking status and energy intake in their
multivariable analyses and 78 % controlled for physical activ-
ity. Thus, we were able to show the associations of the overall
diet quality with disease risks, independent of the effects of
traditional confounding variables.

We also were faced with some important limitations which
should be noted, especially for future investigations. First, of
the 116 primary prospective cohort studies, only fifty-seven
studies (49 %) controlled for family history of the disease
assessed in that study. In addition, residual confounding by
unknown variables should be acknowledged. Second, of the
thirty-four SRR reported in this review, <5 primary prospective
cohort studies were available for the analyses of COPD,
colorectal adenoma, asthma, frailty, metabolic syndrome and
pancreatic, prostate, gastric and lung cancers. Only one pro-
spective cohort study was found for hypertension, obesity
and ovarian and endometrial cancers. In addition, there was
no prospective cohort study available for renal and oral/
pharyngeal cancers. Much of the evidence for these outcomes
was obtained from case–control and cross-sectional studies.
Thus, further prospective cohort studies are needed to investi-
gate the potential effects of healthy and unhealthy dietary pat-
terns on the risk of these outcomes. Third, although dietary
patterns analysis presents a total picture of the diet and our
results demonstrated that components of healthy and unheal-
thy dietary patterns were relatively similar across the world;
there are ethnically specific dietary patterns with their own spe-
cific and diverse constituents(77,78). Thus, health outcomes
of these ethnically specific dietary patterns must be more
investigated. Fourth, almost all primary studies included in
eligible meta-analyses assessed baseline dietary intakes and
did not perform repeated dietary assessment during follow-
up period. Fifth, for published meta-analyses with the same
outcomes, we selected and included those with the largest
number of primary prospective studies. However, almost all
included meta-analyses mentioned that they searched the
reference lists of all relevant meta-analyses, and therefore,
it is unlikely that some primary studies have been missed
due to inclusion of meta-analyses with the largest number

of primary studies. Nevertheless, systematic reviews without
meta-analyses were not included in this review, and some pri-
mary studies may have been published after publication of
each meta-analysis. Therefore, some primary prospective
cohort studies may have been missed in this review, and as
a result, some of the results could have been influenced by
missing studies.

Conclusion

This umbrella review evaluated the evidence obtained by
published meta-analyses of prospective cohort studies on the
association of empirical dietary patterns with the risk of non-
communicable chronic diseases and indicated that healthy
dietary patterns may be associated with a lower risk of T2D,
COPD, CHD, fracture, depression and all-cause and CVDmortal-
ity. The associations for site-specific cancer risks have been less
investigated. Exceptions were colorectal and breast cancers, for
which inverse associations were found. More research is needed
for outcomes for which the quality of the evidence was rated
low, such as respiratory disease, mental illness and site-specific
cancers.

Acknowledgements

This research received no specific grant from any funding
agency, commercial or not-for-profit sectors.

A. J. and S. S.-B. conceived and designed the study; A. J. and
S. S. conducted systematic search, screened articles and selected
eligible articles; A. J. and S. S. extracted the information from
eligible studies and performed quality assessments; A. J., and
S. S.-B. performed analyses and interpreted the results; A. J.,
S. S., and A. A. wrote the first draft of the manuscript; S. S.-B. criti-
cally revised the manuscript. S. S.-B. is the guarantor. All authors
have read and approved the final manuscript. All authors had full
access to all the data and take responsibility for the integrity of
the data and the accuracy of the data analysis.

The authors declare that there are no conflicts of interest.

Supplementary material

For supplementary material referred to in this article, please visit
https://doi.org/10.1017/S0007114520002330

References

1. Afshin A, Sur PJ, Fay KA, et al. (2019) Health effects of dietary
risks in 195 countries, 1990–2017: a systematic analysis for the
Global Burden of Disease Study 2017. Lancet 393, 1958–1972.

2. Bechthold A, Boeing H, Schwedhelm C, et al. (2019) Food
groups and risk of coronary heart disease, stroke and heart fail-
ure: a systematic review and dose-response meta-analysis of
prospective studies. Crit Rev Food Sci Nutr 59, 1071–1090.

3. Schwingshackl L, Schwedhelm C, Hoffmann G, et al. (2017)
Food groups and risk of hypertension: a systematic review
and dose-response meta-analysis of prospective studies. Adv
Nutr 8, 793–803.

