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ABSTRACT

We aimed to present a comprehensive review of published meta-analyses of prospective cohort studies on the association of fish consumption
and the risk of chronic disease. A systematic search was undertaken in Pubmed and Scopus to October 2019 to find meta-analyses of observational
studies evaluating the association of fish consumption and the risk of chronic disease. Retrospective and cross-sectional studies and studies with
unadjusted risk estimates were excluded. The summary relative risk (SRR) for each meta-analysis was recalculated by using a random-effects
model. The methodological quality of included meta-analyses and the quality of the evidence were assessed by the AMSTAR and NutriGrade tools,
respectively. A total of 34 meta-analyses of prospective observational studies, reporting SRRs for 40 different outcomes obtained from 298 primary
prospective cohort studies, were included. Moderate-quality evidence suggested that each 100-g/d increment in fish consumption was associated
with a lower risk of all-cause mortality (SRR: 0.92; 95% CI: 0.87, 0.97), cardiovascular mortality (SRR: 0.75; 95% CI: 0.65, 0.87), coronary heart disease
(SRR: 0.88; 95% CI: 0.79, 0.99), myocardial infarction (SRR: 0.75; 95% CI: 0.65, 0.93), stroke (SRR: 0.86; 95% CI: 0.75, 0.99), heart failure (SRR: 0.80; 95% CI:
0.67, 0.95), depression (SRR: 0.88; 95% CI: 0.79, 0.98), and liver cancer (SRR: 0.65; 95% CI: 0.48, 0.87). For cancers of most sites, there was no significant
association and the quality of the evidence was rated low and very low. In conclusion, evidence of moderate quality suggests that fish consumption
is associated with a lower risk of cardiovascular disease, depression, and mortality and, therefore, can be considered as a healthy animal-based dietary
source of protein. Further research is needed for outcomes for which the quality of the evidence was rated low and very low, considering types of
fish consumed, different methods of cooking fish, and all potential confounding variables. Adv Nutr 2020;11:1123–1133.
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Introduction
The association of fish consumption with the risk of
cardiovascular disease (CVD) has been well investigated.
Fish are the main dietary sources of the long-chain omega-3
PUFAs (1) EPA (20:5n–3) and DHA (22:6n–3), and thereby
have been recognized as one of the best cardioprotective food
groups. Results from interventional studies have indicated
that dietary interventions to increase fish consumption (2),
or supplementation with ω-3 fatty acids (3–5), can result in
favorable effects on cardiometabolic risk factors including
high blood pressure, inflammation, oxidative stress, and
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endothelial dysfunction. In addition, ω-3 fatty acids have
anti-inflammatory (6) and immune-modulatory properties
(7) and, as a result, may have anticarcinogenic effects (8).

Considering the aforementioned evidence, several meta-
analyses of observational studies have been performed to
investigate the association of fish consumption and the
risk of chronic diseases including coronary heart disease
(CHD) (9), heart failure (10), hypertension (11), stroke (12),
type 2 diabetes (T2D) (13), and cancers at different sites
(14–16). However, the strength of the evidence presented
by the published meta-analyses has been less addressed.
In addition, the interpretation of the results, especially
for site-specific cancers, may have been limited by the
inclusion of retrospective observational studies and studies
with high risk of bias, such as studies with unadjusted effect
sizes.

Umbrella reviews have increasingly been used to sum-
marize the evidence presented by published meta-analyses
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on a specific topic (17, 18). With the use of this approach,
investigators can assess the methodological quality of pub-
lished meta-analyses, evaluate the quality of the evidence
and the accuracy of the estimates, and thereby present
a balanced and comprehensive overview of a specific
topic. Thus, we aimed to perform an umbrella review
of published meta-analyses of prospective cohort studies
evaluating the association of fish consumption with the risk
of any chronic disease including cardiometabolic disease,
site-specific cancers, neurological disorders, all-cause and
cause-specific mortality, and any other outcome, for which
≥1 published meta-analysis of prospective cohort studies was
available.

Methods
Systematic search
Eligible meta-analyses were identified by both authors
(AJ and SS-B) who performed independent searches in
PubMed and Scopus up to October 2019. The following
set of keywords was used to find potential eligible meta-
analyses: [Fish AND (review OR “systematic review” OR
meta-analysis)]. The literature search was supplemented by
screening the reference lists of all relevant reviews and
meta-analyses.

Selection of meta-analyses
For the purpose of the present umbrella review, meta-
analyses with the following criteria were considered eligible:
1) meta-analyses of prospective cohort studies that were
conducted in the general population aged 18 y or older;
2) assessed dietary intakes by standard dietary assessment
tools (e.g., FFQs, diet history, 24-h dietary recalls, and dietary
records); 3) reported fish consumption as an exposure; 4)
considered the incidence of any chronic disease including
CVD, T2D, site-specific cancers, neurological disorders, all-
cause and cause-specific mortality, and any other disease as
an outcome; and 5) reported multivariable summary risk
estimates and their corresponding 95% CIs.

Meta-analyses of observational studies that combined
prospective, retrospective, and cross-sectional studies in
their analyses were also eligible. Primary studies and studies
with no summary risk estimate (e.g., narrative reviews and
systematic reviews without meta-analysis) were excluded. If
>1 published meta-analysis was found for a given outcome,
the study with the largest number of primary prospective
cohort studies was selected. For published meta-analyses
that investigated the association of fish intake with the same
outcome and included equal numbers of primary prospective
cohort studies, the one with more information (e.g., dose-
response meta-analysis) was selected. 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 ≥1 additional recent
primary cohort study. Therefore, we selected the one with
the largest number of primary prospective cohort studies to
include more evidence in this review.

Data extraction
One author (AJ) extracted the following information from
each included meta-analysis: first author’s name, publication
year, outcome of interest, number of primary prospective
cohort studies, number of participants/cases, and type of
comparison (high compared with low meta-analysis or dose-
response meta-analysis). We also extracted the following
data from the primary studies included in each meta-
analysis: first author’s name, year of publication, number of
participants/cases, maximally adjusted RRs and their 95%
CIs, and confounding variables that were included in that
model. If confounding variables were not presented in the
eligible meta-analyses, we read the full texts of primary
studies to extract confounding variables. Data extraction was
checked by the second author (SS-B).

Assessment of methodological quality
Both authors (AJ and SS-B) independently performed quality
assessments. Disagreements were resolved by consensus.
The methodical quality of each published meta-analysis was
assessed by a measurement tool for the assessment of multiple
systematic reviews (AMSTAR) (19, 20). This scale ranges
from 0 to 11 and demonstrates the methodological quality
of each published meta-analysis. Accordingly, meta-analyses
with ≥8 points were considered high quality, and studies with
4–7 points and ≤3 points were considered moderate and low
quality, respectively (21).

Statistical analysis
For each included meta-analysis, we extracted maximally
adjusted RRs and their 95% CIs from each primary prospec-
tive cohort study that was included in that review. Then,
we performed our own meta-analyses. For this purpose,
we recalculated the summary relative risk (SRR) and its
corresponding 95% CI by using the DerSimonian and Laird
random-effects model (22). Because some of the included
meta-analyses used a fixed-effects model to combine primary
effect sizes, we used this approach to present comparable
SRRs across all meta-analyses (23). In addition, this approach
provided sufficient information for the evaluation of the
quality of the evidence (including τ 2, I2, and publication
bias).

