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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 risk was recalculated by using a random-effects model. Sixteen meta-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. There was 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™”. Accordingly, high Na intake and low intake of whole
grains and fruits are the main worldwide dietary risk factors®.
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®%,
type 2 diabetes (T2D), total and site-specific cancers® and
mortality®.

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”’~'9’. Dietary pattern analysis
takes interactive and synergistic effects of dietary components
into account'? and accounts for cumulative effects of risk-
increasing and/or risk-decreasing dietary components''?. 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® T2DU CcvD!> and site-specific cancers1®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 pattern with

Abbreviations: CRC, colorectal cancer; COPD, chronic obstructive pulmonary disease; SRR, summary relative risk; T2D, type 2 diabetes.
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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™. 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
published meta-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!”. 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

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

identified, we selected the one with the largest number of pri-
mary prospective cohort studies®?P. 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 from pri-
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 the maximum num-
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?>?_ 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®”. The quality of the evidence
obtained by each published meta-analysis was assessed by
the NutriGrade score®. For the purpose of the present
review, we used a modified version of this scale®". 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
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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®”. 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". In addition, this
method provided sufficient information for quality assessment
(including 7%, P 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 each meta-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 each meta-analysis, we evaluated between-
study heterogeneity by using the 7 statistic and its 95 % CI?7.
Because P is dependent on the study size, we also calculated

72, which is independent of study size®®. Potential publication
bias was assessed with the use of Egger’s test?”. 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®'~4, 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 (CRO),
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®®,
CHD®?, stroke?, T2D (healthy pattern)®”, T2D (unhealthy
pattern)®® fracture®?, depression™®?, chronic obstructive
pulmonary disease (COPD)“?, asthma®”, frailty®®, metabolic
(43)

syndrome®® colorectal adenoma®®, lung cancer breast

cancer® CRC®¥ and prostate, pancreatic and gastric cancers®®,
For lung cancer™ and frailty?, 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"'?, but a more recent meta-analysis with
three new studies found a significant association®®. 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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Fig. 1. Literature search and study selection process. COPD, chronic obstructive pulmonary disease.

fracture, depression, stroke and all-cause and CVD mortality 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% (1 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 % (» 45) for alcohol intake in their
multivariable analyses. Only 49 % (2 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 %). The most 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 0il (16 %, 7 19), nuts and seeds (15 %, 712 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 %, 7z 13); animal fat (10 %, n 12) and
cakes and biscuits (8 %, n 10).

Methodological quality

The overall AMSTAR scores for each meta-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 included meta-analyses
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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)

Reported in original
meta-analyses

Recalculated in the

present review

Pooled Summary
Primary Participants/ effect relative 95 % Egger’s Nutri-

Author (reference), year studies (n) Outcome cases (n/n) size 95 % Cl risk 95 % ClI P 12(%) Cl 72 P AMSTAR  Grade
Esposito et al.®!), 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 00000 074 8 Moderate
Fabiani et al.®?), 2019 5 Fracture 234 889/9701  0-82 0-69, 0-89 073 0-59, 0-89 0-003 90 77,96 0-0319 052 8 Moderate
Fabiani et al.®®, 2019 3 Metabolic syndrome 16 152/5735 076  0-50, 1-15 0-76 050, 1-15 0-19 91 76,96 0-1215 0-08 8 Low
Garcia-Larsen et al.®¥, 13 Colorectal cancer 1250918/11542 0-89 0-84,0-95 0-88 0-83,0:94 <0-001 0 0, 58 0-0000 0-39 8 Moderate

2018
Godos et al.®¥, 2016 4 Colorectal adenoma 59 318/3642 081 0-72, 0:91 0-82 073, 0-92 0-001 2 0,85 0-0003 035 8 Low
Grosso et al.®®), 2017 2 Gastric cancer 105 515/877 098 074, 1-29 093 0-66, 1-31 0-68 57 - 00342 - 8 Very low
Grosso et al.®®, 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.®®, 2017 3 Pancreatic cancer 159 314/622 1.09 092, 1.31 1.12 0-69, 1-80 0-66 61 0,89 0-1094 0-56 8 Very low
Hou et al.®"), 2015 11 CHD 450 433/6298 0-80 0-74,0-87 0-80 073,087 <0-001 3 0,61 00006 0-52 8 Low
Li et al®®, 2015 7 All-cause mortality 182 434/9465 076 0-68, 0-86 0-74 0-64,0-85 <0-001 60 52,95 00156  0-03 6 Low
Li et al.®®), 2015 6 Cardiovascular 255969/10 906 0-81 0-75, 0-87 0-80 0-73,0-88 <0-001 16 0,81 00019 064 6 Low

