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ABSTRACT

Fish consumption is associated with a reduced risk of cardiovascular diseases (CVDs) partly ascribed to the high content of long-chain (LC) n–3
PUFAs; however, not all fish types are equally rich in these components. To date, it is not clear whether the beneficial effects of fish consumption
are shared by fatty and lean fish. Therefore, the aim of this meta-analysis was to synthesize knowledge regarding the relation between the intake
of fatty fish or lean fish and the risk of cardiovascular events and all-cause mortality. We conducted a systematic search in PubMed, Web of Science,
and Embase until May 2021 for full text with a prospective design involving humans providing data for the highest compared with the lowest fish
consumption categories. Summary risk ratios (RRs) and 95% CIs were estimated using a random-effects model. Out of 1902 articles retrieved from
the literature search, 19 reports met the criteria for inclusion in the meta-analysis. Altogether, studies on fatty fish comprised 1,320,596 person-years
of follow-up, 20,531 incident coronary heart disease (CHD) cases, 9256 incident CVD cases, and 104,763 total deaths. Studies on lean fish comprised
937,362 person-years of follow-up, 21,636 incident CHD cases, 7315 incident CVD cases, and 16,831 total deaths. An inverse association was present
for fatty fish with CHD incidence (RR: 0.92; 95% CI: 0.86, 0.97), CHD mortality (RR: 0.83; 95% CI: 0.70, 0.98), and total mortality (RR: 0.97; 95% CI: 0.94,
0.99). This was not the case for lean fish. The summary estimates for CVD incidence and mortality did not show significant association with both
fatty fish and lean fish consumption. The study findings are innovative in highlighting that the health benefits so far linked to fish consumption are,
in fact, driven by fatty fish. Adv Nutr 2022;13:1554–1565.

Statement of Significance: Current guidelines for cardiovascular disease prevention in the healthy adult population recommend the
habitual consumption of fish with special emphasis on fatty fish. Over the years, a number of prospective cohort studies has provided data
on the association between fatty fish or lean fish and cardiovascular events, but to date, a comprehensive evaluation of the evidence relative
to distinct fish categories is lacking.

Keywords: fatty fish, lean fish, CHD incidence, mortality, meta-analysis, cohort studies, all-cause mortality, cardiovascular disease, coronary heart
disease

Introduction
Cardiovascular diseases (CVDs) are the major cause of death
and disability worldwide. It has recently been estimated that
coronary heart disease (CHD) alone accounts for 16% of all
deaths globally (1), and that the prevalence of death from
CVD will exceed 23.6 million people by 2030 (2).

Against this scenario, a balanced diet has been iden-
tified as a potential key lever to avoid premature deaths.
Indeed, a large body of evidence from both epidemiological
and intervention studies indicates that appropriate food

consumption may markedly reduce CVD risk and, in partic-
ular, the development and progression of atherosclerosis (3).
It has been estimated that by optimizing dietary patterns, 1
in every 5 premature cardiovascular deaths in Europe could
have been prevented in the year 2016 (4).

Fish consumption has been consistently associated with
a reduced risk of CHD and total CVD in a number of
meta-analyses of prospective cohort studies and, therefore,
its habitual consumption is usually recommended in the
context of a balanced and healthy diet (5–11). Data from
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dose-response analyses indicate that the consumption of fish
associated with the greatest CHD risk reduction (–12%),
ranges from 3 to 4 servings per week (11). Smaller amounts
(100–150 g/wk) are also associated with a significant CHD
risk reduction, although of a lesser magnitude (–4% to –7%)
(5, 8–10). Conversely, for higher intakes (>4 servings/wk)
the available data do not indicate any further advantage and,
if anything, there are suggestions of possible drawbacks for
health; this has to be taken into consideration, also in light of
the relevant ecological impact of fishing and aquafarming.