For published meta-analyses that included separate risk
estimates based on sex or other subgroups from a given
primary study, we combined subgroup-specific estimates
using a fixed-effects model and used the combined effect
size for our analyses. For the published meta-analyses that
combined prospective cohorts, retrospective observational
studies (e.g., case-control or retrospective cohort studies),
and cross-sectional studies in their analyses, we excluded
the cross-sectional and retrospective studies and recalculated
SRRs using the results from prospective cohort studies only.
Primary studies with unadjusted risk estimates were also
excluded. We excluded the aforementioned primary studies
from the analyses and then recalculated the risk estimates
with the use of a random-effects model. In addition, for dose-
response meta-analyses that reported SRRs for a specific
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measure (e.g., for a 1-serving/wk, 1-serving/d, 15-g/d, or
20-g/d increment in fish consumption), we converted all
SRRs to SRR for a 100-g/d increment in fish consumption.
For this purpose, we extracted the RR for each primary
prospective cohort study that was included in the eligible
meta-analyses (from the forest plots). Then, we converted
all measures to grams per day, by using the serving sizes
reported in those primary studies. Then, we translated all
RRs in primary studies into RR for a 100-g/d increment in
fish consumption. For this purpose, we calculated the log
RR and its 95% CI, then multiplied them by 100/X (X g/d
is the specific amount of increase in fish consumption in
each primary study, for which the RR was reported). Then,
we exponentiated the log RR and its 95% CI to get the RR
for an increment of 100 g/d in fish consumption. Finally,
we combined study-specific RRs by using a random-effects
model. With the use of this approach, we were able to present
comparable SRRs across different outcomes. In each meta-
analysis, we evaluated between-study heterogeneity by using
the I2 statistic and its 95% CI (24). Because I2 is dependent on
the study size, we also calculated τ 2, which is independent
of study size (25). We evaluated potential publication bias
using Egger’s test (26). Because chronic disease includes 40
different outcomes, we applied a Bonferroni correction (α
= 0.05/40; P = 0.00125) to avoid inflating the rate of false-
positive findings due to multiple testing. So, significance was
considered as P < 0.00125. All analyses were conducted with
Stata software version 13 (StataCorp).

Quality of the evidence
We recalculated the SRR in each included meta-analysis
and then assessed the quality of the evidence by using the
NutriGrade score (27). This score is a useful tool to judge the
meta-evidence of randomized controlled trials and cohort
studies in nutrition research (23, 28, 29) and considers
nutrition-specific aspects such as dietary assessment meth-
ods and diet-associated biomarkers (30). This score includes
8 components including 1) risk of bias, study quality, or study
limitations; 2) precision of the estimate; 3) heterogeneity;
4) directness; 5) publication bias; 6) funding bias; 7) effect
size; and 8) dose–response association. The score ranges
from 0 to 10. According to this method, the strength of
the evidence obtained from the included meta-analyses was
categorized 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): There is high confidence in the effect
estimate, and further research probably will not change
the confidence in the effect estimate.

Results
A total of 3265 articles were identified by searching the
PubMed and Scopus databases (Supplemental Figure 1). We
reviewed the titles and abstracts of all studies and, as a result,
3194 articles were removed. Seventy-one full texts were fully
reviewed for eligibility and, of those, 34 published meta-
analyses of observational studies were considered eligible
for this umbrella review (31–64). Supplemental Table 1
provides the reasons for excluding studies and a list of the
studies excluded by full-text assessment.

Characteristics of included meta-analyses
The initial systematic search identified 7 published meta-
analyses of observational studies for T2D; 6 for stroke; 4 for
heart failure; 3 for all-cause and CHD mortality, depression,
and colorectal, liver, and esophageal cancers; 2 for CHD,
hypertension, age-related macular degeneration, metabolic
syndrome, dementia, and pancreatic, prostate, gastric, and
ovarian cancers; and 1 meta-analysis for other outcomes.
Duplicate meta-analyses reported similar results in terms of
the degree and direction of the associations (after exclusion of
primary studies that did not meet our inclusion criteria). Of
those, the meta-analyses with the largest numbers of primary
prospective cohort studies were selected for this review. We
also found 1 published meta-analysis with only 1 prospective
cohort study for brain tumors (65) and another 1 meta-
analysis with only case-control studies for myeloma (66) that
were not included in this review.

We identified 34 published meta-analyses of observational
studies, reporting 48 SRRs for 40 different outcomes (some
of the published meta-analyses reported SRRs for total
and different types of fish), obtained from 298 primary
prospective cohort studies (Supplemental Table 2). In-
cluded meta-analyses investigated the following outcomes
in their analyses: all-cause mortality (53), CVD mortality
(39), CHD (32), CHD mortality (62), myocardial infarction
(40), stroke and heart failure (32), heart failure (fried and
nonfried fish) (35), T2D (50), T2D (fatty and lean fish)
(47), atrial fibrillation (44), hypertension (51), abdominal
adiposity (49), metabolic syndrome (43), depression (58),
dementia and Alzheimer disease (60), hip fracture (48),
rheumatoid arthritis (33), inflammatory bowel disease (46),
asthma (57), age-related macular degeneration (64), total
cancer mortality (61), breast cancer (63), and colorectal
(52), prostate (56), hematological (54), lung (55), oral (37),
gastric (59), ovarian (41), bladder (45), pancreatic (42),
renal (31), endometrial (36), liver (38), and esophageal
cancers (34).

Four eligible meta-analyses (38, 51–53) included 1 pri-
mary prospective observational study with an unadjusted
risk estimate. We excluded these primary studies from the
analyses. Of the 298 primary prospective cohort studies
included in the selected meta-analyses, 4 studies reported
age-adjusted effect sizes, 1 study reported energy-adjusted
effect sizes, and the remainder reported multivariable risk es-
timates. Two hundred and seventy-one primary prospective
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TABLE 1 Summary of the RRs with 95% CIs and quality of the evidence for associations between fish consumption and risks of
cardiometabolic diseases and mortality1

Outcome
Primary

studies, n Cases, n Comparison2
Summary RR

(95% CI) P value3
Quality of the evidence

(NutriGrade)

Myocardial infarction 11 8468 Per 100 g/d 0.75 (0.65, 0.93) 0.001 Moderate
Cardiovascular mortality 8 11,720 Per 100 g/d 0.75 (0.65, 0.87) 0.003 Moderate
Heart failure 8 7945 Per 100 g/d 0.80 (0.67, 0.95) 0.01 Moderate
Stroke 20 14,360 Per 100 g/d 0.86 (0.75, 0.99) 0.04 Moderate
CHD 22 16,732 Per 100 g/d 0.88 (0.79, 0.99) 0.03 Moderate
All-cause mortality 38 153,998 Per 100 g/d 0.92 (0.87, 0.97) 0.004 Moderate
Heart failure (fried fish) 2 2813 High vs. low 1.40 (1.22, 1.61) <0.001 Low
CHD mortality 17 4472 Per 100 g/d 0.65 (0.48, 0.87) 0.004 Low
T2D (fatty fish) 4 2754 High vs. low 0.89 (0.81, 0.97) 0.01 Low
CHD (fatty fish) 4 4501 High vs. low 0.85 (0.72, 1.01) 0.07 Low
Hypertension 7 80,759 Per 100 g/d 1.05 (0.96, 1.15) 0.30 Low
Atrial fibrillation 6 9629 Per 100 g/d 0.60 (0.13, 2.66) 0.82 Low
T2D 16 45,029 Per 100 g/d 1.09 (0.93, 1.28) 0.29 Low
Metabolic syndrome 2 1671 Per 100 g/d 0.60 (0.44, 0.87) 0.003 Very low
Heart failure (nonfried fish) 2 2813 High vs. low 0.69 (0.54, 0.89) 0.004 Very low
T2D (lean fish) 4 2754 High vs. low 0.96 (0.77, 1.25) 0.89 Very low
CHD (lean fish) 2 3253 High vs. low 0.98 (0.85, 1.14) 0.82 Very low

1CHD, coronary heart disease; T2D, type 2 diabetes.
2For meta-analyses that did not report dose-response estimation, the result of the highest compared with the lowest category was reported.
3P < 0.00125 was considered significant to avoid inflating the rate of false-positive findings due to multiple testing.

cohort studies (91%) controlled for age in their analyses, 247
studies (83%) considered smoking status, 220 studies (74%)
considered BMI, 210 studies (70%) controlled for sex, 191
studies (64%) controlled for energy intake, 185 studies (62%)
for alcohol drinking, and 175 studies (59%) for physical
activity and other dietary exposures in their analyses. Only
99 primary prospective cohort studies (33%) controlled for
family history of the disease assessed as the outcome in that
study.

Methodological quality
The methodological quality of the eligible meta-analyses
was assessed by a validated AMSTAR tool. The overall
and detailed AMSTAR scores for each meta-analysis are
provided in Supplemental Tables 2 and 3, respectively. Of
the 34 included meta-analyses in this review, 26 meta-
analyses (76%) were conducted with a high-quality approach
(AMSTAR score ≥8) and 8 (24%) were performed with
a moderate-quality method (AMSTAR scores = 6 and
7). The main reasons for which meta-analyses did not
receive AMSTAR scores were that included meta-analyses
did not determine whether the status of publication was
an inclusion criterion, did not provide a list of excluded
studies, and did not consider the scientific quality of
included studies in preparing their recommendations or
conclusions.