mortality

Lv et al®, 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.*%), 2018 5 Depression 82 331/NA 077 0-75,0-87 0-82 0-71, 0-95 0-007 80 59,90 0.0221  0-37 7 Low
Rashidi Pour Fard 3 Frailty 6849/179 058 0-37, 091 075 047,119 0-22 75 19,93 01197 0-21 8 Very low

et al.®), 2019
Rodriguez-Monforte 8 Stroke 353 823/3905 0-86 0-74, 1-01 0-86 072, 1-02 0-08 70 24,83 0-0375 048 7 Low

et al.*?d 2015
Sun et al.*?), 2016 2 Lung cancer 62 615/1604 073 0-61,0-87 0-69 0-54, 0-89 0-004 0 - 0-0000 - 9 Very low
Xiao et al.*¥, 2019 17 Breast cancer 785 527/26 309 0-89 0-85, 0-93 0-88 0-84,092  <0-001 0 0,80 0-0000 0-31 10 Moderate
Zheng et al.*%, 2016 2 Chronic obstructive 114 960/865 0-55 0-46, 0-66 0-70 0-52, 0-94 0-02 19 - 00155 - 8 Low

pulmonary disease

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)
Reported in included Recalculated in the
’ meta-analyses present review
Primary
studies Participants/ Pooled Summary 95 % Egger's Nutri-
Author (reference), year (n) Outcome cases (n/n) effect size 95 % ClI relative risk 95 % Cl P 12 (%) (¢]] 72 P AMSTAR  Grade
Alhazmi et al.®®, 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.®?), 2019 5 Fracture 234 889/9701 110 1.06, 1-15 1.24 1.01,1.52  0-05 94 88,97 0-0420 0-46 8 Moderate
Fabiani et al.®3), 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.®¥, 13 Colorectal cancer 1250 918/11 542 1.12 1.01, 1.24 1.08 097,120 0-15 55 15,77 00165 0-24 8 Low
2018
Godos et al.®®, 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.®®) 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.®®), 2017 2 Gastric cancer 105 515/877 1.18 0-85, 1-64 1.67 0-69, 402 025 91 - 03676 - 8 Very low
Grosso et al.®®), 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 b
Hou et al.®"), 2015 8 CHD 420 673/5783 1.05 0-86, 1-27 1.07 087,132 049 66 27,84 00545 0-30 8 Low —
Li et al.®®), 2015 6 All-cause mortality 177 007/9188 1.07 0-96, 1-20 112 1.00, 125 0-06 48 0,74 00069 047 6 Low %:
Li et al.®®), 2015 6 Cardiovascular 255 969/10 906 0-99 091, 1-08 1.01 089,116 083 46 0,79 00115 037 6 Low a
mortality Q
Lv et al®9, 2014 2 Asthma 54 152/648 1.04 093, 1-16 1.43 0-62,3-33 040 91 - 0-3384 - 8 Very low
Molendijk et al.4o), 5 Depression 72 309/NA 1.06 0-99, 1-13 117 1.02,1.35 0-03 77 45,91 0.0158 0-28 7 Very low '
2018
Rodriguez-Monforte 8 Stroke 353 823/3905 1.05 091, 1.22 1.05 089,124 055 37 0,77 00202 057 7 Low
etal®?, 2015
Xiao et al.*¥, 2019 17 Breast cancer 785 527/26 309 1.02 0-96, 1-09 1.02 096,110 0-51 35 0,61 00061 0-33 10 Low
Zheng et al.*®, 2016 2 Chronic obstructive 114 960/865 2.12 1.64, 2.74 2.29 068,773 018 86 - 06695 - 8 Very low

pulmonary disease

NA, not available.