The cardiovascular benefits of moderate fish consumption
are generally ascribed, at least in part, to its high content
of long-chain (LC) n–3 PUFAs: EPA (20:5 n–3) and DHA
(22:6 n–3) (12). However, not all fish species are equally
rich in these components; fatty fish provides ≤10-fold
higher amounts of n–3 PUFAs than lean fish (13). To
date, there is no standard definition for fatty fish or lean
fish, but a cut-off of 4 g/100 g has been widely used in
prior studies to distinguish fatty (≥4 g/100 g; salmon, tuna,
herring, kippers, mackerel, eel, and sardines) from lean fish
(<4 g/100 g; cod, plaice, shellfish, hake, saithe, seabass,
seabream, sole) (13–24). Notably, fat quality also differs
between these 2 categories as well as the content of other
nutrients such as cholesterol, calcium, sodium, potassium,
iron, and vitamin D (Supplemental Table 1). These relevant
nutritional differences may in turn have an impact on the
health effects associated with fish consumption (25).

Current guidelines for CVD prevention in the healthy
adult population (26, 27) recommend the habitual consump-
tion of fish with special emphasis on fatty fish. However,
this specification is mainly based on the extensive available
evidence supporting the beneficial effects of n–3 PUFAs,
rather than on a clear demonstration of an inverse relation
of fatty fish consumption with clinical outcomes (26–28). On
the other hand, there is no clear evidence of whether lean fish
is also associated with a reduced cardiovascular risk. Over
the years, a number of prospective cohort studies (13, 14,
15–24, 30–36) has provided data on the association between
fatty fish or lean fish and cardiovascular events, but to date, a
comprehensive evaluation of the evidence relative to distinct
fish categories is lacking.

The aim of this work was to meta-analyze cohort studies
exploring the relation of fish consumption with CVD-related
morbidity and mortality, as well as all-cause mortality, in
order to provide comprehensive evidence for the association
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of fatty fish or lean fish consumption with CVD-related
endpoints and all-cause mortality.

Methods
Search strategy
We performed a literature search (from the earliest available
online indexing year until 30 May, 2021) in PubMed, Embase,
Scopus, and Cochrane Library databases for prospective
cohort studies examining the association between either
fatty fish or lean fish and risk of selected cardiovascular
outcomes according to PRISMA (Preferred Reporting Items
for Systematic reviews and Meta-Analyses) guidelines (36).
We used this specific search strategy (fish or lean fish or
fatty fish or shellfish or canned fish or cod or mussels
or prawns or mackerel or eel or herring or salmon or
bluefish or tuna or halibut) and (consumption or intake or
serving or eating) and (myocardial[title] or coronary[title]
or mortality[title] or cardiovascular[title] or ischemic[title]
or stroke[title] or cerebrovascular[title] or death[title] or
fatal[title] or fatality[title] or vascular[title] or heart[title]
or events[title] or event[title] or prognosis[title] or prog-
nostic[title] or survival[title]). We also performed additional
manual searches through the reference lists of original
publications and review articles to identify further pertinent
studies. The search was limited to human studies and was
restricted to articles written in English. This meta-analysis
has been registered on Prospero (https://www.crd.york.ac.
uk/PROSPERO) as CRD42021265134.

Selection criteria
Studies were considered for inclusion in the present meta-
analysis if they met the following criteria: 1) the authors
reported data from an original, peer-reviewed study (not
reviews, conferences, and letters); 2) the study had a prospec-
tive design; 3) the authors reported risk ratios (RRs), or HRs,
with 95% CIs for fatty fish and/or lean fish consumption;
4) the investigators reported ≥1 of the outcomes of CVD
risk, including incidence of total CVD and CHD, or CVD
and CHD mortality, or all-cause mortality. We included
only prospective cohorts to minimize recall and selection
bias.

Two investigators (IC and AG) conducted a 2-stage
selection process to identify eligible studies: an initial
screening of titles and abstracts, followed by an evaluation of
all potentially relevant full-length articles. Any discrepancy
was resolved by discussions with another investigator (MV).
Studies were excluded if they failed to meet the criteria
detailed above.