Of the 34 included meta-analyses, 24 meta-analyses (71%)
evaluated the quality of primary studies using different
tools. However, only 16 meta-analyses (47%) considered the
scientific quality of primary studies in preparing their rec-
ommendations or conclusions, performed subgroup analyses
on the basis of study quality, or evaluated the strength of the

evidence using a standard tool [Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE) or
NutriGrade].

Quality of the evidence
For the purpose of this umbrella review, we used the
NutriGrade score to rate the quality of the evidence. Included
meta-analyses reported 48 SRRs for 40 different outcomes.
Overall, there was no high-quality evidence for the relation
of fish consumption and the risk of chronic disease. For the
48 SRRs reported in this review, the quality of the evidence
was rated moderate for 8 associations (17%), and was rated
low and very low for 46% (n = 22) and 37% (n = 18)
of the associations, respectively. The overall and detailed
NutriGrade scores for each meta-analysis are provided in
Supplemental Tables 2 and 4, respectively.

Fish consumption and the risk of cardiometabolic
disease and mortality
Table 1 presents the associations of fish consumption with
the risks of cardiometabolic disease and mortality. There was
moderate quality of evidence for an inverse association of fish
consumption with the risks of all-cause and CVD mortality,
CHD, myocardial infarction, stroke, and heart failure. There
was also a strong inverse association for CHD mortality, but
the quality of the evidence was rated low. Fish consumption
was not associated with the risks of T2D, atrial fibrillation,
and hypertension.

Table 1 also presents the associations of different types of
fish with the risks of heart failure, CHD, and T2D. There was
an inverse association between fatty fish consumption and
the risk of T2D and a positive association between fried fish
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TABLE 2 Summary of the RRs with 95% CIs and quality of the evidence for associations between fish consumption and risks of site-specific
cancers1

Outcome
Primary

studies, n Cases, n Comparison2
Summary RR

(95% CI) P value3
Quality of the evidence

(NutriGrade)

Liver cancer 5 1572 Per 100 g/d 0.65 (0.48, 0.87) 0.007 Moderate
Myeloid leukemia 2 416 High vs. low 1.60 (1.10, 2.35) 0.01 Low
Gastric cancer 5 2813 Per 100 g/d 1.16 (1.00, 1.28) 0.05 Low
Prostate cancer mortality 4 740 High vs. low 0.37 (0.18, 0.74) 0.005 Low
Bladder cancer 5 1141 High vs. low 0.86 (0.53, 1.39) 0.53 Low
Colorectal cancer 20 19,787 Per 100 g/d 0.93 (0.85, 1.01) 0.07 Low
Total cancer mortality 10 49,952 Per 100 g/d 0.98 (0.91, 1.07) 0.69 Low
Breast cancer 11 13,323 Per 100 g/d 1.00 (0.81, 1.23) 0.84 Low
Prostate cancer incidence 12 13,924 High vs. low 1.02 (0.91, 1.15) 0.69 Low
Ovarian cancer 5 1288 High vs. low 1.04 (0.89, 1.22) 0.60 Low
Pancreatic cancer 13 4994 Per 100 g/d 1.06 (0.90, 1.25) 0.42 Low
Esophageal squamous cell

carcinoma
3 726 High vs. low 0.87 (0.60, 1.27) 0.47 Very low

Multiple myeloma 3 986 High vs. low 0.94 (0.67, 1.33) 0.87 Very low
Lung cancer 3 11,624 High vs. low 0.95 (0.73, 1.24) 0.69 Very low
CLL/SLL 3 1370 High vs. low 0.99 (0.83, 1.19) 0.74 Very low
Endometrial cancer 4 2245 Per 100 g/d 1.00 (0.65, 1.61) 0.56 Very low
Leukemia 3 2536 High vs. low 1.02 (0.89, 1.17) 0.43 Very low
Oral cancer 2 226 High vs. low 1.03 (0.66, 1.61) 0.90 Very low
Renal cancer 3 2443 High vs. low 1.07 (0.81, 1.39) 0.65 Very low
Non-Hodgkin’s lymphoma 4 3865 High vs. low 1.08 (0.94, 1.24) 0.62 Very low

1CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma.
2For meta-analyses that did not report dose-response estimation, the result of the highest compared with the lowest category was reported.
3P < 0.00125 was considered significant to avoid inflating the rate of false-positive findings due to multiple testing.

and the risk of heart failure. The quality of the evidence was
rated low for these associations.

Fish consumption and site-specific cancer risk
Table 2 shows the association of fish consumption and site-
specific cancer risk. We found moderate quality of evidence
for the relation of fish consumption with the risk of liver
cancer (SRR for each 100-g/d increment: 0.65; 95% CI: 0.48,
0.87). There was also low-quality evidence for the inverse
association of fish consumption and the risk of prostate
cancer mortality, as well as for the positive association of fish
consumption and the risk of myeloid leukemia and gastric
cancer. Fish consumption was not associated with the risk of
cancers at other sites.

Fish consumption and other outcomes
Table 3 presents the associations of fish consumption with
the risks of other diseases. The quality of the evidence
was rated moderate for depression (SRR for the highest
compared with the lowest category: 0.88; 95% CI: 0.79, 0.98).
We also found low-quality evidence for inverse associations
of fish consumption with the risks of Alzheimer disease,
hip fracture, and age-related macular degeneration. Fish
consumption was not associated with the risk of rheumatoid
arthritis, dementia, asthma, or inflammatory bowel disease.

Nonlinear dose-response meta-analysis
Nonlinear dose-response analysis was performed for 16 asso-
ciations. Of those, there were inverse linear associations for
all-cause and CVD mortality, CHD, myocardial infarction,

stroke, and heart failure. The results suggested nonlinear
dose-response relations for CHD mortality, hypertension,
Alzheimer disease, and age-related macular degeneration.
There was no evidence of a U- or J-shaped association
between fish consumption and the risk of chronic disease.

Heterogeneity
Supplemental Table 2 presents the results for heterogeneity.
The evidence of heterogeneity was absent (I2 <25%) for 50%
(n = 24) of the associations, low (I2 = 25%–50%) for 13%
(n = 6) of the associations, moderate (I2 = 50%–75%) for
29% (n = 14) of the associations, and high (I2 >75%) for 8%
(n = 4) of the associations in the high compared with low
analyses. For outcomes for which the quality of the evidence
was rated moderate, the evidence of heterogeneity was absent
for CVD mortality, depression, liver cancer, and heart failure;
moderate for CHD, all-cause mortality, and stroke; and high
for myocardial infarction.

The potential sources of heterogeneity were geographical
location (T2D, bladder cancer, all-cause mortality, myocar-
dial infarction, and total cancer mortality), sample size
(bladder cancer, myocardial infarction, and total cancer
mortality), dietary assessment method (prostate and bladder
cancers), follow-up duration (T2D and breast cancer), ad-
justment for energy intake (myocardial infarction and breast
cancer), and menopausal status (breast cancer).

Publication bias
Supplemental Table 2 presents the results for publication bias.
Overall, there was evidence of publication bias (P < 0.05)
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TABLE 3 Summary of the RRs with 95% CIs and quality of the evidence for associations between fish consumption and risks of other
diseases1

Outcome
Primary

studies, n Cases, n Comparison2
Summary RR

(95% CI) P value3
Quality of the evidence

(NutriGrade)

Depression 8 5732 High vs. low 0.88 (0.79, 0.98) 0.03 Moderate
Alzheimer disease 5 915 Per 100 g/d 0.41 (0.19, 0.98) 0.02 Low
Age-related macular degeneration (total) 8 4202 Per 100 g/d 0.44 (0.27, 0.75) 0.003 Low
Rheumatoid arthritis 3 820 Per 100 g/d 0.75 (0.41, 1.41) 0.40 Low
Abdominal adiposity 2 2364 Per 100 g/d 0.83 (0.71, 0.97) 0.02 Low
Hip fracture 3 1953 High vs. low 0.92 (0.84, 1.00) 0.05 Low
Age-related macular degeneration (late) 4 NA High vs. low 0.76 (0.59, 0.99) 0.04 Very low
Age-related macular degeneration

(early)
3 NA High vs. low 0.78 (0.62, 0.97) 0.03 Very low

Dementia 4 1182 Per 100 g/d 0.65 (0.38, 1.15) 0.14 Very low
Asthma 2 551 High vs. low 0.90 (0.69, 1.18) 0.45 Very low
Inflammatory bowel disease 2 250 High vs. low 1.12 (0.44, 2.02) 0.82 Very low

1NA, not available.
2For meta-analyses that did not report dose-response estimation, the result of the highest compared with the lowest category was reported.
3P < 0.00125 was considered significant to avoid inflating the rate of false-positive findings due to multiple testing.

for CHD mortality, age-related macular degeneration, my-
ocardial infarction, liver cancer, dementia, and rheumatoid
arthritis.

