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aFirst Affiliated Hospital of Soochow University, Jiangsu Institute of Hematology, Suzhou, Jiangsu, China; bHematology Department,
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ABSTRACT
Objectives: Whether a relationship between fish consumption and non-Hodgkin lymphoma
(NHL) risk exists is an open issue. We carried out a meta-analysis to explore this association
according to the published observational studies.
Methods: We performed a search of databases in MEDLINE and EMBASE to identify relevant
studies. We derived meta-analytic estimates using random-effects models, and assessed
between-study heterogeneity using the Cochran’s Q and I2 statistics.
Results: We identified a total of seven case–control and two prospective cohort studies,
including 7696 subjects with NHL. The summary relative risks (SRRs) estimated for NHL were
0.80 (95% confidence intervals (CIs): 0.68–0.94) for those in the highest fish consumption
category compared with those in the lowest consumption category. There was evidence of
significant heterogeneity across studies (Q = 26.72, Pheterogeneity = 0.002, I2 = 66.3%). Stratified
analysis by study design indicated that a significant risk association between fish
consumption and NHL was observed in case–control studies, but not in cohort studies. Based
on the dose–response meta-analysis, the SRRs of NHL were 0.85 (95% CIs: 0.71–1.01) for
three servings increased per week of fish consumed with evidence of significant
heterogeneity (Pheterogeneity = 0.007, I2 = 63.9%).
Conclusions: Findings from our meta-analysis indicate that consumption of fish may be not
related to NHL risk.

KEYWORDS
Dose–response analysis;
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Introduction

Non-Hodgkin lymphoma (NHL) is a heterogeneous
group of malignancies arising from the lymphoid
tissue of immune system, which ranks the seventh
most commonly malignant tumor among men and
women in the USA [1]. Temporal shifts and geographic
variations in the incidence of NHL point to possible
involvement of environmental factors in lymphomagen-
esis. In addition to immune dysregulation, virus infec-
tion, certain medical conditions [2], and several
lifestyle factors, such as tobacco smoking[3] and
obesity[4], are implicated to play a potential role in the
etiology of this disease. Since the actions of dietary
factors in immune system function have been reported,
the development of NHL has also been linked to some
dietary factors, such as intake of processed meat,
poultry, and other animal products, although the evi-
dence is both inconsistent and limited [5–7].

Consumption of fish is part of the usual diet of most
people worldwide, which is suggested to play a role in
the prevention of several cancers [8,9]. It was reported
that fish intake may lead to reduced colorectal cancer
risk [9], although it may not be associated with risk of

pancreatic cancer [8] and esophageal cancer [10]. The
n-3 fatty acids rich in fish are important components
of cell membranes[11], and play a role in suppressing
mutations, enhanced cell apoptosis and cell growth
inhibition, thus reducing the carcinogenesis [12,13].

To date, several epidemiological studies have
focused on questions of whether intake of fish is
related to NHL risk. Although one study reported a sig-
nificant protective association with NHL risk[14], others
show a non-significant association for fish consump-
tion [6,15–21]. Interestingly, an analysis of Canadian
National Enhanced Cancer Surveillance System data,
which examined the risk of NHL in animal-related occu-
pations, observed an unexpected finding that there
was a substantial reduction in the risk of NHL among
those in fishing occupations (odds ratio = 0.6) [22].
Researchers hypothesized that this inverse association
may be due to increased dietary fish intake in people
who work in fish-related occupations [22].

No quantitative reviews were available to date for
the development of NHL with consumption of fish.
We therefore preformed the meta-analysis to assess
this association following the guidelines of meta-analy-
sis of observational studies in epidemiology [23].
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Methods

Data sources and searches

Studies were included if they were published in
English-language journals up to 30 June 2014 and
reported the association between fish consumption
and the incidence of NHL. Two independent research-
ers (Y.L. and S.W.Y.) performed a search of databases
MEDLINE and EMBASE using the following text word:
(1) cancer OR lymphoma, (2) seafood OR fish OR
shellfish, (3) case–control OR cohort. Additional
studies were retrieved by reviewing the reference
lists of the relevant articles.

