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Objective. To examine the association between fish and marine long-chain omega-3 polyunsaturated fatty acid (LC n-3 PUFA)
consumption and incidence of type 2 diabetes (T2D) in prospective cohort studies. Methods. Meta-analytic procedures were used
to estimate the relative risk (RR) using random effects or fixed effects generic inverse variance model. Publication bias and study
heterogeneity were assessed using Egger’s test and I statistic. Results. We found no significant association between the intake of
fish/seafood (pooled RR:1.04; P = 0.63, 95% CI: 0.9 to 1.2, 549, 955 participants) or marine LC n-3 PUFA (pooled RR:1.08, P = 0.39,
95% CI: 0.90 to 1.30, 346, 710 participants) and T2D risk. Significant study heterogeneity was observed in fish/seafood and marine
LC n-3 PUFA studies (P < 0.00001). Subgroup analysis revealed no obvious sources for high heterogeneity. We also found a
significant protective effect of oily fish intake on T2D risk (pooled RR = 0.89, P = 0.005, 95% CI: 0.82 to 0.96). Dose-response
analysis suggested that every 80 g per day intake of oily fish may reduce 20% risk of T2D. Conclusion. We found no significant effect
of fish/seafood or marine LC n-3 PUFA intake on risk of T2D but a significant effect of oily fish intake on risk of T2D.

1. Introduction

Type 2 diabetes (T2D) is the most common form of diabetes
and its prevalence is steadily increasing by about 6.4%
annually worldwide [1]. However the etiology of T2D is
still unclear. Both genetic and environmental factors have
been shown to be involved in T2D incidence. It is well
established that obesity and low physical activity are high
risk factors for T2D [2]. Importantly, dietary factors are also
risk modulators for this disease [3]. Meat consumption [4]
and western diet [5] have been linked to increased T2D risk,
while carbohydrates, fiber [6, 7], green leaf vegetables [8],
and dietary pattern [9] have all been reported to reduce T2D
risk. Interestingly, high intake of fish has been associated
with a reduced incidence of mortality due to cardiovascular
disease [10], which shares many common risk factors with
T2D. Currently, the association between fish intake and T2D
risk is still not fully understood.

It has been reported that in countries with a high
prevalence of obesity, the incidence of T2D is significantly
reduced with high fish and seafood consumption (2.5 +
1.8% versus 0.9 + 0.7%; P = 0.007 and 11.0 + 3.9%
versus 6.2 + 4.1%; P = 0.041 for the 20 to 44 and 45
to 64 year age groups, resp.) [11]. The associations between
high intake of fish/seafood and marine long-chain omega-
3 polyunsaturated fatty acid (LC n-3 PUFA) and incidence
of T2D have been investigated in several prospective cohort
studies [12-22]. However the conclusions are inconsistent.
Three cohort studies showed reduced risk of T2D with high
intake of fish [12, 13, 16], while seven studies showed no
difference or increased risk of T2D with high fish intake
(14, 15,17, 18, 20-22]. Fish types, cooking methods, selenium,
mercury, and other environmental contaminants in fish were
potential factors influencing the results [12]. High intake of
marine LC n-3 PUFA was reported to reduce the risk of T2D
in two cohort studies [13, 19] but to increase T2D risk in



four others [14, 15, 18, 20]. To clarify these associations, we
conducted a meta-analysis of fish/seafood and marine LC
n-3 PUFA intake and T2D incidence in prospective cohort
studies.

2. Methods

2.1. Search Strategy. We searched PubMed, OViD, and
EMBASE databases from their respective launch dates to
May 2013. The searching subject terms in heads, abstracts, or
texts were specified to T2D, fish, seafood, omega-3 fatty acid,
follow-up, prospective studies, and cohort studies. Cross-
references of studies or reviews that were included in the
analysis were also examined.

2.2. Study Selection and Assessment. The eligible studies
had to meet the following criteria: (1) to be a prospective
cohort design and study the association between fish/seafood,
omega-3 fatty acid intake, and the incidence of T2D; (2)
risk ratios or odds ratios have to be available with 95%
confidence intervals (CI), or otherwise the case numbers and
participant numbers in both highest and lowest intake groups
should be available; (3) the method of dietary assessment
had to be reported, and participants should consume either
fish/seafood that includes fish (such as salmon, tuna, trout,
and tilapia) and shellfish (such as shrimp, crab, and oysters),
and/or LC n-3 PUFA (e.g., EPA and DHA); and (4) the
participants at baseline were not already diagnosed as being
diabetic.