Data extraction and quality assessment
Two investigators (IC and AG) independently reviewed
each eligible study, and the following data were extracted:
first author’s name, publication year, cohort name, geo-
graphical location, age of participants at baseline, duration
of follow-up, the number of CVD events, the number of
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TABLE 1 Quality of the evidence by the NutriGrade scoring system

Fatty fish Lean fish

Total CHD incidence (fatal and nonfatal) Moderate (score: 6.4) Moderate (score: 6.8)
CHD mortality Low (score: 5.9) Low (score: 5.9)
Total CVD incidence (fatal and nonfatal) Low (score: 5.0) Low (score: 5.0)
All-cause mortality Low (score: 5.0) Low (score: 5.0)
CHD, coronary heart disease; CVD, cardiovascular disease.

participants/person-years of follow-up, method of assess-
ment of fish consumption, categories of fish consumption,
outcome ascertainment, and adjusted covariates. If the
numbers of participants/person-years and cases were not
provided, the corresponding author(s) were contacted for
further information. All requested data was provided upon
contacting the corresponding authors.

Study quality assessment was performed according to the
Newcastle–Ottawa Quality Assessment Scale (37). Two in-
vestigators independently extracted and assessed the quality
for each study and then compared the results. Scores ranged
from 0 to 9 points, with higher scores indicating higher study
quality.

Data synthesis and analysis
In this meta-analysis, fatty fish and lean fish were considered
the main exposures of interest. Fatty fish was defined as
any fish with a total fat content ≥4 g/100 g (e.g., salmon,
tuna, herring, kippers, mackerel, eel, and sardines); lean fish
included all kinds of fish with a total fat content <4 g/100 g
(e.g., cod, plaice, shellfish, hake, saithe, seabass, seabream,
sole). This cut-off was derived from prior studies, as there
is no standard definition for fatty or lean fish. Notably, fat
quality also differs between these 2 categories, as well as
the content of other nutrients such as cholesterol, calcium,
sodium, potassium, iron, and vitamin D. The nutritional
composition per 100 g of fatty fish or lean fish according to
this definition is provided in Table 1.

RRs were used as the common measure of association
across studies. Studies conducted in 2 independent cohorts
were treated as separate reports. We used the forest plots
to evaluate RRs and 95% CIs of outcomes in the groups
with high versus low fish consumption. Random-effects
meta-analyses were used for all comparisons due to high
heterogeneity in the fixed-effects models, based on the I2 cut-
off. The inverse variance method was used to generate study
weights. The heterogeneity among studies was estimated by
Cochran’s Q test (P <0.05 to be indicative of statistically
significant heterogeneity) and I2 statistic (I2 values of 25%,
50%, and 75% were considered as low, moderate, and
high heterogeneity, respectively) (38). Additional sensitivity
analyses were preplanned and performed by systematically
omitting each study 1 at a time and recalculating the
summary association to test the robustness of the results
and the influence of individual studies on heterogeneity.

Potential publication bias was assessed by the Egger re-
gression symmetry test with significant bias for P <0.10
(39).

All statistical analyses were performed with RevMan 5.4
(Review Manager RevMan—Computer program; Version
5.4; The Cochrane Collaboration, 2020) and R 4.1.0 (The R
Project for Statistical Computing; Version 4.1.0, 2021), and
all tests were 2-sided with a significance level of 0.05 unless
otherwise stated.

In order to evaluate the quality of our meta-analyses we
utilized the NutriGrade scoring system, adapted from the
Grading of Recommendations Assessment, Development,
and Evaluation, and designed specifically to assess the quality
of evidence of meta-analyses of randomized controlled trials
and cohort studies in nutrition research. This scoring system
evaluates the risk of bias, precision, heterogeneity, directness,
publication bias, funding bias, effect size, and dose response
(details are reported in Table 1); accordingly, the quality of a
meta-analysis would be viewed as high-, moderate-, low-, or
very-low when it received 8 to 10, 6 to <8, 4 to <6, or 0 to
<4 points, respectively (40).

Results
Literature search
The results from the literature search and study selection
process are shown in Figure 1. We identified 1902 articles
from PubMed, Embase, Scopus, and Cochrane Library
databases by 30 May, 2021. After 2 rounds of review
and searching citations of retained articles, 128 potentially
relevant studies were initially selected. After evaluating the
full texts, we further excluded 109 studies: 12 articles were not
based on a prospective study design, 20 articles lacked data
for CHD and CVD incidence or CHD and CVD mortality, 2
articles were not written in English, 58 articles reported data
for total fish only, and 17 articles examined the consumption
of fish only within the context of complex dietary patterns.