Discussion
The present umbrella review gathered current evidence
obtained from prospective cohort studies regarding the
association of fish consumption and the risk of chronic
disease and, as a result, presented a broad overview of
health outcomes of fish consumption. On the basis of the
NutriGrade score, we found moderate quality of evidence
for the inverse association of fish consumption with the
risks of all-cause and CVD mortality, CHD, myocardial
infarction, stroke, heart failure, depression, and liver cancer.
There was also an inverse association for CHD mortality,
metabolic syndrome, prostate cancer mortality, hip fracture,
Alzheimer disease, and age-related macular degeneration,
but the quality of the evidence was rated low. We found low-
quality evidence for the positive association of fish intake
with the risks of gastric cancer and myeloid leukemia.

With regard to CVD incidence and mortality, our results
are completely in line with current understanding regarding
the cardioprotective effects of fish consumption. Fish are
the main dietary sources of the long chain ω-3 fatty
acids EPA and DHA, which have favorable effects against
inflammation and endothelial dysfunction (67–69). ω-3 Fatty
acids have lipid-lowering (70) and modest blood pressure–
lowering properties (71). They have favorable effects against
oxidative stress (72, 73) and platelet aggregation (74) and
may also decrease blood viscosity and increase arterial
compliance (75). It is also proposed that circulating or tissue
concentrations of docosapentaenoic acid (22:5n–3), another
long-chain ω-3 fatty acid present in seafood, may have
cardiovascular benefits (76).

Fish are one of the main components of highly recom-
mended healthy dietary patterns such as the Mediterranean
diet (77) and Dietary Approaches to Stop Hypertension

dietary pattern (78). Other healthy dietary patterns such
as the Nordic diet (79), the Prudent dietary pattern (80,
81), and the Alternate Healthy Eating Index (82) also
recommend people to consider fish in their diet. The 2015–
2020 Dietary Guidelines for Americans recommend an
intake of ∼240 g/wk (2 servings/wk) of a variety of seafood,
which provide a mean consumption of 250 mg/d of EPA
and DHA (83). Meta-analyses of prospective cohort studies
have suggested that higher consumption of meat, especially
processed meat, may increase the risk of major public health
concerns such as T2D (84), CHD (85), and breast and
colorectal cancers (86, 87). Thus, fish can be considered as
a healthy animal-based dietary source of protein.

The type of fish consumed in the diet may be an important
factor. In this review, we did not find an association between
total fish consumption and the risk of T2D. However, an
additional analysis indicated that higher intake of fatty fish,
but not lean fish, was associated with a lower risk of T2D.
Oily fish such as salmon, herring, mackerel, and tuna are rich
in vitamin D, and have a higher content of EPA and DHA
than that of lean fish (88). One fatty fish serving per week
(120 g/wk) provides the recommended daily intake of ω-3
(250 mg/d), whereas multiple servings of lean fish such as cod
are required to achieve the recommended intake (89).

Different methods of fish preparation should also be
taken into consideration. Although higher intake of fish
was associated with a lower risk of heart failure, higher
intake of fried fish was associated with a higher risk. Deep-
frying is an inappropriate method of cooking fish which may
diminish the beneficial effects of fish consumption (90). In
addition, some types of large predatory fish such as shark,
swordfish, and tilefish are one of the main dietary sources of
methylmercury (91), which may induce neurotoxicity (92)
and may have adverse effects against brain development
(93) and cognition (94). With regard to CVD, evidence
from prospective cohort studies did not show an association
between higher concentrations of mercury in toenail, the best
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long-term biological marker for intake of mercury (95, 96),
and the risk of CVD (97, 98). However, the 2018 American
Heart Association scientific statement suggested that the
benefits of 1–2 servings/wk, especially when a variety of
seafood is consumed, outweigh the potential risks associated
with mercury content of fish (89).

Different types of fish consumed in each region, different
methods of preparing fish such as frying, deep-frying, and
steaming, and the use of butter for preparing fish may explain,
in part, the observed regional differences in the association
of fish consumption and the risk of chronic disease. Meta-
analyses of prospective cohort studies suggested that higher
fish consumption may be associated with a higher risk of T2D
in the United States, but not in European and Asian countries
(50, 99). Another 2 recent meta-analyses of prospective
cohort studies found inverse linear associations of fish
consumption with the risk of all-cause and CVD mortality
(39) and myocardial infarction (40) in Asian countries, and
in contrast, found modest U-shaped associations in Western
countries. There was also such a regional difference for
inflammatory bowel disease (46) and lung cancer (55), for
which higher fish consumption was associated with a lower
risk in Asian countries, but not in Western countries.

For site-specific cancers, we found moderate quality of
evidence that higher fish consumption was associated with
a lower risk of liver cancer. There was also an inverse
association for prostate cancer mortality, but the quality of
the evidence was rated low. For cancers at other sites, we did
not find significant inverse associations and the quality of the
evidence was rated low or very low.

Existing evidence regarding the association of fish and
ω-3 fatty acids with cancer risk is scarce. A meta-analysis
of prospective cohort studies found a modest inverse as-
sociation between higher intake of marine ω-3 fatty acids
and the risk of breast cancer, and in contrast, found no
association for fish (63). Another systematic review did not
find sufficient evidence to suggest a relation between fish-
derived ω-3 fatty acid and the risk of prostate cancer (100).
Current evidence regarding the inverse associations of fish
and ω-3 fatty acids with cancer risk is mainly from in vitro
studies, as well as case-control studies which are subject
to recall and selection biases; thus, further well-performed
prospective cohort studies are needed to fully investigate this
association.

However, there are several plausible biological mech-
anisms which may create a potential link between ω-3
fatty acids and cancer risk. ω-3 Fatty acids have anti-
inflammatory (101) and immune-modulatory properties (7).
Results from interventional studies indicated that supple-
mentation with ω-3 fatty acids can reduce the production
of inflammation markers (102–104). Thus, ω-3 fatty acids
may have protective effects against cancer risk, especially
for cancers that are highly related to inflammation such as
liver cancer. It is proposed that >90% of liver cancers are
attributable to hepatic injury and inflammation (105). In
addition, ω-3 fatty acids may regulate several cancer-related
biological pathways such as transcription factor activity, gene

expression, signal transduction, apoptosis, angiogenesis, and
metastasis (101).

We found a significant positive association between fish
consumption and the risks of gastric cancer and myeloid
leukemia. However, the interpretation of the results is limited
by the low number of studies included (5 studies for gastric
cancer and 2 for myeloid leukemia) and low quality of
the evidence. Nevertheless, further research is needed to
investigate the association of intake of different types of fish
such as oily, lean, and salted fish, or different methods of
cooking fish, with cancer risk.

We also found a moderate quality of the evidence
for the inverse association of fish intake and the risk of
depression. Meta-analyses of interventional studies indicated
that supplementation with EPA and DHA may be effective in
reducing depressive symptoms (106, 107) and, thus, can be
considered as a potential treatment of depressive disorders
(108). The anti-inflammatory properties of ω-3 fatty acids
are one of the mediatory pathways through which they can
improve depressive symptoms (109, 110). They can also
regulate depression-related neuronal mechanisms such as
neuronal homeostasis (111), phospholipid turnover (112),
neuronal inflammatory cascades (113), and dopaminergic
and serotonergic neurotransmission (114). The Interna-
tional Society for Nutritional Psychiatry Research practice
guidelines for ω-3 fatty acids suggested that either pure
EPA (with a recommended daily dosage of 1–2 g) or an
EPA/DHA combination with a ratio >2 (EPA/DHA >2) can
be considered as an effective treatment of major depressive
disorders (115).