4. Schwingshackl L, Hoffmann G, Lampousi AM, et al. (2017)
Food groups and risk of type 2 diabetes mellitus: a systematic

1142 A. Jayedi et al.

https://doi.org/10.1017/S0007114520002330  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520002330
https://doi.org/10.1017/S0007114520002330


review and meta-analysis of prospective studies. Eur J
Epidemiol 32, 363–375.

5. World Cancer Research Fund & American Institute for Cancer
Research (2018) Diet, nutrition, physical activity and cancer:
a global perspective. Continuous Update Project Expert
Report. https://www.wcrf.org/dietandcancer.

6. Schwingshackl L, Schwedhelm C, Hoffmann G, et al. (2017)
Food groups and risk of all-cause mortality: a systematic review
and meta-analysis of prospective studies. Am J Clin Nutr 105,
1462–1473.

7. SchwerinHS, Stanton JL, Riley AM, et al. (1981) Food eating pat-
terns and health: a reexamination of the Ten-State and HANES I
surveys. Am J Clin Nutr 34, 568–580.

8. Schwerin HS, Stanton JL, Smith JL, et al. (1982) Food, eating
habits, and health: a further examination of the relationship
between food eating patterns and nutritional health. Am J
Clin Nutr 35, 1319–1325.

9. Slattery ML, Boucher KM, Caan BJ, et al. (1998) Eating patterns
and risk of colon cancer. Am J Epidemiol 148, 4–16.

10. Wirfält AE & Jeffery RW (1997) Using cluster analysis to exam-
ine dietary patterns: nutrient intakes, gender, and weight status
differ across food pattern clusters. J AmDiet Assoc 97, 272–279.

11. Hu FB (2002) Dietary pattern analysis: a new direction in nutri-
tional epidemiology. Curr Opin Lipidol 13, 3–9.

12. Sacks FM, Obarzanek E, Windhauser MM, et al. (1995)
Rationale and design of the Dietary Approaches to Stop
Hypertension trial (DASH): a multicenter controlled-feeding
study of dietary patterns to lower blood pressure. Ann
Epidemiol 5, 108–118.

13. Shab-Bidar S, Golzarand M, Hajimohammadi M, et al. (2018) A
posteriori dietary patterns and metabolic syndrome in adults: a
systematic review and meta-analysis of observational studies.
Public Health Nutr 21, 1681–1692.

14. Maghsoudi Z, Ghiasvand R & Salehi-Abargouei A (2016)
Empirically derived dietary patterns and incident type 2 diabetes
mellitus: a systematic review and meta-analysis on prospective
observational studies. Public Health Nutr 19, 230–241.

15. Zhang X-Y, Shu L, Si C-J, et al. (2015) Dietary patterns, alcohol
consumption and risk of coronary heart disease in adults: a
meta-analysis. Nutrients 7, 6582–6605.

16. Alizadeh S, Djafarian K, AlizadehM, et al. (2020) The relation of
healthy and Western dietary patterns to the risk of endometrial
and ovarian cancers: a systematic review andmeta-analysis. Int
J Vitam Nutr Res 90, 365–375.

17. Alizadeh S, Shab-Bidar S, Mohtavinejad N, et al. (2017) A pos-
teriori dietary patterns and risk of pancreatic and renal cancers:
a systematic review and meta-analysis. Nutr Food Sci 47,
839–868.

18. Aromataris E, Fernandez R, Godfrey CM, et al. (2015)
Summarizing systematic reviews: methodological develop-
ment, conduct and reporting of an umbrella review approach.
Int J Evid Based Healthc 13, 132–140.

19. Moher D, Liberati A, Tetzlaff J, et al. (2009) Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. Ann Intern Med 151, 264–269.

20. Jayedi A& Shab-Bidar S (2020) Fish consumption and the risk of
chronic disease: an umbrella review of meta-analyses of pro-
spective cohort studies. Adv Nutr, nmaa029.

21. Neuenschwander M, Ballon A, Weber KS, et al. (2019) Role of
diet in type 2 diabetes incidence: umbrella review of meta-
analyses of prospective observational studies. BMJ 366, l2368.