We assessed all studies for quality using a scoring system
that accounted for participants (1 point if a power calculation
had been conducted to give the numbers of participants
needed to detect an effect of fish/seafood intake on risk of
T2D and 1 point for appropriate inclusion and exclusion
criteria), outcome (1 point if T2D was confirmed by clinical
criteria or blood tests), assessment of diet (I point if a
validated FFQ was used), relative risk (RR) adjustment for
seven T2D risk factors (age, BMI, family history of diabetes,
physical activity, vegetable intake, fruit intake, and meat
intake) (1 point for each risk factor), and RR adjustment for
other factors such as energy intake (1 point). This scoring
system was designed with reference to [8]. Studies were
assessed as high quality if they had a score of 9-12 points and
moderate quality if they had a quality score of 5-8 points.

2.3. Data Extraction. We extracted data on the diagnosis
of T2D, intake of fish/seafood and marine LC n-3 PUFA,
the adjusted RR, and 95% CI. For those with odds ratio
(OR) data, we converted OR to RR using a previously
published formula [23], and the corresponding CI Values
were also converted. For studies that had separate results
for men and women, we generated a pooled RR for the
total population. We also extracted other information from
each eligible paper, including the country of the study, the
sample size (participants’ numbers) at baseline, the age of
participants, the method of assessing diabetes status, follow-
up years, the types of fish/seafood and marine LC n-3 PUFA
they measured, and the highest and lowest intake amounts of

International Journal of Endocrinology

fish/seafood or marine LC n-3 PUFA (Table1). M. Z and E.
P. D conducted study selection, data extraction, and quality
assessment independently, with disagreements resolved by
consensus after discussion with A. M.

2.4. Statistical Methods. We transformed the RRs by using
their natural logarithms and calculating standard errors and
corresponding CI. Heterogeneity was assessed with the 15
statistic. We calculated the summary RRs and 95% CI for the
highest versus the lowest intake according to Dersimonian
and Laird for the random effects generic inverse variance
model [24] when heterogeneity was found significant (P <
0.05); otherwise the fixed effects generic inverse variance
model was used according to Hedges and Olgin. We also
conducted meta-analysis of stratified samples according to
gender (men and women) and fish/seafood types (e.g., shell-
fish, oily fish, and lean fish). The publication bias was assessed
by the asymmetry of funnel plot and Egger’s regression test
[25]. The meta-analysis was conducted by Review Manager
5.1 (The Nordic Cochrane Centre, The Cochrane Collabora-
tion). A two-tailed P < 0.05 was considered as statistically
significant, and 95% confidence intervals were quoted where
available.

Dose-response analysis for consumption of fish/seafood
and marine LC n-3 PUFA was conducted by using a pre-
viously reported method [10]. We included intake, adjusted
RR, and CI from all related studies except one [17] that had
no quartile information. The median or mean level of fish
or marine omega-3 fatty acid intake was assigned to the
corresponding RR for each study. For those reported ranges of
intake, we estimated the mean intake in each category. When
the lowest dose was open-ended, we set the lower boundary
to zero. When the highest dose was open-ended, we assumed
that the interval length was the same as the adjacent interval
[4]. For publications that provided servings per day for fish
intake, we transformed them into g/day by 100 g per serving
[10]. Linear regression was used to estimate the relationship
between total fish, oily fish and marine omega-3 fatty acid
intake, and incidence of T2D. STATA 11.0 was used for dose-
response analysis.

Subgroup analysis was conducted based on ethnicity
(Asian versus US/European), length of follow-up (<10 years
versus >10 years), assessment of T2D (confirmed by physi-
cian/phone interview/hospital records versus confirmed by
standard criteria/plasma glucose level), sample size (<10,000
versus >10,000), and study quality score (high quality (9-
12 points) versus moderate quality (5-8 points)), as these
factors are possible sources of study heterogeneity. The Mann
Whitney U test was used to calculate the significance of dif-
ferences within subgroups and to detect factors contributing
to heterogeneity.