ssald Aussanun abpuqued Ag auljuo paysiiqnd 0£€Z0002St L LL000S/LL0L 0L/Bi0"10p//:sdny


https://doi.org/10.1017/S0007114520002330

o

British Journal of Nutrition

Dietary patterns and chronic disease

1139

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)

Primary Summary relative risk Quality of the

Outcome studies (n) Cases (n) (recalculated in this review) 95% ClI 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 0-80 073, 0-87 Low
Colorectal agdenoma 4 3642 0-82 0-73, 0-92 Low
Depression 5 NA 0-82 0-71, 0-95 Low

Stroke 8 3905 0-86 072, 1.02 Low

Lung cancer 2 1604 0-69 0-54, 0-89 Very low
Frailty 3 179 0-75 047,119  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 3 622 112 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)

Primary Summary relative risk Quality of evidence

Outcome studies (n) Cases (n) (recalculated in this review) 95 % Cl (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 1.26 112, 1.41 Low
All-cause mortality 6 9188 112 1.00,1-.25 Low
Colorectal cancer 12 11 452 1-08 097,120 Low

CHD 8 6298 1.07 087,132  Low

Stroke 8 3905 1.05 089, 124  Low

Breast cancer 17 26 309 1-02 096,110 Low
Cardiovascular mortality 6 10 906 1.01 0-89,1.-16  Low
Depression 5 NA 117 1.02,1-35 Very low
Chronic obstructive pulmonary disease 2 865 2:29 0-68, 773  Very low
Gastric cancer 2 877 1-67 069, 402 Very low
Asthma 2 648 143 0-62, 3-33  Very low
Prostate cancer 3 4156 0-87 0-70,1.09  Very low
Pancreatic cancer 3 622 0-82 060, 1-12  Very low

NA, not available.

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
(7 16). The quality of the evidence was rated moderate for
21 % of the associations (72 7), low for 44 % of the associations
(n 15) and very low for 35% of the associations (72 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 (7 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).
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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.
There was 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, there were 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 found moderate-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*?. 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®, CVD® and mortality®. 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,

s@49 Our results

refined grains and sugar-sweetened beverage
also confirmed current evidence that higher intake of ultra-
processed foods such as sugar-sweetened beverages, sweets,
snacks, processed meat and desserts are associated with a higher
risk of CVD and cancer®»,

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®?. 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®>?®. The results indi-
cated that of the sixteen published meta-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®3%,

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!-33:3537.3841-45  y15ed the Newcastle-Ottawa
Scale®? to assess the quality of primary studies, one meta-
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analysis used the American Dietetic Association Quality Criteria
Checklist®®, one meta-analysis used the National Institute for
Clinical Excellence methodological checklist for cohort and
case—control studies®”, one published meta-analysis used its
own checklist“? and one used the standardised critical appraisal
instrument from the JBI Meta-Analysis of Statistics Assessment
and Review Instrument®®”. Only one published meta-analysis
assessed the overall quality or strength of the evidence by a
validated tool®®. Grosso et al.®® 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®* to rate the strength
of the evidence. In the present umbrella review, we used the
NutriGrade score to rate the quality of the evidence®. This score
is a useful tool to judge the meta-evidence of randomised con-
trolled trials and cohort studies in nutrition research®#6:21,5550)
and considers nutrition-specific aspects such as dietary assess-
ment methods and diet-associated biomarkers®?”.

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’”, but they did not include prospective cohort study in
their analysis. Four published meta-analyses of diet patterns
and obesity®, endometrial cancer®, hypertension® and ovar-
ian cancer® included only one prospective cohort study. There
was also no available prospective cohort study for oral/pharyngeal
cancers®®. 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©23 lipid profile®?, insulin resistance®®, endothelial
(66) 3)

, oxidative stress®” and systemic inflammation©
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®.

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®®. Chronic systemic inflaimmation and

mitochondrial dysfunction are the two additional diet-related

function

biological mechanisms that are implicated in the development
of depression and mental illness®>. 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®72. Although meta-analyses of interven-
tional studies suggested that improving diet quality may improve
depressive symptoms in adults”>7®, 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 0il7>, 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”®. 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®®. 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®”. 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“?®.

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””’®. 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 CVD mortal-
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.
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