22. Shea BJ, Grimshaw JM, Wells GA, et al. (2007) Development of
AMSTAR: a measurement tool to assess the methodological
quality of systematic reviews. BMC Med Res Method 7, 10.

23. Shea BJ, Hamel C, Wells GA, et al. (2009) AMSTAR is a
reliable and valid measurement tool to assess the

methodological quality of systematic reviews. J Clin
Epidemiol 62, 1013–1020.

24. Sharif MO, Janjua-Sharif F, Ali H, et al. (2013) Systematic
reviews explained: AMSTAR-how to tell the good from the
bad and the ugly. Oral Health Dent Manag 12, 9–16.

25. Schwingshackl L, Knüppel S, Schwedhelm C, et al. (2016)
Perspective: NutriGrade: a scoring system to assess and judge
the meta-evidence of randomized controlled trials and cohort
studies in nutrition research. Adv Nutr 7, 994–1004.

26. DerSimonian R & Laird N (1986) Meta-analysis in clinical trials.
Control Clin Trials 7, 177–188.

27. Higgins JP, Thompson SG, Deeks JJ, et al. (2003) Measuring
inconsistency in meta-analyses. BMJ 327, 557–560.

28. Riley RD, Higgins JP &Deeks JJ (2011) Interpretation of random
effects meta-analyses. BMJ 342, d549.

29. Egger M, Smith GD, Schneider M, et al. (1997) Bias in meta-
analysis detected by a simple, graphical test.BMJ 315, 629–634.

30. Alhazmi A, Stojanovski E, McEvoy M, et al. (2014) The associ-
ation between dietary patterns and type 2 diabetes: a systematic
review andmeta-analysis of cohort studies. J HumNutr Diet27,
251–260.

31. Esposito K, Chiodini P, Maiorino MI, et al. (2014)Which diet for
prevention of type 2 diabetes? A meta-analysis of prospective
studies. Endocrine 47, 107–116.

32. Fabiani R, Naldini G & Chiavarini M (2019) Dietary patterns in
relation to low bonemineral density and fracture risk: a system-
atic review and meta-analysis. Adv Nutr 10, 219–236.

33. Fabiani R, Naldini G & Chiavarini M (2019) Dietary patterns and
metabolic syndrome in adult subjects: a systematic review and
meta-analysis. Nutrients 11, 2056–2092.

34. Garcia-Larsen V, Morton V, Norat T, et al. (2019) Dietary pat-
terns derived fromprincipal component analysis (PCA) and risk
of colorectal cancer: a systematic review andmeta-analysis. Eur
J Clin Nutr 73, 366–386.

35. Godos J, Bella F, Torrisi A, et al. (2016) Dietary patterns and risk
of colorectal adenoma: a systematic review and meta-analysis
of observational studies. J Hum Nutr Diet 29, 757–767.

36. Grosso G, Bella F, Godos J, et al. (2017) Possible role of diet in
cancer: systematic review andmultiplemeta-analyses of dietary
patterns, lifestyle factors, and cancer risk.Nutr Rev75, 405–419.

37. Hou L, Li F, Wang Y, et al. (2015) Association between dietary
patterns and coronary heart disease: a meta-analysis of pro-
spective cohort studies. Int J Clin Exp Med 8, 781–790.

38. Li F, Hou LN, Chen W, et al. (2015) Associations of dietary
patterns with the risk of all-cause, CVD and stroke mortality:
a meta-analysis of prospective cohort studies. Br J Nutr 113,
16–24.

39. Lv N, Xiao L & Ma J (2014) Dietary pattern and asthma: a sys-
tematic review and meta-analysis. J Asthma Allergy 7, 105–121.

40. Molendijk M, Molero P, Ortuno Sanchez-Pedreno F, et al.
(2018) Diet quality and depression risk: a systematic review
and dose-response meta-analysis of prospective studies. J
Affect Disord 226, 346–354.

41. Rashidi Pour Fard N, Amirabdollahian F & Haghighatdoost F
(2019) Dietary patterns and frailty: a systematic review and
meta-analysis. Nutr Rev 77, 498–513.

42. Rodriguez-Monforte M, Flores-Mateo G & Sanchez E (2015)
Dietary patterns and CVD: a systematic review and meta-
analysis of observational studies. Br J Nutr 114, 1341–1359.