This umbrella review presented a broad picture of the
association of fish consumption with the risks of different
chronic diseases. The associations of fish consumption and
the risk of chronic disease, especially CVD, have been
investigated in several meta-analyses. However, the strength
of the evidence has been less addressed in published meta-
analyses. We performed a systemic search to find existing
literature, excluded case-control studies and studies with
unadjusted risk estimates, and evaluated the methodological
quality of the included meta-analyses, as well as the quality of
the evidence. In addition, we standardized the results across
different outcomes.

However, some potential limitations need to be con-
sidered when interpreting the results. First, almost all
primary studies included in this review relied on single
baseline measurements and did not perform repeated dietary
assessment during the follow-up period. Thus, the results
may have been affected by misclassification of exposures and,
as a result, we may have reached either underestimated or
overestimated effect sizes. Second, of the 48 SSRs presented in
this umbrella review, the analyses of 77% of the associations
(n = 37) were conducted with <10 primary prospective
cohort studies; thus, the interpretation of the results for
these outcomes is limited by the low number of studies
included. Third, we did not find high-quality evidence for the
relation of fish consumption and the risk of chronic disease.
In addition, the quality of the evidence was rated low or
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very low for 83% of the associations (n = 40). Thus, further
research is needed for outcomes for which the certainty
of evidence was rated low or very low. Fourth, although
evidence of publication bias was found for only 13% of the
associations (n = 6), there were <10 primary prospective
cohort studies available for 77% of the associations. Thus,
we do not have reliable evidence of publication bias for
these outcomes. Fifth, of the 298 primary prospective cohort
studies included in this review, only 99 studies (33%)
controlled for family history of the disease assessed as the
outcome in that study. In addition, we were able to examine
the associations of different types of fish or different methods
of cooking fish only for T2D, CHD, and heart failure. Sixth,
we did not investigate the degree of the associations and the
strength of the evidence across different subgroups. There
was evidence of a regional difference for the relation of
fish consumption with the risks of CVD and T2D. Thus,
future research should consider potential differences across
different geographic locations. Finally, 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 stated 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 those meta-analyses with the
largest number of primary studies. Nevertheless, narrative
reviews and systematic reviews without meta-analyses were
not included in this review and some primary studies may
have been published after the 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.

Conclusions
This umbrella review presented a broad overview of the
association of fish consumption with the risk of chronic
disease and found evidence of moderate quality that higher
fish consumption may decrease the risks of all-cause and
CVD mortality, CHD, myocardial infarction, heart failure,
stroke, and depression. For cancers at most sites, there was
no significant association and the quality of the evidence was
rated low or very low.

Future research should focus on outcomes for which
low numbers of primary prospective cohort studies were
available, or the quality of the evidence was rated low or
very low, especially cancers at different sites. Future research
should also focus on the associations of different types of
fish such as oily, lean, or salted fish, or different methods of
cooking fish such as frying, deep-frying, or steaming, with
the risk of chronic disease. The research should also perform
repeated dietary assessments to obtain more reliable data and
consider potential differences across geographical locations,
as well as confounders such as family history of the disease,
in its analyses.

Acknowledgments
The authors’ responsibilities were as follows—SS-B: is the
guarantor; and both authors: conceived and designed the
study, conducted the systematic search, screened the articles,
selected the eligible articles, extracted information from
the eligible studies, performed the analyses, interpreted the
results, wrote the first draft of the manuscript, and read and
approved the final manuscript. Both authors had full access
to all the data and take responsibility for the integrity of the
data and the accuracy of the data analysis.

References
1. He K. Fish, long-chain omega-3 polyunsaturated fatty acids and

prevention of cardiovascular disease—eat fish or take fish oil
supplement? Prog Cardiovasc Dis 2009;52(2):95–114.

2. Alhassan A, Young J, Lean MEJ, Lara J. Consumption of fish
and vascular risk factors: a systematic review and meta-analysis of
intervention studies. Atherosclerosis 2017;266:87–94.

3. Lavie CJ, Milani RV, Mehra MR, Ventura HO. Omega-3
polyunsaturated fatty acids and cardiovascular diseases. J Am
Coll Cardiol 2009;54(7):585–94.

4. Mozaffarian D, Rimm EB. Fish intake, contaminants, and
human health: evaluating the risks and the benefits. JAMA
2006;296(15):1885–99.

5. Sidhu KS. Health benefits and potential risks related to consumption
of fish or fish oil. Regul Toxicol Pharmacol 2003;38(3):336–44.

6. Calder PC. Marine omega-3 fatty acids and inflammatory processes:
effects, mechanisms and clinical relevance. Biochim Biophys Acta
2015;1851(4):469–84.

7. Calder PC. n-3 fatty acids, inflammation and immunity: new
mechanisms to explain old actions. Proc Nutr Soc 2013;72(3):326–36.

8. Donaldson MS. Nutrition and cancer: a review of the evidence for an
anti-cancer diet. Nutr J 2004;3:19.

9. He K, Song Y, Daviglus ML, Liu K, Van Horn L, Dyer AR, Greenland
P. Accumulated evidence on fish consumption and coronary heart
disease mortality: a meta-analysis of cohort studies. Circulation
2004;109(22):2705–11.

10. Djoussé L, Akinkuolie AO, Wu JH, Ding EL, Gaziano JM. Fish
consumption, omega-3 fatty acids and risk of heart failure: a meta-
analysis. Clin Nutr 2012;31(6):846–53.

11. Yang B, Shi MQ, Li ZH, Yang JJ, Li D. Fish, long-chain n-3 PUFA and
incidence of elevated blood pressure: a meta-analysis of prospective
cohort studies. Nutrients 2016;8(1):58.

12. Xun P, Qin B, Song Y, Nakamura Y, Kurth T, Yaemsiri S, Djousse L, He
K. Fish consumption and risk of stroke and its subtypes: accumulative
evidence from a meta-analysis of prospective cohort studies. Eur J Clin
Nutr 2012;66(11):1199–207.

13. Xun P, He K. Fish consumption and incidence of diabetes: meta-
analysis of data from 438,000 individuals in 12 independent
prospective cohorts with an average 11-year follow-up. Diabetes Care
2012;35(4):930–8.

14. Kolahdooz F, van der Pols JC, Bain CJ, Marks GC, Hughes MC,
Whiteman DC, Webb PM. Meat, fish, and ovarian cancer risk: results
from 2 Australian case-control studies, a systematic review, and meta-
analysis. Am J Clin Nutr 2010;91(6):1752–63.

15. Qin B, Xun P, He K. Fish or long-chain (n-3) PUFA intake is
not associated with pancreatic cancer risk in a meta-analysis and
systematic review. J Nutr 2012;142(6):1067–73.

16. Wu S, Liang J, Zhang L, Zhu X, Liu X, Miao D. Fish consumption and
the risk of gastric cancer: systematic review and meta-analysis. BMC
Cancer 2011;11:26.

17. Aromataris E, Fernandez R, Godfrey CM, Holly C, Khalil H,
Tungpunkom P. Summarizing systematic reviews: methodological
development, conduct and reporting of an umbrella review approach.
Int J Evid Based Healthc 2015;13(3):132–40.

1130 Jayedi and Shab-Bidar



18. Pollock A, Campbell P, Brunton G, Hunt H, Estcourt L. Selecting
and implementing overview methods: implications from five exemplar
overviews. Syst Rev 2017;6(1):145.

19. Shea BJ, Grimshaw JM, Wells GA, Boers M, Andersson N, Hamel
C, Porter AC, Tugwell P, Moher D, Bouter LM. Development of
AMSTAR: a measurement tool to assess the methodological quality of
systematic reviews. BMC Med Res Methodol 2007;7:10.

20. Shea BJ, Hamel C, Wells GA, Bouter LM, Kristjansson E, Grimshaw
J, Henry DA, Boers M. AMSTAR is a reliable and valid measurement
tool to assess the methodological quality of systematic reviews. J Clin
Epidemiol 2009;62(10):1013–20.