Study characteristics
The characteristics of identified studies are shown in Supple-
mental Table 2. The included studies for fatty fish comprised
1,320,596 person-years of follow-up, 20,531 incident CHD
cases, 9256 incident CVD cases, and 104,763 total deaths
(811 deaths from CHD). The included studies for lean
fish comprised 937,362 person-years of follow-up, 21,636
incident CHD cases, 7315 incident CVD cases, and 16,831
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FIGURE 1 Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flow chart of the systematic review and
meta-analysis, indicating the results of the search strategy (65).

total deaths (1474 deaths from CHD). The mean follow-
up periods ranged from 4.0 to 40 y. Among the 19 articles
included, 8 were conducted in the USA (13, 14, 16, 18–20, 24,
30), 9 in Europe (15, 17, 22, 23, 29, 31–33, 35), and 2 in Asia
(21, 34). Fish consumption was assessed with validated FFQs
in all studies. The validation method was the 24-h recall or
7-d food records. The amount of fish in the higher exposure
category was ∼25 g/d for fatty fish and 29 g/d for lean fish.
In the lower exposure group, the amounts ranged from 0 to
6 g/d both for fatty and lean fish.

All studies except 2 (19, 24) adjusted for smoking, most
of the studies adjusted for age (13–16, 18–21, 23, 24, 29–
34) and physical activity (13–20, 29–31, 33–35). Most studies
controlled for other risk factors, including BMI (14–23,
29, 31, 33–35), education (14, 15, 17–19, 21, 23, 29–35),
alcohol consumption (14–23, 30, 31, 33–35), total energy
intake (14–23, 29–35), and dietary quality (14–18, 20, 22, 23,
30–35).

The majority of the included studies were rated as
high quality as indicated by the Newcastle–Ottawa Quality
Assessment Scale score (>8), and the mean study quality
scores were 7.8 and 7.9 for fatty fish or lean fish, respectively
(Supplemental Table 3).

Fatty fish, lean fish, and total CHD incidence
Eight articles (15, 17, 20, 24, 31–33, 35) with 14 cohorts
were included in the analysis of fatty fish intake and total

CHD incidence (fatal and nonfatal). Two studies reported
separate data for tuna (20, 24), and 3 reported data by gender
(17, 33, 35). The average follow-up period for the pooled
studies was 12.5 y (ranging from 4 to 26 y). The pooled RR
of CHD incidence for the highest compared with the lowest
category of fatty fish consumption was 0.92 (95% CI: 0.86,
0.97), with moderate heterogeneity (I2 = 42%, P = 0.05)
(Figure 2A). By systematically omitting each study 1 at a
time, the heterogeneity was generated by 4 articles (15, 32,
33, 35), and when these reports were excluded, the asso-
ciation remained statistically significant with no significant
heterogeneity. According to the NutriGrade scoring system,
the quality of evidence on the associations of fatty fish intake
with total CHD incidence (fatal and nonfatal) was moderate
(Table 1).

Nine articles (13, 15, 17, 20, 24, 31–33, 35) with 14
cohorts were included in the analysis of lean fish intake
and total CHD incidence (fatal and nonfatal). Three studies
reported separate data for shellfish (13, 24, 32). The average
follow-up period for the pooled studies was 12.6 y (ranging
from 4 to 26 y). The pooled RR for the highest compared
with the lowest category of lean fish consumption was
1.02 (95% CI: 0.98, 1.06), with no significant heterogeneity
(I2 = 0%, P = 0.86) (Figure 2B). The pooled RR remained
stable when the 3 studies reporting data for shellfish were
excluded (Supplemental Figure 1). Similarly, the meta-
analysis of the 3 studies on shellfish did not show any
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FIGURE 2 Forest plots summarizing the RR with 95% CI of coronary heart disease incidence between the highest and lowest categories
of fatty fish intake (A) and lean fish intake (B). CHD, coronary heart diseases; F, females; M, males; MI, myocardial infarction; RR, risk ratio.

significant association with CHD (Supplemental Figure 2).
According to the NutriGrade scoring system, the quality
of evidence on the associations of lean fish intake with
total CHD incidence (fatal and nonfatal) was moderate
(Table 1).