43. Sun Y, Li Z, Li J, et al. (2016) A healthy dietary pattern reduces
lung cancer risk: a systematic review and meta-analysis.
Nutrients 8, 134–134.

44. Xiao Y, Xia J, Li L, et al. (2019) Associations between dietary
patterns and the risk of breast cancer: a systematic review
and meta-analysis of observational studies. Breast Cancer
Res 21, 16.

Dietary patterns and chronic disease 1143

https://doi.org/10.1017/S0007114520002330  Published online by Cam
bridge U

niversity Press

https://www.wcrf.org/dietandcancer
https://doi.org/10.1017/S0007114520002330


45. Zheng PF, Shu L, Si CJ, et al. (2016) Dietary patterns and chronic
obstructive pulmonary disease: a meta-analysis. COPD 13,
515–522.

46. Slattery ML (2010) Analysis of dietary patterns in epidemiologi-
cal research. Appl Physiol Nutr Metab 35, 207–210.

47. Dietary Guidelines Advisory Committee (2015) Scientific
Report of the 2015 Dietary Guidelines Advisory Committee:
Advisory Report to the Secretary of Health and Human
Services and the Secretary of Agriculture. Washington, DC:
US Department of Agriculture, Agricultural Research Service.

48. Department of Health Committee on Medical Aspects of Food
Policy (1994) Nutritional Aspects of Cardiovascular Disease.
London: HM Stationery Office.

49. Fiolet T, Srour B, Sellem L, et al. (2018) Consumption of ultra-
processed foods and cancer risk: results from NutriNet-Santé
prospective cohort. BMJ 360, k322.

50. Srour B, Fezeu LK, Kesse-Guyot E, et al. (2019) Ultra-processed
food intake and risk of cardiovascular disease: prospective
cohort study (NutriNet-Santé). BMJ 365, l1451.

51. Salari-Moghaddam A, Larijani B & Esmaillzadeh A (2020)
Combining population-specific dietary patterns in meta-analy-
ses: true or false? Adv Nutr 11, 463–463.

52. Stang A (2010) Critical evaluation of the Newcastle–Ottawa
scale for the assessment of the quality of nonrandomized stud-
ies in meta-analyses. Eur J Epidemiol 25, 603–605.

53. Academy of Nutrition and Dietetics (2012) Evidence Analysis
Manual: Steps in the Academy Evidence Analysis Process.
Chicago, IL: Academy of Nutrition and Dietetics.

54. Joint WHO/FAO Expert Consultation (2003) Diet, nutrition and
the prevention of chronic diseases. World Health Organ Tech
Rep Ser 916, 1–160.

55. Galbete C & Schwingshackl L (2018) Evaluating Mediterranean
diet and risk of chronic disease in cohort studies: an umbrella
review of meta-analyses. Eur J Epidemiol 33, 909–931.

56. Schwingshackl L, Hoffmann G, Missbach B, et al. (2017) An
umbrella review of nuts intake and risk of cardiovascular dis-
ease. Curr Pharm Des 23, 1016–1027.

57. Schwingshackl L, Knüppel S, SchwedhelmC, et al. (2017) Reply
to JJ Meerpohl et al. Adv Nutr 8, 790–791.

58. Mu M, Xu L-F, Hu D, et al. (2017) Dietary patterns and over-
weight/obesity: a review article. Iran J Public Health 46,
869–876.

59. Si C-J, Shu L, Zheng P-F, et al. (2017) Dietary patterns and
endometrial cancer: a meta-analysis. Eur J Cancer Prev 26,
336–345.

60. Wang C-J, Shen Y-X & Liu Y (2016) Empirically derived dietary
patterns and hypertension likelihood: a meta-analysis. Kidney
Blood Press Res 41, 570–581.

61. Wang H-F, Yao A-L, Sun Y-Y, et al. (2018) Empirically derived
dietary patterns and ovarian cancer risk: a meta-analysis. Eur J
Cancer Prev 27, 493–501.

62. Hojhabrimanesh A, Akhlaghi M, Rahmani E, et al. (2017) A
Western dietary pattern is associated with higher blood pres-
sure in Iranian adolescents. Eur J Nutr 56, 399–408.