Study selection

Articles were included according to following criteria: (1)
studies were published as an observational study using
a case–control or cohort design, and (2) studies pre-
sented rate ratios/odds ratios and their corresponding
95% confidence intervals (CIs) for risk of NHL relating
to fish intake with the lowest category as the reference.
Two of us (Y.L. and S.W.Y.) independently assessed titles
and abstracts of potentially eligible studies. Discrepan-
cies were resolved by discussion. We excluded exper-
imental and mechanistic studies, non-peer-reviewed
articles, ecologic assessments, and correlation studies.
If separate reports from the same study were published,
the ones with larger cases were included.

Data extraction

From the included studies, two of us (Y.L. and S.W.Y.)
extracted the information independently. Disagree-
ments between reviewers were resolved by consensus.
We included the following data: the first author’s last
name, locations, design, publication year, case and
comparator group size, dietary questionnaire, adjusted
confounders, and odds ratio or risk ratio estimates with
corresponding 95% CIs for the highest vs. lowest intake
level. Only the relative risk (RR) estimates for fresh fish
were extracted, in case that studies presented data on
fresh and other types of fish, respectively [14,16,20].
We counted one study [19] as two separate one,
which reported the results according to t(14;18)
status, one of the most common chromosomal
abnormalities in NHL [19].

Statistical methods

We estimated the weighted RRs (95% CIs) of NHL for
fish consumption using the inverse variance method
under a random effect model [24]. We calculated
summary relative risk (SRR) and 95% CI to measure
the impact of the highest level of fish consumption
on the risk of NHL.

Assessment of heterogeneity was performed using
both Cochran’s Q (testing the heterogeneity among
studies) and I[2] (determining the degree of inconsis-
tency across studies). For Q statistics, heterogeneity
exists when a P value was less than 0.1. I[2] value
over 50% indicates that substantial heterogeneity
may be present, and less than 25% is considered to
have no significant heterogeneity [25]. We carried out
strata and linear meta-regression analysis based on
geographic locations (Europe, America, and Asia),
study design (case–control vs. cohort study), and type
of food frequency questionnaires (FFQ, validated vs.
not validated). Confounders were defined as smoking
status, body mass index (BMI), alcohol use, and
dietary energy intake. We also examined the associ-
ations for subtypes of NHL (diffuse large B-cell lym-
phoma (DLBCL), follicular lymphoma (FL), and small
lymphocytic lymphoma/chronic lymphocytic leukemia
(SLL/CLL)) because of their different etiopathogenesis.

We then conducted sensitivity analyses to test the
robustness of our findings: whether the results would
be markedly affected by a single study, whether
repeated analysis by a fixed-effects model would gen-
erate similar results.

When performing linear dose–response analysis, we
calculated the RR per three servings per week increase
of fish consumption. We used generalized least-squares
trend estimation analysis or variance-weighted least
squares regression analysis for trend estimation
[26,27]. For two studies that reported results for fish
intake in grams/1000 kcal/day [6,21], we derived ser-
vings using the average energy intake reported in the
articles and by assuming that one serving equals
100 g. Means or medians of the intake categories
were used when reported in the articles. In case
medians were unavailable, we used the average
intake level in each category. Zero consumption was
used as boundary when the lowest category was
open ended and if the highest category was open
ended, we calculated the open-ended boundary using
an interval length of the width of the closest interval.

Publication bias was assessed by visual inspection of
asymmetry in funnel plots and the further Begg’s
adjusted rank correlation and Egger’s regression test
[28,29]. To reduce the potential influence of publication
bias, we used the trim-and-fill method [30]. STATA,
version 11.0 was used for all statistical analyses
(STATA, College Station, TX, USA), and a two-sided P
values <0.05 were considered to be statistically
significant.