Studies on the association between either fatty or lean
fish and total CHD were grouped according to the quality
of the study performance and meta-analyses were performed
separately for higher and lower quality studies (Supplemen-
tal Figure 3). This evaluation did not significantly influence
the findings, confirming that in both high- and low-quality
studies a higher consumption of fatty fish is associated
with significantly lower CHD incidence [NOS ≥8: RR 0.93
(95% CI: 0.88, 0.99) (15, 17, 20, 31–33); NOS <8: RR 0.76
(95% CI: 0.63, 0.92) (24, 35)], whereas no such significant

association was present for lean fish [NOS ≥8: RR 1.02
(95% CI: 0.98, 1.06) (13, 15, 17, 20, 31–33); NOS <8:
RR 0.98 (95% CI: 0.82, 1.18) (24, 35)] (Supplemental
Figure 3).

Some articles reported data for CHD mortality only. In
more detail, 3 articles (17, 22, 23) with 6 cohorts were
included in the analysis of fatty fish intake and CHD
mortality. The average follow-up period for the pooled
studies was 18.5 y (ranging from 17 to 20 y). The pooled RR
of CHD mortality for the highest compared with the lowest
category of fatty fish consumption was 0.83 (95% CI: 0.70,
0.98), with no significant heterogeneity (I2 = 0%, P = 0.47)
(Figure 3A). According to the NutriGrade scoring system,
the quality of evidence on the associations of fatty fish intake
with CHD mortality was low (Table 1).
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FIGURE 3 Forest plots summarizing the RR with 95% CI of coronary heart disease mortality between the highest and lowest categories
of fatty fish intake (A) and lean fish intake (B). CHD, coronary heart diseases; F, females; M, males; MI, myocardial infarction; RR, risk ratio.

Five articles (17, 21–23, 34) with 9 cohorts were included
in the analysis of lean fish intake and CHD mortality. One
study reported separate data for shellfish (21), 1 for shrimp
(34), and 1 reported data by geographical area (23). The
average follow-up period for the pooled studies was 14.3 y
(ranging from 8.4 to 20 y). The pooled RR of CHD mortality
for the highest compared with the lowest category of lean
fish consumption was 1.04 (95% CI: 0.89, 1.22), with low
heterogeneity (I2 = 14%, P = 0.32) (Figure 3B). According
to the NutriGrade scoring system, the quality of evidence on
the associations of lean fish intake with CHD mortality was
low (Table 1).

Fatty fish, lean fish, and total CVD incidence
Three cohorts described in 3 articles (16, 30, 32) were
included in the analysis of fatty fish intake and total CVD
incidence (fatal and nonfatal). The average follow-up period
for the pooled studies was 16.6 y (ranging from 4.3 to 19
y). The pooled RR of total CVD incidence for the highest
compared with the lowest category of fatty fish consumption
was 0.94 (95% CI: 0.80, 1.11), with moderate heterogeneity
(I2 = 71%, P = 0.03) (Figure 4A). The heterogeneity
was generated by 1 article (32), and when this report was
excluded, the association remained stable, RR 1.01 (95%
CI: 0.97, 1.05), with no significant heterogeneity (I2 = 0%,
P = 0.90). According to the NutriGrade scoring system, the
quality of evidence on the associations of fatty fish intake with
CVD incidence was low (Table 1).

Three cohorts described in 2 articles (30, 32) were
included in the analysis of lean fish intake in relation to
total CVD incidence (fatal and nonfatal). The average follow-
up period for the pooled studies was 16.6 y (ranging from
4.3 to 19 y). The pooled RR of total CVD incidence for
the highest compared with the lowest category of lean
fish consumption was 1.01 (95% CI: 0.97, 1.05), with no
significant heterogeneity (I2 = 0%, P = 0.77) (Figure 4B).
According to the NutriGrade scoring system, the quality of
evidence on the associations of lean fish intake with CVD
incidence was low (Table 1).