21. Sharif MO, Janjua-Sharif FN, Ali H, Ahmed F. Systematic reviews
explained: AMSTAR—how to tell the good from the bad and the ugly.
Oral Health Dent Manag 2013;12(1):9–16.

22. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials 1986;7(3):177–88.

23. Neuenschwander M, Ballon A, Weber KS, Norat T, Aune D,
Schwingshackl L, Schlesinger S. Role of diet in type 2 diabetes
incidence: umbrella review of meta-analyses of prospective
observational studies. BMJ 2019;366:l2368.

24. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ 2003;327(7414):557–60.

25. Riley RD, Higgins JP, Deeks JJ. Interpretation of random effects meta-
analyses. BMJ 2011;342:d549.

26. Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315(7109):629–34.

27. Schwingshackl L, Knuppel S, Schwedhelm C, Hoffmann G, Missbach
B, Stelmach-Mardas M, Dietrich S, Eichelmann F, Kontopantelis E,
Iqbal K, et al. Perspective: NutriGrade: a scoring system to assess and
judge the meta-evidence of randomized controlled trials and cohort
studies in nutrition research. Adv Nutr 2016;7(6):994–1004.

28. Galbete C, Schwingshackl L. Evaluating Mediterranean diet and risk of
chronic disease in cohort studies: an umbrella review of meta-analyses.
Eur J Epidemiol 2018;33(10):909–31.

29. Schwingshackl L, Hoffmann G, Missbach B, Stelmach-Mardas M,
Boeing H. An umbrella review of nuts intake and risk of cardiovascular
disease. Curr Pharm Des 2017;23(7):1016–27.

30. Schwingshackl L, Knuppel S, Schwedhelm C, Hoffmann G, Missbach
B, Stelmach-Mardas M, Dietrich S, Eichelmann F, Kontopantelis E,
Iqbal K, et al. Reply to JJ Meerpohl et al. Adv Nutr 2017;8(5):790–1.

31. Bai H-W, Qian Y-Y, Shi B-Y, Li G, Fan Y, Wang Z, Yuan M, Liu L-P.
The association between fish consumption and risk of renal cancer: a
meta-analysis of observational studies. PLoS One 2013;8(11):e81939.

32. Bechthold A, Boeing H, Schwedhelm C, Hoffmann G, Knuppel S,
Iqbal K, De Henauw S, Michels N, Devleesschauwer B, Schlesinger
S, et al. Food groups and risk of coronary heart disease, stroke and
heart failure: a systematic review and dose-response meta-analysis of
prospective studies. Crit Rev Food Sci Nutr 2019;59(7):1071–90.

33. Di Giuseppe D, Crippa A, Orsini N, Wolk A. Fish consumption and
risk of rheumatoid arthritis: a dose-response meta-analysis. Arthritis
Res Ther 2014;16(5):446.

34. Han YJ, Li J, Huang W, Fang Y, Xiao LN, Liao ZE. Fish consumption
and risk of esophageal cancer and its subtypes: a systematic
review and meta-analysis of observational studies. Eur J Clin Nutr
2013;67(2):147–54.

35. Hou L-N, Li F, Zhou Y, Nie S-H, Su L, Chen P-A, Tan W-L, Xu D-L.
Fish intake and risk of heart failure: a meta-analysis of five prospective
cohort studies. Exp Ther Med 2012;4(3):481–6.

36. Hou R, Yao S-S, Liu J, Wang L-L, Wu L, Jiang L. Dietary n-
3 polyunsaturated fatty acids, fish consumption, and endometrial
cancer risk: a meta-analysis of epidemiological studies. Oncotarget
2017;8(53):91684–93.

37. Hu S, Yu J, Wang Y, Li Y, Chen H, Shi Y, Ma X. Fish consumption could
reduce the risk of oral cancer in Europeans: a meta-analysis. Arch Oral
Biol 2019;107:104494.

38. Huang RX, Duan YY, Hu JA. Fish intake and risk of liver cancer: a
meta-analysis. PLoS One 2015;10(1):e0096102.

39. Jayedi A, Shab-Bidar S, Eimeri S, Djafarian K. Fish consumption
and risk of all-cause and cardiovascular mortality: a dose-response
meta-analysis of prospective observational studies. Public Health Nutr
2018;21(7):1297–306.

40. Jayedi A, Zargar MS, Shab-Bidar S. Fish consumption and risk of
myocardial infarction: a systematic review and dose-response meta-
analysis suggests a regional difference. Nutr Res 2019;62:1–12.

41. Jiang PY, Jiang ZB, Shen KX, Yue Y. Fish intake and ovarian cancer
risk: a meta-analysis of 15 case-control and cohort studies. PLoS One
2014;9(4):e94601.

42. Jiang W, Wang M, Jiang H-Z, Chen G-C, Hua Y-F. Meta-analysis of fish
consumption and risk of pancreatic cancer in 13 prospective studies
with 1.8 million participants. PLoS One 2019;14(9):e0222139.

43. Kim YS, Xun P, He K. Fish consumption, long-chain omega-3
polyunsaturated fatty acid intake and risk of metabolic syndrome: a
meta-analysis. Nutrients 2015;7(4):2085–100.

44. Li FR, Chen GC, Qin J, Wu X. Dietary fish and long-chain n-3
polyunsaturated fatty acids intake and risk of atrial fibrillation: a meta-
analysis. Nutrients 2017;9(9):955.

45. Li Z, Yu J, Miao Q, Sun S, Sun L, Yang H, Hou L. The association of fish
consumption with bladder cancer risk: a meta-analysis. World J Surg
Onc 2011;9:107.

46. Mozaffari H, Daneshzad E, Larijani B, Bellissimo N, Azadbakht L.
Dietary intake of fish, n-3 polyunsaturated fatty acids, and risk of
inflammatory bowel disease: a systematic review and meta-analysis of
observational studies. Eur J Nutr 2020;59(1):1–17.

47. Namazi N, Brett NR, Bellissimo N, Larijani B, Heshmati J, Azadbakht
L. The association between types of seafood intake and the risk of type
2 diabetes: a systematic review and meta-analysis of prospective cohort
studies. Health Promot Perspect 2019;9(3):164–73.

48. Sadeghi O, Djafarian K, Ghorabi S, Khodadost M, Nasiri M, Shab-
Bidar S. Dietary intake of fish, n-3 polyunsaturated fatty acids and risk
of hip fracture: a systematic review and meta-analysis on observational
studies. Crit Rev Food Sci Nutr 2019;59(8):1320–33.

49. Schlesinger S, Neuenschwander M, Schwedhelm C, Hoffmann
G, Bechthold A, Boeing H, Schwingshackl L. Food groups and
risk of overweight, obesity, and weight gain: a systematic review
and dose-response meta-analysis of prospective studies. Adv Nutr
2019;10(2):205–18.

50. Schwingshackl L, Hoffmann G, Lampousi AM, Knüppel S, Iqbal
K, Schwedhelm C, Bechthold A, Schlesinger S, Boeing H. Food
groups and risk of type 2 diabetes mellitus: a systematic review and
meta-analysis of prospective studies. Eur J Epidemiol 2017;32(5):
363–75.

51. Schwingshackl L, Schwedhelm C, Hoffmann G, Knüppel S, Iqbal K,
Andriolo V, Bechthold A, Schlesinger S, Boeing H. Food groups and
risk of hypertension: a systematic review and dose-response meta-
analysis of prospective studies. Adv Nutr 2017;8(6):793–803.

52. Schwingshackl L, Schwedhelm C, Hoffmann G, Knüppel S, Laure
Preterre A, Iqbal K, Bechthold A, De Henauw S, Michels N,
Devleesschauwer B, et al. Food groups and risk of colorectal cancer.
Int J Cancer 2018;142(9):1748–58.

53. Schwingshackl L, Schwedhelm C, Hoffmann G, Lampousi AM,
Knüppel S, Iqbal K, Bechthold A, Schlesinger S, Boeing H. Food groups
and risk of all-cause mortality: a systematic review and meta-analysis
of prospective studies. Am J Clin Nutr 2017;105(6):1462–73.