63. Ndanuko RN, Tapsell LC, Charlton KE, et al. (2016) Dietary pat-
terns and blood pressure in adults: a systematic review and
meta-analysis of randomized controlled trials. Adv Nutr 7,
76–89.

64. Shridhar K, Satija A, Dhillon PK, et al. (2018) Association
between empirically derived dietary patterns with blood lipids,
fasting blood glucose and blood pressure in adults – the India
migration study. Nutr J 17, 15.

65. Esmaillzadeh A, Kimiagar M, Mehrabi Y, et al. (2007) Dietary
patterns, insulin resistance, and prevalence of the metabolic
syndrome in women. Am J Clin Nutr 85, 910–918.

66. Sijtsma FP, Meyer KA, Steffen LM, et al. (2014) Diet quality and
markers of endothelial function: the CARDIA study. Nutr Metab
Cardiovasc Dis 24, 632–638.

67. Mirmiran P, Hadavi H, Mottaghi A, et al. (2018) Effect of dietary
patterns on oxidative stress in patients with metabolic syn-
drome: Tehran Lipid and Glucose Study. Caspian J Intern
Med 9, 376.

68. Silveira BKS, Oliveira TMS, Andrade PA, et al. (2018) Dietary
pattern and macronutrients profile on the variation of inflam-
matory biomarkers: Scientific Update. Cardiol Res Pract
2018, 4762575.

69. Rezagholizadeh F, Djafarian K, Khosravi S, et al. (2017) A pos-
teriori healthy dietary patterns may decrease the risk of central
obesity: findings from a systematic review and meta-analysis.
Nutr Res 41, 1–13.

70. Francis HM, Stevenson RJ, Chambers JR, et al. (2019) A brief diet
intervention can reduce symptoms of depression in young
adults – a randomised controlled trial. PLOS ONE 14, e0222768.

71. Jacka FN, O’Neil A, Opie R, et al. (2017) A randomised con-
trolled trial of dietary improvement for adults with major
depression (the ‘SMILES’ trial). BMC Med 15, 23.

72. McMillan L, Owen L, Kras M, et al. (2011) Behavioural effects
of a 10-day Mediterranean diet. Results from a pilot study
evaluating mood and cognitive performance. Appetite 56,
143–147.

73. Firth J, Marx W, Dash S, et al. (2019) The effects of dietary
improvement on symptoms of depression and anxiety: a meta-
analysis of randomized controlled trials. Psychosom Med 81, 265.

74. Opie RS, O’Neil A, Itsiopoulos C, et al. (2015) The impact of
whole-of-diet interventions on depression and anxiety: a sys-
tematic review of randomised controlled trials. Public Health
Nutr 18, 2074–2093.

75. Zazpe I, Sanchez-Tainta A, Toledo E, et al. (2014) Dietary pat-
terns and total mortality in a Mediterranean cohort: the SUN
project. J Acad Nutr Diet 114, 37–47.

76. Trichopoulos D & Lagiou P (2001) Dietary patterns and mortal-
ity. Br J Nutr 85, 133–134.

77. Nettleton JA, Steffen LM, Mayer-Davis EJ, et al. (2006) Dietary
patterns are associated with biochemical markers of inflamma-
tion and endothelial activation in the Multi-Ethnic Study of
Atherosclerosis (MESA). Am J Clin Nutr 83, 1369–1379.

78. Tucker KL (2010) Dietary patterns, approaches, and multicul-
tural perspective. Appl Physiol Nutr Metab 35, 211–218.

1144 A. Jayedi et al.

https://doi.org/10.1017/S0007114520002330  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520002330

	Healthy and unhealthy dietary patterns and the risk of chronic disease: an umbrella review of meta-analyses of prospective cohort studies
	Methods
	Systematic search
	Selection of meta-analyses
	Data extraction
	Assessment of methodological quality and quality of evidence
	Statistical analysis

	Results
	Characteristics of the studies included in the umbrella review
	Characteristics of dietary patterns
	Methodological quality
	Quality of evidence
	Healthy dietary patterns and chronic disease
	Unhealthy dietary patterns and chronic disease
	Heterogeneity and publication bias

	Discussion
	Conclusion

	Acknowledgements
	Supplementary material
	References