Some articles reported data for CVD mortality only. In
more detail, 2 articles (14, 15) with 3 cohorts were included
in the analysis of fatty fish intake and CVD mortality. The
average follow-up period for the pooled studies was 15.5
y (ranging from 15.1 to 16 y). The pooled RR of CVD
mortality for the highest compared with the lowest category
of fatty fish consumption was 0.94 (95% CI: 0.84, 1.05),
with no significant heterogeneity (I2 = 38%, P = 0.20)
(Figure 5A).

Two articles (15, 34) with 2 cohorts were included in
the analysis of lean fish intake and CVD mortality. One
study reported only data for shrimp (34). The average follow-
up period for the pooled studies was 11.7 y (ranging from
8.4 to 15.1 y). The pooled RR of CVD mortality for the
highest compared with the lowest category of lean fish
consumption was 0.94 (95% CI: 0.82, 1.07), with significant
high heterogeneity (I2 = 87%, P = 0.005) (Figure 5B).
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FIGURE 4 Forest plots summarizing the RR with 95% CI of total cardiovascular disease incidence between the highest and lowest
categories of fatty fish intake (A) and lean fish intake (B). RR, risk ratio.

Fatty fish, lean fish, and all-cause mortality
Five cohorts described in 4 articles (14, 18, 19, 30) were
included in the analysis of fatty fish intake and all-cause
mortality. The average follow-up period for the pooled
studies was 11.3 y (ranging from 5 to 19 y). The pooled
RR of all-cause mortality for the highest compared with the
lowest category of fatty fish consumption was 0.97 (95%
CI: 0.94, 0.99), with no statistically significant heterogeneity
(I2 = 44%, P = 0.13) (Figure 6A). According to the

NutriGrade scoring system, the quality of evidence on the
associations of fatty fish intake with all-cause mortality was
low (Table 1).

Three cohorts described in 3 articles (29, 30, 34) were
included in the analysis of lean fish intake and all-cause
mortality. One study reported separate data for shrimp (34).
The average follow-up period for the pooled studies was
12.7 y (ranging from 8.4 to 19 y). The pooled RR of all-
cause mortality for the highest compared with the lowest

FIGURE 5 Forest plots summarizing the RR with 95% CI of total cardiovascular disease mortality between the highest and lowest
categories of fatty fish intake (A) and lean fish intake (B). F, females; M, males; RR, risk ratio.
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FIGURE 6 Forest plots summarizing the RR with 95% CI of all-cause mortality between the highest and lowest categories of fatty fish
intake (A) and lean fish intake (B). F, females; M, males; RR, risk ratio.

category of lean fish consumption was 0.94 (95% CI: 0.86,
1.03), with borderline statistically significant heterogeneity
(I2 = 65%, P = 0.06) (Figure 6B). The pooled RR remained
not statistically significant when the study reporting separate
data for shrimp was excluded [0.99 (95% CI: 0.96, 1.02)]
(Supplemental Figure 4). According to the NutriGrade
scoring system, the quality of evidence on the associa-
tions of lean fish intake with all-cause mortality was low
(Table 1).

Publication bias and quality of evidence
Publication bias was assessed using funnel plots (Sup-
plemental Figure 5). Visual analysis of the funnel plots
suggested that the associations between fatty fish, lean fish,
and risk of selected cardiovascular outcomes (i.e., total CHD
incidence, CHD mortality, total CVD incidence, and all-
cause mortality) were symmetric and thus at low risk of
publication bias. This was confirmed by the Egger’s linear
regression test.

According to the NutriGrade scoring system, the quality
of evidence on the associations of fatty fish intake with total
CHD incidence (fatal and nonfatal) was moderate and the
quality of evidence on the associations of fatty fish intake with
CHD mortality, total CVD incidence (fatal and nonfatal),
and all-cause mortality was low (Table 1). Regarding lean fish
intake, the quality of evidence on the associations with total
CHD incidence (fatal and nonfatal) was moderate and the
quality of evidence on the associations of lean fish intake with
CHD mortality, total CVD incidence (fatal and nonfatal), and
all-cause mortality was low (Table 1).