54. Sergentanis TN, Ntanasis-Stathopoulos I, Tzanninis IG,
Gavriatopoulou M, Sergentanis IN, Dimopoulos MA, Psaltopoulou T.
Meat, fish, dairy products and risk of hematological malignancies in
adults – a systematic review and meta-analysis of prospective studies.
Leuk Lymphoma 2019;60(8):1978–90.

55. Song J, Su H, Wang BL, Zhou YY, Guo LL. Fish consumption and
lung cancer risk: systematic review and meta-analysis. Nutr Cancer
2014;66(4):539–49.

56. Szymanski KM, Wheeler DC, Mucci LA. Fish consumption and
prostate cancer risk: a review and meta-analysis. Am J Clin Nutr
2010;92(5):1223–33.

Fish consumption and chronic disease 1131



57. Yang H, Xun P, He K. Fish and fish oil intake in relation to
risk of asthma: a systematic review and meta-analysis. PLoS One
2013;8(11):e80048.

58. Yang Y, Kim Y, Je Y. Fish consumption and risk of depression:
epidemiological evidence from prospective studies. Asia Pac
Psychiatry 2018;10(4):e12335.

59. Yu XF, Zou J, Dong J. Fish consumption and risk of gastrointestinal
cancers: a meta-analysis of cohort studies. World J Gastroenterol
2014;20(41):15398–412.

60. Zhang Y, Chen J, Qiu J, Li Y, Wang J, Jiao J. Intakes of fish and
polyunsaturated fatty acids and mild-to-severe cognitive impairment
risks: a dose-response meta-analysis of 21 cohort studies. Am J Clin
Nutr 2015;103(2):330–40.

61. Zhang Z, Chen G-C, Qin Z-Z, Tong X, Li D-P, Qin L-Q. Poultry and
fish consumption in relation to total cancer mortality: a meta-analysis
of prospective studies. Nutr Cancer 2018;70(2):204–12.

62. Zheng J, Huang T, Yu Y, Hu X, Yang B, Li D. Fish consumption and
CHD mortality: an updated meta-analysis of seventeen cohort studies.
Public Health Nutr 2012;15(4):725–37.

63. Zheng JS, Hu XJ, Zhao YM, Yang J, Li D. Intake of fish and marine
n-3 polyunsaturated fatty acids and risk of breast cancer: meta-
analysis of data from 21 independent prospective cohort studies. BMJ
2013;346:f3706.

64. Zhu W, Wu Y, Meng YF, Xing Q, Tao JJ, Lu J. Fish consumption
and age-related macular degeneration incidence: a meta-analysis
and systematic review of prospective cohort studies. Nutrients
2016;8(11):743.

65. Lian W, Wang R, Xing B, Yao Y. Fish intake and the risk of brain tumor:
a meta-analysis with systematic review. Nutr J 2017;16(1):1.

66. Wang YZ, Wu QJ, Zhu J, Wu L. Fish consumption and risk of myeloma:
a meta-analysis of epidemiological studies. Cancer Causes Control
2015;26(9):1307–14.

67. de Mello VD, Schwab U, Kolehmainen M, Koenig W, Siloaho M,
Poutanen K, Mykkänen H, Uusitupa M. A diet high in fatty fish,
bilberries and wholegrain products improves markers of endothelial
function and inflammation in individuals with impaired glucose
metabolism in a randomised controlled trial: the Sysdimet study.
Diabetologia 2011;54(11):2755–67.

68. Rangel-Huerta OD, Aguilera CM, Mesa MD, Gil A. Omega-3 long-
chain polyunsaturated fatty acids supplementation on inflammatory
biomakers: a systematic review of randomised clinical trials. Br J Nutr
2012;107(Suppl 2):S159–70.

69. Robinson LE, Mazurak VC. N-3 polyunsaturated fatty acids:
relationship to inflammation in healthy adults and adults exhibiting
features of metabolic syndrome. Lipids 2013;48(4):319–32.

70. Bays HE, Tighe AP, Sadovsky R, Davidson MH. Prescription omega-
3 fatty acids and their lipid effects: physiologic mechanisms of action
and clinical implications. Expert Rev Cardiovasc Ther 2008;6(3):
391–409.

71. Abeywardena MY, Patten GS. Role of ω3 long-chain polyunsaturated
fatty acids in reducing cardio-metabolic risk factors. Endocr Metab
Immune Disord Drug Targets 2011;11(3):232–46.

72. Meital LT, Windsor MT, Perissiou M, Schulze K, Magee R, Kuballa
A, Golledge J, Bailey TG, Askew CD, Russell FD. Omega-3 fatty
acids decrease oxidative stress and inflammation in macrophages
from patients with small abdominal aortic aneurysm. Sci Rep
2019;9(1):12978.

73. Mori TA, Puddey IB, Burke V, Croft KD, Dunstan DW, Rivera JH,
Beilin LJ. Effect of omega 3 fatty acids on oxidative stress in humans:
GC-MS measurement of urinary F2-isoprostane excretion. Redox
Report 2000;5(1):45–6.

74. von Schacky C. n−3 fatty acids and the prevention of coronary
atherosclerosis. Am J Clin Nutr 2000;71(1 Suppl):224s–7s.

75. Simopoulos AP. Omega-3 fatty acids and cardiovascular disease: the
epidemiological evidence. Environ Health Prev Med 2002;6(4):203–9.

76. Del Gobbo LC, Imamura F, Aslibekyan S, Marklund M, Virtanen JK,
Wennberg M, Yakoob MY, Chiuve SE, dela Cruz L, Frazier-Wood
AC, et al. ω-3 polyunsaturated fatty acid biomarkers and coronary

heart disease: pooling project of 19 cohort studies. JAMA Intern Med
2016;176(8):1155–66.

77. Willett WC, Sacks F, Trichopoulou A, Drescher G, Ferro-Luzzi A,
Helsing E, Trichopoulos D. Mediterranean diet pyramid: a cultural
model for healthy eating. Am J Clin Nutr 1995;61(6 Suppl):1402S–6S.

78. Sacks FM, Obarzanek E, Windhauser MM, Svetkey LP, Vollmer WM,
McCullough M, Karanja N, Lin PH, Steele P, Proschan MA, et al.
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 1995;5(2):108–18.

79. Mithril C, Dragsted LO, Meyer C, Tetens I, Biltoft-Jensen A, Astrup
A. Dietary composition and nutrient content of the New Nordic Diet.
Public Health Nutr 2013;16(5):777–85.

80. Fung TT, Willett WC, Stampfer MJ, Manson JE, Hu FB. Dietary
patterns and the risk of coronary heart disease in women. Arch Intern
Med 2001;161(15):1857–62.

81. Hu FB, Rimm EB, Stampfer MJ, Ascherio A, Spiegelman D, Willett
WC. Prospective study of major dietary patterns and risk of coronary
heart disease in men. Am J Clin Nutr 2000;72(4):912–21.

82. McCullough ML, Willett WC. Evaluating adherence to recommended
diets in adults: the Alternate Healthy Eating Index. Public Health Nutr
2006;9(1a):152–7.

83. McGuire S. Scientific Report of the 2015 Dietary Guidelines Advisory
Committee. Washington, DC: US Departments of Agriculture and
Health and Human Services, 2015. Adv Nutr 2016;7(1):202–4.

84. Pan A, Sun Q, Bernstein AM, Schulze MB, Manson JE, Willett WC, Hu
FB. Red meat consumption and risk of type 2 diabetes: 3 cohorts of US
adults and an updated meta-analysis. Am J Clin Nutr 2011;94(4):1088–
96.

85. Micha R, Wallace SK, Mozaffarian D. Red and processed meat
consumption and risk of incident coronary heart disease, stroke, and
diabetes mellitus: a systematic review and meta-analysis. Circulation
2010;121(21):2271–83.

86. Chan DS, Lau R, Aune D, Vieira R, Greenwood DC, Kampman
E, Norat T. Red and processed meat and colorectal cancer
incidence: meta-analysis of prospective studies. PLoS One 2011;6(6):
e20456.

87. Farvid MS, Stern MC, Norat T, Sasazuki S, Vineis P, Weijenberg
MP, Wolk A, Wu K, Stewart BW, Cho E. Consumption of red and
processed meat and breast cancer incidence: a systematic review and
meta-analysis of prospective studies. Int J Cancer 2018;143(11):2787–
99.