Results

Search results and study characteristics

The detailed steps of our literature search are shown in
supplementary Figure 1 (all supplementary material is
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available online at http://www.maneyonline.com/doi/
suppl/10.1179/1607845414Y.0000000215). In brief, our
search found a total of 3017 publications according
to the search strategy, of which 45 were considered
of potential value and the full text was retrieved for
detailed evaluation. From the reference review, we
included additional five articles. Thirty-two non-rel-
evant publications were subsequently excluded from
the meta-analysis, four were excluded because they
did not report the RR estimates and/or corresponding
95% CIs, or sufficient information to calculate them.
Five articles were excluded since they reported the
same studies. Thus, the present analyses were based
on nine studies (Table 1): two prospective cohort
[6,15], four population-based [18–21], and three hospi-
tal-based case–control studies [14,16,17]. A total of
7696 subjects with NHL are included. Six studies were
from the USA; the remaining three studies were from
Italy, Canada, and Japan, respectively. FFQ were utilized
to evaluate dietary data on fish consumption in all
studies. Only one study [14] reported a significantly
decreased risk of NHL with fresh fish intake; and the
remaining eight studies presented non-significantly
inverse relationships.

Overall analysis

As shown in Fig. 1, according to a random-effects
model, the SRRs estimated for NHL for the highest
group compared with the lowest group of fish intake
were statistically significant (SRRs = 0.80, 95% CIs:
0.68–0.94). There was evidence of strong heterogeneity
across these studies (Q = 26.72, Pheterogeneity = 0.002,
I[2] = 66.3%).

In stratified analysis of study design, we observed a
lower RR of NHL in case–control studies (SRRs = 0.77,
95% CIs: 0.67–0.87; n = 7 studies), but not in cohort
studies (SRRs = 1.05, 95% CIs: 0.90–1.22; n = 2 studies).
Furthermore, subgroup analyses by source of control
showed an inverse association in both hospital-based
(SRRs = 0.73, 95% CIs: 0.57–0.94) and in population-
based case–control studies (SRRs = 0.80, 95% CIs:
0.68–0.94).

Excluding two studies which were conducted in
Japan and in Italy, respectively, the SRRs were still sig-
nificant for studies conducted in America (SRRs = 0.79,
95% CIs: 0.64–0.97; Pheterogeneity = 0.001, I[2] = 71.2%).
Whether or not adjusted by smoking status signifi-
cantly altered the risk association between fish con-
sumption and NHL risk (adjusted by smoking: SRRs =
0.93, 95% CIs: 0.76–1.15; not adjusted by smoking
status: SRRs = 0.75, 95% CIs: 0.65–0.86; P for difference
= 0.085). Whereas type of FFQ (validated vs. not vali-
dated) and whether or not adjusted by BMI, alcohol
drinking and dietary energy intake did not significantly
change the summary risk estimates (Table 2).

We then conducted a meta-regression analysis to
investigate the impact of the above study character-
istics on the association between fish consumption
and NHL risk. Both study design (P = 0.042) and con-
founders adjusted for smoking status (P = 0.085) were
significant factors for the association between fish
intake and NHL risk.

The sensitivity analysis revealed that none of the
studies significantly influenced the summary risk esti-
mates, with the pooled RRs ranging from 0.81 (95%
CIs: 0.65–0.97) after excluding study from Hu et al.
[31] to 0.88 (95% CIs: 0.76–0.99) after excluding study
from Charbonneau et al. [14]. When the analysis was
repeated using a fixed-effects model, the results were
essentially the same (data not shown).

NHL subtypes

Three studies[6,14,21] presented risk estimates for the
association between fish consumption and NHL sub-
types, respectively. We found that consumption of
fish was not associated with the development of FL
(SRRs = 0.90, 95% CIs: 0.56–1.45; Pheterogeneity = 0.033,
I[2] = 70.7%), DLBCL (SRRs = 0.79, 95% CIs: 0.48–1.30;
Pheterogeneity = 0.030, I[2] = 71.4%), and SLL/CLL (SRRs
= 0.87, 95% CIs: 0.64–1.18; Pheterogeneity = 0.183, I[2] =
41.1%; Fig. 2).

Publication bias

Egger’s test revealed evidence of publication bias (P =
0.026), but Begg’s test did not (P = 0.152; supplemen-
tary Figure 2). The trim-and-fill method indicated that
no additional risk estimate was needed to balance
the funnel plot, and the summary risk estimates were
not changed.