3. Results

3.1. Selection of Studies. We identified 178 candidate pub-
lications related to fish/seafood intake and risk of T2D
in prospective cohort studies through searching PubMed,
OViD, and EMBASE databases. Among them, 155 articles



International Journal of Endocrinology

ey Ayianoe [edrsdyd pue ‘sajaqerp (P/38T¥1) P/3 8T HI> sy 410 . puejduy .
AMO 1-6L Ov 060 L 0 %hOuwML %TEG.« a:\ém a®w< 4 7861C SNSIOA @\M QTHI< Aﬂw@ AMYM qL 6,-0¥% Aﬂufﬁhoz U@OON [e 39 [93eq
1 . S9oqeIp _ (S00T
(6T'1-1£'0) 96°0 9 J0 10381 A[rurey pue ‘g 98y 14 vocy P/8 0 snsI2A 0< sy [8I0L, €C  69-0F pueur] [¢ 35 TBUOJUOY
o on . [N pue ‘s91oqeIp (P/3 L5°8L) T _ 5600C
(8€T-80'T) TTT L Jo koS Ay amoe eosdyg S VOTS6L  ogccs snsonpBepisc  PUT SBITGL 84797 s o 10 rifsmieyy
Jeawr pue Iy 9[qeadon) uiaje
(yeaw pue gy A[qerdsn) d (P800
(10T-080) 06°0 i Arejarp pue ‘sajoqerp jo L0351y S 9GI9TT 3 o' snston p/3 96/ st 6817 L-0F BUYD  T10T T8 12 SeSIIA
Arurey Ky1anyoe reorsdyd ‘TNg 98y P/ P/o9
JedW pue Iy (/8 818)
(ETT-€L0) 16'0 I ‘o1qesadan Kyanoe rearsdyd smypw 0897S . ma oA 1/3 - USY ysax] 01  65-0%  uede( yI10T e 39 tueN
$319qeIp Jo A103STY ATTure] TN 98y P/o9el PIo¥S6
21008 sjuedonaed sxeaf
(ID %S6) MY pasnlpy R $I0J08] YSII (JZ I, J0J Judunsn(py  o[nrend) - uondwnsuod ysr, ad£y ysty dn By Lomuypyg ysty
Jrend Jo IaquUnN -mof[og
(@
o . (P/397s¢) poojeas/ysy 600T Te 32
(0£T-c0m) Z€T s By 14 uvy p/8 0 sns1aa p/3 9'G¢ eloL, a as< Pina smuoﬁc%w:o\ﬁ uep
e on . [N pue ‘SmI[[ou sajaqerp (P/8 L5°8L) (ysyuy) o7 _ 6002
(8€T-80D) TT'T L Jo A10351Y A[ruurey Ay1anoe [es1sAyq 5 vocsel p/3¢e> sns1oAp/ScHIL<  USY [BIO], S8I-SPL 8L79¢ s Te1 v:mmst
e e ) e ¢ (PBevT1L) .
(€€°€6€°0) £O'T 9 £yanoe Tearsdyd pue TN 98V S 68T LgecssmsonpBepie PUIPOL ql 59< sn  ,I0Z Te 3@ gssnolq
NP 1eaw pue Kranoe [edtsdyd sojoqerp (P/3c¥'6¥) PoOFeas/ysy : .
(0LT-0€'D) 67T 8 Jo K103s1y Teyuared TN 93y s 8Te9e P/ 149 sns1oa p/3 $1°9¢ IeloL, v sv< sn ql10T T2 ¥ pssnola
) B sa32qe1p Jo A10381Y Arurey (P/3£5'87) P/3STVT> _ .
(T€1-78°0) ¥0'T 8 pue Kuanoe reorskyd TG 98y V/N IvCi6 snsIoA p/3 £6°87< Usg [e30L, 8 9%-9¢ Mot €002 Te 32 2Z[nyd2§
. . sajaqerp _ (S00¢
(6T°T-1£°0) 96°0 9 Jo K1osry Afrurey pue g 98y i4 FO<h p/3 0 sns124 < ysy [e30], €T 69-0F Ppue[uUL] S
et a[qeradoa pue 00JB3S/US
(SI'T-980) 66°0 8 —_ bvﬁt.ﬁ MMUW fyd mz 28y ¥ c18bt  p/Asi> snsiapSgrc< b wsc H\ T g9 go-cc adomg  7I07 Te0 pred
. . Aranoe TesrsAyd pue ‘sajoqerp (p/S8T%1) P/S 8T HI> poojeas/ysy . pueSuyg .
(96'0-65°0) 9£°0 L J0 10351y A[rure TN 98V [4 ¥861C sns1oA p/8 7 H1< @0 SL 6L-0% YoIMION ~600C Te 30 [93ed
(yeowr pue 9y 9[qeados) ureped g SITTSUS /US
(L6'0-8L°0) L8O 11 £1e391p pue ‘sajeqerp jo L103s1Y S 6CI9II 3 - AM\:mwwWwv 3 1 m:ﬁ” /8 68TV ¥.-0F BUIYD  4II0C T8 32 se3a[[IA
Arurey Kyranoe reorsyd g 98y pP/e 0¥l P/ T66 7oL
Jeawr pue ynijy dzﬁomg 3
(STT-29°0) ¥80 U chomeosidpoysmgpw p ogogs o PELOD PO g ey ueder 110z o0 e
sa12qeIp Jo A10381Y ATrUure Ng 98y P/s6°S¢ P/89'991 [e30L
(Z1-0) (a8uer) s1eak
(ID %S6) MY pasnlpy 21008 $10)0%J YSLI (JZ[, 10] Juounsn(py  aqmrend) suedppred (3s2MmO] sns1aA 3s9yS1Yy) 2dy dn a8y Lomuypyg PpooJeas/ysty
JO IoquUNN PoOoJeas/ySL.
Arrend uonduwnsuod pooyeas/ysr -MO[[O]