88. McGuire S. U.S. Department of Agriculture and U.S. Department
of Health and Human Services, Dietary Guidelines for Americans,
2010. 7th edition, Washington, DC: U.S. Government Printing Office,
January 2011. Adv Nutr 2011;2(3):293–4.

89. Rimm EB, Appel LJ, Chiuve SE, Djoussé L, Engler MB, Kris-Etherton
PM, Mozaffarian D, Siscovick DS, Lichtenstein AH. Seafood long-
chain n-3 polyunsaturated fatty acids and cardiovascular disease: a
science advisory from the American Heart Association. Circulation
2018;138(1):e35–47.

90. Mozaffarian D, Lemaitre RN, Kuller LH, Burke GL, Tracy RP, Siscovick
DS. Cardiac benefits of fish consumption may depend on the type
of fish meal consumed: the Cardiovascular Health Study. Circulation
2003;107(10):1372–7.

91. US Food and Drug Administration. Eating fish: what pregnant women
and parents should know. Silver Spring (MD): US FDA; 2017.

92. Farina M, Rocha JB, Aschner M. Mechanisms of methylmercury-
induced neurotoxicity: evidence from experimental studies. Life Sci
2011;89(15–16):555–63.

93. Antunes Dos Santos A, Appel Hort M, Culbreth M, López-Granero
C, Farina M, Rocha JB, Aschner M. Methylmercury and brain
development: a review of recent literature. J Trace Elem Med Biol
2016;38:99–107.

94. Oken E, Rifas-Shiman SL, Amarasiriwardena C, Jayawardene I,
Bellinger DC, Hibbeln JR, Wright RO, Gillman MW. Maternal
prenatal fish consumption and cognition in mid childhood: mercury,
fatty acids, and selenium. Neurotoxicol Teratol 2016;57:71–8.

1132 Jayedi and Shab-Bidar



95. MacIntosh DL, Williams PL, Hunter DJ, Sampson LA, Morris SC,
Willett WC, Rimm EB. Evaluation of a food frequency questionnaire-
food composition approach for estimating dietary intake of inorganic
arsenic and methylmercury. Cancer Epidemiol Biomarkers Prev
1997;6(12):1043–50.

96. Willett W. Nutritional epidemiology. New York: Oxford University
Press; 2012.

97. Downer MK, Martínez-González MA, Gea A, Stampfer M, Warnberg
J, Ruiz-Canela M, Salas-Salvadó J, Corella D, Ros E, Fitó M, et al.
Mercury exposure and risk of cardiovascular disease: a nested case-
control study in the PREDIMED (PREvention with MEDiterranean
Diet) study. BMC Cardiovasc Disord 2017;17(1):9.

98. Mozaffarian D, Shi P, Morris JS, Spiegelman D, Grandjean P,
Siscovick DS, Willett WC, Rimm EB. Mercury exposure and risk
of cardiovascular disease in two U.S. cohorts. N Engl J Med
2011;364(12):1116–25.

99. Wallin A, Di Giuseppe D, Orsini N, Patel PS, Forouhi NG, Wolk A.
Fish consumption, dietary long-chain n-3 fatty acids, and risk of type
2 diabetes: systematic review and meta-analysis of prospective studies.
Diabetes Care 2012;35(4):918–29.

100. Aucoin M, Cooley K, Knee C, Fritz H, Balneaves LG, Breau R,
Fergusson D, Skidmore B, Wong R, Seely D. Fish-derived omega-3
fatty acids and prostate cancer: a systematic review. Integr Cancer Ther
2017;16(1):32–62.

101. Larsson SC, Kumlin M, Ingelman-Sundberg M, Wolk A. Dietary long-
chain n−3 fatty acids for the prevention of cancer: a review of potential
mechanisms. Am J Clin Nutr 2004;79(6):935–45.

102. Lin N, Shi JJ, Li YM, Zhang XY, Chen Y, Calder PC, Tang LJ. What
is the impact of n-3 PUFAs on inflammation markers in type 2
diabetic mellitus populations?: a systematic review and meta-analysis
of randomized controlled trials. Lipids Health Dis 2016;15:133.

103. Mocellin MC, Camargo CQ, Nunes EA, Fiates GMR, Trindade E. A
systematic review and meta-analysis of the n-3 polyunsaturated fatty
acids effects on inflammatory markers in colorectal cancer. Clin Nutr
2016;35(2):359–69.

104. O’Mahoney LL, Matu J, Price OJ, Birch KM, Ajjan RA, Farrar D, Tapp
R, West DJ, Deighton K, Campbell MD. Omega-3 polyunsaturated
fatty acids favourably modulate cardiometabolic biomarkers in type
2 diabetes: a meta-analysis and meta-regression of randomized
controlled trials. Cardiovasc Diabetol 2018;17(1):98.

105. Bishayee A. The role of inflammation and liver cancer. Adv Exp Med
Biol 2014;816:401–35.

106. Liao Y, Xie B, Zhang H, He Q, Guo L, Subramaniapillai M, Fan B,
Lu C, McIntyer RS. Efficacy of omega-3 PUFAs in depression: a meta-
analysis. Transl Psychiatry 2019;9(1):190.

107. Lin PY, Su KP. A meta-analytic review of double-blind, placebo-
controlled trials of antidepressant efficacy of omega-3 fatty acids. J Clin
Psychiatry 2007;68(7):1056–61.

108. Kraguljac NV, Montori VM, Pavuluri M, Chai HS, Wilson BS, Unal SS.
Efficacy of omega-3 fatty acids in mood disorders - a systematic review
and metaanalysis. Psychopharmacol Bull 2009;42(3):39–54.

109. Czlonkowska A, Kurkowska-Jastrzebska I. Inflammation and gliosis
in neurological diseases—clinical implications. J Neuroimmunol
2011;231(1–2):78–85.

110. Wee Yong V. Inflammation in neurological disorders: a help or a
hindrance? Neuroscientist 2010;16(4):408–20.

111. Frangou S, Lewis M, Wollard J, Simmons A. Preliminary in vivo
evidence of increased N-acetyl-aspartate following eicosapentanoic
acid treatment in patients with bipolar disorder. J Psychopharmacol
2007;21(4):435–9.

112. Puri BK, Counsell SJ, Hamilton G, Richardson AJ, Horrobin DF.
Eicosapentaenoic acid in treatment-resistant depression associated
with symptom remission, structural brain changes and reduced
neuronal phospholipid turnover. Int J Clin Pract 2001;55(8):
560–3.

113. Gold PW, Licinio J, Pavlatou MG. Pathological parainflammation and
endoplasmic reticulum stress in depression: potential translational
targets through the CNS insulin, klotho and PPAR-γ systems. Mol
Psychiatry 2013;18(2):154–65.

114. McNamara RK, Able J, Liu Y, Jandacek R, Rider T, Tso P, Lipton
JW. Omega-3 fatty acid deficiency during perinatal development
increases serotonin turnover in the prefrontal cortex and decreases
midbrain tryptophan hydroxylase-2 expression in adult female rats:
dissociation from estrogenic effects. J Psychiatr Res 2009;43(6):
656–63.

115. Guu TW, Mischoulon D, Sarris J, Hibbeln J, McNamara RK, Hamazaki
K, Freeman MP, Maes M, Matsuoka YJ, Belmaker RH, et al.
International Society for Nutritional Psychiatry Research practice
guidelines for omega-3 fatty acids in the treatment of major depressive
disorder. Psychother Psychosom 2019;88(5):263–73.

Fish consumption and chronic disease 1133


	Fish Consumption and the Risk of Chronic Disease:An Umbrella Review of Meta-Analyses ofProspective Cohort Studies
	Introduction
	Methods
	Systematic search
	Selection of meta-analyses
	Data extraction
	Assessment of methodological quality
	Statistical analysis
	Quality of the evidence

	Results
	Characteristics of included meta-analyses
	Methodological quality
	Quality of the evidence
	Fish consumption and the risk of cardiometabolic disease and mortality
	Fish consumption and site-specific cancer risk
	Fish consumption and other outcomes
	Nonlinear dose-response meta-analysis
	Heterogeneity
	Publication bias

	Discussion
	Conclusions
	Acknowledgments
	References