Dose–response analysis

Seven studies could be used in the dose–response
meta-analysis of fish consumption and risk of NHL
[6,14–16,19–21]. The SRRs of NHL were 0.85 (95% CIs:
0.71–1.01) for three servings increased fish consumed
per one week, with evidence of significant heterogen-
eity across these studies (Pheterogeneity = 0.007, I[2] =
63.9%; Fig. 3).

Discussion

The important effects of dietary intake on cancer pre-
vention have been received much attention recently
[10]. The present meta-analysis showed a role of fish
consumption in the lowering of NHL risk. Based on
the highest vs. lowest analysis in a random-effects
model, we found there was a 20% decreased risk of
NHL (95% CIs: 0.68–0.94). Significant heterogeneity
was observed among these studies, which may be
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Table 1. Characteristics of studies of fish consumption and risk of non-Hodgkin lymphoma.

Author/year/country
Study
design

Case n, control,
or participants, N Type of questionnaire Case ascertainment Exposure details

RR (95% CI)
(highest vs. lowest) Adjustments

Chiu/1996/USA [15] Cohort N = 98 030 Self-administered, FFQ-126, validated Cancer registries Total fish 0.81(0.49–1.35) Age, total energy intake
n = 104 >6 vs. <4, servings/month

Fernandez/1999/Italy [16] H-B n = 200 Interviewer, FFQ 37 items, NA Histological Fresh fish 0.7 (0.5–1.1) Age, sex, residence, education, smoking, alcohol
consumption, BMI

7990 controls ≥2 vs. <1, servings/week
Matsuo/2001/Japan [17] H-B n = 333 Self-administered questionnaire, NA Histological Total fish 0.89 (0.70–1.12) Age. sex

55904 controls 3–4 vs. less, servings/week
Cross/2006/USA [18] P-B n = 458 Self-completed FFQ-117, validated Histological Total fish 0.73 (0.49–1.10) Age, sex, study site, physical activity, total caloric

intake, alcohol consumption
383 controls Q4 vs. Q1

Hu/2008/ Canadia [20] P-B n = 1666 Self-completed FFQ-60, validated Histological Fresh fish 0.9 (0.7–1.1) Age, province, education, BMI, alcohol use, smoking,
vegetable and fruit intake, and total energy intake;

5039 controls ≥0.9 vs. <0.5 Servings/week
CHIU/2008/USA [19] P-B n = 385 Self-completed FFQ-30, NA Histological Total fish 0.7 (0.4–1.5) t(14;18)-positive

0.5 (0.3, 1.0) t(14;18)-positive
Age, sex, type of respondent, family history of cancer,
BMI

1432 controls ≥1 vs. <0.5, servings/week
Daniel/2012/USA [6] Cohort N = 302 162 Self-completed FFQ-124, validated Cancer registries Total fish 1.07 (0.96–1.16) Age, sex, education, family history of cancer, race, BMI,

smoking, physical activity, intake of alcohol, fruit,
vegetables, and total energy

n = 3611 23.1 vs. 2.1 g/1000 kcal/day
Charbonneau/2013/USA
[14]

H-B n = 603 Self-administered FQ-128, validated Histological Fresh fish 0.61 (0.46–0.80) Age, sex, total energy, residence

1007 controls >2.1 vs. none servings/
month

Ollberding/2013/USA [21] P-B n = 336 Self-completed FFQ-117, validated Histological Total fish 0.8 (0.6–1.2) Age, sex, education, total energy intake
460 controls >10.4 vs. <4.7 g/1000 kcal/

day

H-B, hospital-based case–control study; P-B, population-based case–control study; BMI, body mass index; FFQ, food frequency questionnaire; NA, data not available.
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partially ascribed to discrepancy in confounder
adjusted by smoking status and study design. Dose–
response meta-analysis showed that the SRRs of NHL
were 0.85 (95% CIs: 0.71–1.01) per three servings per
week increase in fish consumption.