(®)

'sajoqerp ¢ 2d4) Jo MsLI pue aeIUI VINJ £-U DT PUB Ysy ‘poogeas/ysy Surpredar sarpnis papnjoul Jo sonsLIajoeIey)) ;[ 414V],



*[17] s221nos apdnnuu £q passasse sem QgL ) ¢[¢¢] er1oILD onaqerp 0) Surpioooe uerdisAyd £q passasse sem g1 :[ {[61] parodai-jas sem gL, : £[81] BLINLID
OHM/VAV £q passasse sem (g1, ‘H ‘[ST] eL1L0 DAAN £q passasse sem I, 0 (0] ewserd ur [oas] asoon[3 unsejuou/Surisej pue asn UONeIIpaw Aq passasse sem (7.1, :J ¢[F1] BLIID YAV £q passasse sem
AT, T ¢[£1) er1d HAAN Aq passasse sem (.1, 2 ¢[91] sp10d21 [ejrdsoy pue 221n0sax 19YJ0 £q passasse sem (T, 2D ¢[€1] BLINND YV Aq passasse sem (g1, °d <[¢1] eI asauede( £q passasse sem (7.1, 'V -V

International Journal of Endocrinology

312°0) Te1
. ) 3 (P31T°0 . 4600T e 3
(€51-L60) TTT S a8y € WY o8uzoosmsioapS e VHAVAL T SS<wmd g0 Hon s
m .
o . £ £ ¢ ¢ (P/39°0) ¢ .
(19°1-£9'0) 0T 9 nanoe reatskyd pue g 93y ¥ 880 L8 10> snsonp/Bocgc  YHA VA Sl 69< SN ,TI0T e 9ssnolq
e o reaw pue yranoe [edtsdyd ‘sajaqerp (P/B¥€°0) . . )
(65T-2€T) SF'T 8 Jo Kaoysy [eausred Tg 98y S 87€9¢ P800 smsionpBeeg  VHA VAE - ¥TL o Gi< SN 41102 e 3@ ssnolq
ey INg pue ‘sajoqerp (P38 L£0) . S 600C
(IF'1-60'T) ¥T'T L Jo Kxoysty Aprurey Karanoe [eorskygd S 70zs6l p/8 £0°0 sszaa p/3 95°0 VHA ‘Vdd  §81-SF1 8,-9¢ sn 1 %mmsﬁ
3 6%°0) asaur
.. ) £ fud pue ¢ ; (p/36¥0 ; B 1¢/0) .
(ITT-L£°0) £6°0 L nande [edtsdyd pue TN 98y S SLIgy pS1rosnsoapBog  VHAVAT 9 LSE g (1107 TEI Motsog
(veaw pue 9iniy 9[qe3adon) ureyed (P/3810)
(S60-92°0) S8°0 1 Areyorp pue ‘sajaqurp o 410381y S €6179 5 .&:Mum g,  VHA'VAE 68TF ¥L-0F PUlD 10T T2 SeSdqnA
Arurey Kyranyoe reorsdyd ‘TNG 98y P/o 200 P/oT0
s1eak
91008 sjyuedonaed uonduwmnsuod adfy
1D %S6) MY paisnlpy S10)08] YSLI J0J Juaunsn(] J[naen o : d 3 £ -
(ID 9%56) MU PASUPY 1 oo } S AT 103 PV SIBIND 1 aqumy VAN €U T VIO £ T -aomom By Adruyig VANd €-u 01
©)
Ane :
o . S . . Usy Anej 600T Te 30
(IST-68°0) OT'T S sy ¥ Wy (P/BE9¥) 0 sns10A p/3¢9F e e (A1 < WM gy @w_u oy eA
(TT1-76°0) 901 8 feiut 2qeIdan pue 14 €I8¥C p/36°7> sns1A P/S 6HE< S Te30, 6 -6 adom eI PIE
9y Kyanoe [eorsAyd TNg 98y P sy [e10L 9 €9 q wC10T T8 39 [93ed
) ( 21008 ( syuedonred steaA
(ID %S6) A pasnipy Lend $10)0%J YSLI (Jg[, 10] Juounsn(py  arend) 10 Joquiny uondurnsuod ysig adfy ysig 3mmom By Lomuypyg ystg

"panunuo) (q)



International Journal of Endocrinology

were excluded based on our inclusion criteria and duplicated