Discussion
Prior studies in the healthy adult population have shown
the benefits of total fish consumption on coronary events
and composite CVD outcomes (41–43); however, it remains
unclear whether the beneficial health effects associated
with total fish consumption are shared by both fatty and
lean fish (42). This meta-analysis is the first to focus on
the relation between fatty fish and lean fish consumption
considered separately, and CHD, CVD, and total mortality.
The results indicate that while lean fish is not associated
with CHD, CVD, or total mortality, fatty fish consumption is
significantly associated with a lower risk of coronary events
and total mortality. As for CVD-related mortality, the few
available studies did not show a significant association with
fatty fish intake. However, due to the paucity of data, we
cannot draw firm conclusions. The magnitude of the risk
reduction ranges from 17% for fatal CHD to 8% for total
CHD incidence (fatal and nonfatal), and to 3% for all-
cause mortality; no significant relation with CVD risk was
observed.

These findings are coherent with prior studies, which have
suggested that the benefits of total fish consumption are
strongest for coronary events [such as myocardial infarction
(MI) and CHD death], rather than for composite CVD
outcomes that include stroke (41). Indeed, in a meta-analysis
of observational cohort studies that separately evaluated fatty
and lean fish in relation to the risk of stroke, no significant
beneficial association emerged with fatty fish (44) and lean
fish. The content of LC n-3 PUFAs is the most relevant
difference in the nutritional composition of fatty or lean fish
(Supplemental Table 1), which could explain, at least in part,
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their different relation with health outcomes. LC n–3 PUFAs
— EPA and DHA — have been linked to the promotion of
cardiovascular health (45). In fact, LC n–3 PUFAs contribute
to limit atherosclerotic plaque progression and to stabilize it,
mainly through the inhibition of both smooth muscle cell
proliferation and neovascularization (46), and controlling
the release of matrix metalloproteinases by macrophages
(12, 47). Fish-derived LC n–3 PUFAs also have beneficial
effects on heart electrophysiology thus decreasing the risk
of arrhythmias (48, 49) and sudden cardiac death (50, 51).
These effects have been observed within the ranges of usual
dietary intakes of LC n–3 PUFAs reported for the adult
population (i.e., <750 mg/d), with smaller additional benefits
for higher intakes (52).

Furthermore, a dietary intervention with 500 g per
week of fatty fish (i.e., equivalent to ∼1 g/d of LC n–
3 PUFAs) exerts a cardioprotective effect by inhibiting
platelet-monocyte aggregation (53); a higher dietary LC n–
3 PUFA intake also improves endothelial function (52) by
increasing endothelium-derived vasodilators (50, 54) and
reducing circulating markers of endothelial dysfunction (i.e.,
E-selectin, vascular cell adhesion molecule-1) (52). Finally,
the well-known anti-inflammatory properties of LC n–3
PUFAs (12, 55–57) further contribute to cardiovascular
health.

These data have supported current dietary guidelines
which encourage the consumption of a variety of fish,
preferably fatty types — mainly as a dietary source of
LC n–3 PUFAs — for CVD prevention (27, 58). The use
of supplements with doses of EPA plus DHA that are
substantially higher than those obtained by dietary fish
intake are not recommended for the general population;
however, the American Heart Association indicates fish
oil supplements as a reasonable (but not recommended)
treatment for the secondary prevention of CVD in people
with pre-existing CHD (28, 59).

Our findings not only give further support to dietary
guidelines in promoting fatty fish consumption, but they can
also lead to an improvement of the adherence to dietary
recommendations, since cardiovascular benefits could be
achieved with a smaller quantity of fish consumption —
provided that fatty fish is chosen. Indeed, an amount of 1–
2 servings of fatty fish per week could be more feasible for
most people, as compared to the currently recommended
3–4 servings of total fish. Looking at the limited available
evidence on the relation between intake of fatty fish and
cardiovascular benefits, we could speculate that a weekly
intake of fatty fish starting from 100 g to 150 g may be
sufficient to contribute to CHD prevention. On the other
hand, although lean fish does not provide cardioprotective
benefit, it could be consumed, if desired, within a varied and
balanced diet as a good source of animal protein as well as
other foods of animal origin such as poultry, eggs, and dairy
products.