Results from our meta-analysis observed that fish
consumption was inversely associated with NHL risk
in case–control studies (SRRs = 0.77, 95% CIs: 0.67–
0.87), which drove the main findings, but not in
cohort studies (SRRs = 1.05, 95% CIs: 0.90–1.22). Case–

control design is more susceptible to recall biases
and selection bias than cohort design. In fact, exposure
information was obtained after NHL diagnosis in
several case–control studies included in the analysis;
these data may be subject to recall bias and inaccurate
measurements of fish intake. Furthermore, it is more
likely for cases to over report foods considered
unhealthy and underreport foods considered healthy
in an attempt to explain their illness. Thus, we should
treat our results with caution because the overall

Table 2. Stratified meta-analyses of fish consumption and risk of non-Hodgkin lymphoma.
Tests for heterogeneity

Characteristics No. of studies SRR (95% CI) Q Pheterogeneity I[2](%) Pdifference

All 9 0.80 (0.68–0.94) 26.72 0.002 66.3
Design
Cohort 2 1.05 (0.90–1.22) 1.12 0.290 10.7 0.042
Case–control 7 0.77 (0.67–0.87) 8.39 0.300 16.5
Population-based 4 0.80 (0.68–0.94) 3.74 0.443 0
Hospital-based 3 0.73 (0.57–0.94) 4.30 0.117 53.5

Geographic locations
Italy 1 0.70 (0.68–1.45) – – – 0.732
America 7 0.79 (0.64–0.98) 24.28 0.001 71.2
Japan 1 0.89 (0.70–1.12) – – –

Validated FFQ
Yes 6 0.83 (0.67–1.02) 18.91 0.002 73.6 0.176
No 3 0.76 (0.61–0.95) 3.69 0.291 18.8

Adjustments
BMI, yes 4 0.84 (0.66–1.06) 12.15 0.016 67.1 0.430
No 5 0.77 (0.66–0.89) 4.33 0.363 7.6
Smoking, yes 3 0.93 (0.76–1.15) 5.66 0.059 64.7 0.085
No 6 0.75 (0.65–0.86) 6.2 0.401 3.2
Dietary energy intake, yes 6 0.83 (0.67–1.02) 18.91 0.002 73.6 0.176
No 3 0.76 (0.61–0.95) 3.69 0.291 18.8
Alcohol, yes 4 0.89 (0.73–1.10) 8.23 0.042 63.5 0.176
No 5 0.74 (0.63–0.88) 6.19 0.289 19.2

BMI, body mass index; FFQ, food frequency questionnaire. Note: Bold text indicates statistical significance

Figure 1. High vs. low meta-analyses of fish intake and risk of non-Hodgkin lymphoma. Studies are subgrouped according to the
design.
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findings of reduction in NHL risk should be
overemphasized.

Individual studies generally had low statistical
power to address the association between fish con-
sumption and subtypes of NHL because information
on this association is sparse. Thus, a major strength of
this study was the opportunity to resume the available

evidence and to provide separate summary estimates
for several NHL subtypes. Accordingly, we found that
the relation between fish consumption and NHL was
not statistically significant for various cancer subtypes.
We should note that our results may be only due to
chance, because they were based on only three
studies. More studies focusing on the association

Figure 2. High vs. low meta-analyses of fish intake and risk of the subtypes of non-Hodgkin lymphoma. FL, follicular lymphoma;
DLBCL, diffuse large B-cell lymphoma; SLL/CLL, small lymphocytic lymphoma/chronic lymphocytic leukemia.

Figure 3. Linear dose–response meta-analyses of fish intake (per three servings per week) and the risk of non-Hodgkin lymphoma.
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between NHL subtypes and fish consumption are
needed.

Several potential mechanisms have been suggested
to explain why fish intake may play a preventive role in
the development of cancers. Fish is an ideal source of
long-chain n-3 polyunsaturated fatty acids (PUFAs),
which play a role in suppressing mutations, enhanced
cell apoptosis and cell growth inhibition, thus reducing
the carcinogenesis for various sites [12,13]. Results from
two case–control studies have shown that supplement-
ing the diet with n-3 PUFAs was inversely associated
with NHL risk [14,32]. Furthermore, the preventive
effects of dietary n-3 PUFAs on the development and
progression of certain types of cancer have been
observed in animal studies [33,34].