reports. A further 12 studies were excluded with more specific
criteria, including cross-section, studies, case-control studies,
those without original data or with odds ratio only, those
with fatty acid levels in blood samples, those with outcomes
reported as glycated haemoglobin, and those with unknown
type of LC n-3 PUFA (Figure 1). The remaining 11 studies were
assessed in the current meta-analysis. 10 prospective studies
(549,955 participants at baseline) [12-18, 20-22] were used for
measuring the relationship between fish/seafood intake and
risk of T2D (Table 1). Six prospective studies [13-15, 18-20]
(346,710 participants at baseline) were selected for assessing
the association between marine LC n-3 PUFA intake and risk
of T2D quality (Table 1).

3.2. Fish/Seafood Intake and Risk of T2D. No significant
association between high fish/seafood intake and T2D inci-
dence was observed (pooled RR: 1.04; 95% CI: 0.890 to 1.20;
P = 0.63) (Figure 2). However, there was a significant study
heterogeneity (I> = 83%, P < 0.00001). Subgroup analysis
showed no clear sources of this high heterogeneity (ethnicity,
P = 0.18; follow-up years, P = 0.17; assessment of T2D,
P = 0.18; sample size, P = 0.51; study quality, P = 0.18,
MWU test) (Table 2). Two studies using Asian populations
showed a beneficial effect of fish/seafood intake on risk of
T2D (pooled RR = 0.87, P = 0.006), but six studies of
western populations demonstrated no significant effect of
fish/seafood intake on T2D risk (pooled RR = 1.10, P = 0.22).
Four studies with less than 10 years of follow-up showed a
protective effect of fish/seafood intake against development
of T2D (Pooled RR = 0.91, P = 0.11), while six studies
with more than 10 years of follow-up indicated an increased
risk of T2D with high fish/seafood intake (Pooled RR = 1.17,
P = 0.04). The high quality studies demonstrated a significant
protective effect of high fish/seafood intake on incidence of
T2D (pooled RR = 0.87, 95% CI: 0.78 to 0.96, P = 0.006),
while the moderate quality studies showed no obvious effect
of fish/seafood intake on risk of T2D (pooled RR = 1.10, 95%
CI: 0.95 to 1.04, P = 0.22). Egger’s regression test and funnel
plot showed no significant publication bias (Egger’s P >
0.05). Dose-response analysis for fish/seafood intake showed
no significant linear relationship between fish/seafood intake
and risk of T2D (R? = 0.11, P for regression = 0.076).