The preferential consumption of fatty fish should also
be viewed in the context of the so-called “planetary health”
(60, 61), which aims to harmonize human health and

environmental preservation. In fact, the chance to achieve
the largest health advantages with a smaller quantity of
fish contributes to limit further overexploitation of fisheries
(62, 63). Moreover, current evidence linking fish for human
consumption to environmental sustainability (64) supports
the advice of shifting towards the smallest types of fish with
the shortest lifecycle that mainly belong to the fatty type and,
therefore, should also be preferred for their health benefits.

A major strength of our study is that it summarizes, for
the first time in meta-analyses, up-to-date evidence of the
associations between the consumption of different types of
fish (fatty or lean) with CHD/CVD incidence and mortality
and all-cause death. The utilization of meta-analyses allows
a comprehensive and weighted balanced summary of the
available evidence. Furthermore, all the included studies used
a prospective cohort design, which allows a more efficient
control for confounders than other observational studies, and
often represent the best source of evidence in nutritional
epidemiology, as randomized controlled trials are rarely
available. The evidence here provided is moderate, largely
due to the lack of dose-response assessment and the effect
size; it is however, consistent and is supported by biologically
plausible mechanisms of action.

However, several limitations should be acknowledged.
First, residual confounding may persist in our meta-analysis,
though the estimates with the maximum extent of adjustment
for confounders from each study were used in our analyses to
reduce the potential of confounding. Furthermore, it remains
unclear the extent to which fish consumption reduces risk
per se or by substituting “unhealthy foods.” Second, except
for the analysis of the association between fatty fish and
lean fish intakes and total CHD incidence, other analyses
included a limited number of studies; for this reason, it was
not possible to test a dose-response relation. In addition, the
analyses were of low-to-moderate quality, as indicated by the
NutriGrade score. The lack of dose-response assessment and
the effect size were the main components contributing to
the low-moderate range of the NutriGrade system for CHD
and all-cause mortality, and CVD incidence. In addition,
a small number of studies included in the relations with
CVD incidence and all-cause mortality, also contributed
to the low-moderate range. Third, the types of fatty fish
and lean fish consumed varied among countries; moreover,
the evaluation of their consumption was based on self-
administered questionnaires that did not include specific
questions on fatty fish and lean fish intake. Fourth, the
mean follow-up period across the studies is quite wide (4–
40 y); however, to partially account for time effect, for CHD
incidence (the outcome with the large number of studies) we
performed a subgroup analysis based on median of follow-
up (i.e., above or below median) and the findings did not
change (data not shown). Fifth, the studies included in this
meta-analysis did not adjust for the use of supplements that
contained fish oil, a potentially relevant confounder. This
applies to both fatty fish and lean fish, therefore, the risk of
bias is the same for all the included studies and the outcomes
analyzed. In this regard it is also relevant to underline that
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the included studies were conducted involving people in
primary prevention for CHD and CVD for whom the use
of fish oil supplements is not specifically recommended and
the reported percentage of use is rather low, ∼8% of the
population. Finally, some results were affected by significant
heterogeneity. Although it was not possible to definitely
identify the origin of such heterogeneity, we excluded the
presence of publication bias and, moreover, confirmed the
outcomes of the analyses after excluding the studies with
the highest contribution to the heterogeneity of the meta-
analyses.

Conclusion
The study findings are innovative in highlighting that the
health benefits so far linked to fish consumption are, in fact,
limited to fatty fish. Hence, the preferential consumption of
this type of fish, and particularly the species more sustainable
for ecological reasons, should be recommended.

The evidence we provide could also substantiate future
guidelines on diet and CHD prevention: 1 or 2 servings per
week of fatty fish, which are consistent with features of the
traditional Mediterranean diet, are feasible for the majority of
the adult population and could give a significant contribution
to the prevention of CHD at the population level. Moreover,
if fatty fish were properly chosen among the different
species, this recommendation would also contribute to the
preservation of life below water. Future research is needed
to address the unresolved questions around dose-response
relations and in relation to the evaluation of all mechanisms
linking LC n–3 fatty acids and other components of fatty fish
to a reduced risk of CHD and total mortality.
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