The advantages of the current study include as fol-
lowing: (1) to our knowledge, this study is the first to
quantitatively review the association between fish con-
sumption and NHL risk; (2) study populations in the
included studies were as homogeneous as possible
because we used the comprehensive and extended
exclusion criteria; (3) the ascertainment of NHL was
from histological findings in most of the included
studies, except two cohort studies [6,15].

However, the current meta-analysis has several
shortcomings. First, our findings were likely to be
influenced by imprecise assessments of dietary fish
intake, which could have led to overestimation of the
range of intake and underestimation of the magnitude
of the relationship between dietary intake and cancer
risk [35,36]. The ranges and units of fish intake varied
considerably across the studies. For example, results
according to servings per week, grams per day, and ser-
vings per month were reported in some studies, and
quartiles of fish consumption without demarcating
the cut-points were reported in the other study [18].
In addition, validated dietary questionnaires were not
available in several studies [16,17,19]. However, sub-
group analyses showed that use of a validated vs.
non-validated FFQ did not significantly modify the
relationship between dietary fish intake and NHL risk.

Second, severe heterogeneity is found across the
included studies (Q = 26.72, Pheterogeneity = 0.002, I[2] =
66.3%), which may be partially explained by varying
definitions of fish in different studies. Three of the
nine studies provided data on consumption of fresh
fish and other types of processed fish, but we selected
only data on fresh fish consumption [14,16,20].
Although the association between processed fish
intake and risk of NHL remains in conclusive, an
enhanced risk of cancer associated with consumption
of salted fish has been suggested in several studies
[37,38]. Compared with fresh-water fish, marine fish
contain higher levels of n-3 and lower levels of n-6
fatty acids. It is reported that although n-3 fatty acids
may protect against cancer development, n-6 fatty
acids may not be the case [33,39]. Smoked fish or

processed foods are found to generate chemical carci-
nogens such as nitrites and their related compounds,
or food mutagens such as heterocyclic amines, which
may induce immunotoxicity [40], and be associated
with an increased risk of lymphoma in rodents [41].
However, we assessed only total fish consumption
because most of these studies were not primarily
designed to investigate the effect of fish consumption
on NHL risk, and did not specify what type of fish was
consumed.

Third, given that the recognized risk factors in the
etiology of NHL remain largely unclear, residual con-
founders are always of concern in observational
studies. In nutritional epidemiological studies, adjust-
ment for total energy intake is important to account
for potential confounding factors by dietary correlates
[42]. A recent meta-analysis by Tramacere et al. [43]
observed evidence of a favorable role of alcohol drink-
ing on NHL risk, although lacking a biological expla-
nation for this. Additionally, obesity is also suggested
to be a risk factor for NHL [4]. In stratified analyses
according to studies whether or not adjusted by
these potential confounders, there was no significant
alterations in the null or inverse association between
fish intake and NHL risk.

Tobacco smoking is a potential risk factor for NHL
development [3]. In the current meta-analysis,
whether or not adjusted by smoking status significantly
altered the risk association between fish consumption
and NHL risk (SRRs: 0.93 vs. 0.75; P for difference =
0.085), which indicates smoking status may be one of
the confounding factors for this association.

Forth, a degree of publication bias is unavoidable
since we included only articles published in English
and small studies with null results tend to be unpub-
lished. In fact, our analysis provided evidence for
such bias according to Egger’s test (P = 0.026).
However, based on the further trim-and-fill method,
no additional risk estimates were included to balance
the funnel plot, and the summary risk estimates for
this association remained unchanged.

In conclusion, from the present meta-analysis, we
still cannot draw definite conclusion that fish con-
sumption play a favorable role in the prevention of
NHL, because our evidence is largely limited to
case–control studies, whereas cohort studies have pro-
duced conflicting results. More epidemiological
studies with prospective designs that control for
important confounders and focus on the incidence
of NHL relative to different levels of fish consumption,
different types of fish in the diet are warranted to
verify our findings.
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