3.3. Fish Types Intake and Risk of T2D. We also conducted
meta-analysis of stratified samples based on fish/seafood
types (oily fish and lean fish, fish, and shellfish). We found
a significant protective effect of high oily fish intake on T2D
risk (pooled RR = 0.89, P = 0.005, 95% CI: 0.82 to 0.96,
103,949 participants), but lean fish intake had no significant
effect on T2D risk (pooled RR = 1.02, P = 0.66, 95% CI:
0.93 to 1.12) (Figure 3). In order to better understand the
effect of oily fish intake on risk of T2D, we also conducted
a dose-response analysis by linear regression (Figure 4). We
found that 80 g/day oily fish intake may reduce 20% risk of
T2D. Meanwhile, we observed no significant effect of high
consumption of fish (including oily fish and lean fish, fresh
or canned) (pooled RR =1.01, P = 0.89, 95% CI: 0.90 to 1.12)

Identified in databases (n = 178)

Excluded (n = 155)
Duplicates, excluded based on
selection criteria

| Retrieved from eligibility (n = 23) |

Excluded (n = 12)
Cross-sectional studies (n = 2)
Case-control studies (n = 1)

No data or odds ratio only (n = 3)

Fatty acids level in blood sample (1 = 3)
Outcome is glycated haemoglobin (n = 1)
Unknown type of LC n-3 PUFA (n = 2)

Used in meta-analysis (n = 11):
10 for total fish/seafood and
6 for marine LC n-3 PUFA

FIGURE I: Process of study selection.

or shellfish (pooled RR =1.03, P = 0.78, 95% CI: 0.83 to 1.29)
on incidence of T2D (Figure 5). Egger’s regression test and
funnel plot showed no significant publication bias (Egger’s
P > 0.05).

3.4. Marine LC n-3 PUFA Intake and Risk of T2D. The meta-
analysis showed no significant association between high
intake of marine LC n-3 PUFA (EPA and DHA) and incidence
of T2D (pooled RR = 1.08, 95% CI: 0.90, 1.30, P = 0.39)
(Figure 6). Significant heterogeneity (I* = 85%, P < 0.00001)
caused by ethnicity and follow-up years in the trend level
(P = 0.064, MWU test) could explain the inconsistency of the
results. In the subgroup analysis, two studies [13, 19] in Asian
populations with shorter follow-up time (<10 years) showed
reduced risk of T2D with high intake of marine LC n-3 PUFA
(pooled RR = 0.87, heterogeneity P = 0.42). Conversely,
four studies [14, 15, 18, 20] with western participants and
longer follow-up periods showed increased risk of T2D with
increased LC n-3 PUFA consumption (pooled RR = 1.27,
heterogeneity P = 0.7) (Table 2). Egger’s regression test and
funnel plot showed no significant publication bias (Egger’s
P > 0.05). Dose-response analysis for marine LC n-3 PUFA
studies showed no significant dose-response relationship
with the risk of T2D.

4. Discussion

4.1. Heterogeneity Exploration and Risk of Bias. Meta-analysis
allows us to increase the power of detecting associations
between exposures and outcomes by increasing sample size.
However, it may be complicated by study heterogeneity.
Our subgroup analysis showed no significant source for
the observed high heterogeneity between fish/seafood and
marine LC n-3 PUFA studies, but ethnicity may be partially
contributing to high heterogeneity. Two studies using Asian
populations [13, 19] reported protective effects of LC n-3
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Risk ratio Risk ratio
Study or subgroup IV, random, 95% CI IV, random, 95% CI
Djousse et al., 2011a [14] 1.41 [1.25, 1.59] —_—
Djousse et al., 2011b [20] 1.07 [0.35, 3.27] < »
Kaushik et al., 2009 [15] 1.22 [1.08, 1.38] —
Montonen et al., 2005 [22] 0.96 [0.71, 1.30] —_—
Nanri et al,, 2011 [12] 0.84 [0.62, 1.14] —_—
Patel et al., 2009 [16] 0.76 [0.59, 0.98] —_—
Patel et al., 2012 [21] 0.99 [0.86, 1.14] s
Schulze et al., 2003 [17] 1.04 [0.82, 1.32] I LA
van Woudenbergh, 2009 [18] 1.32 [1.02, 1.71] -
Villegas et al., 2011 [13] 0.87 [0.78, 0.97] —
Total (95% CI) 1.04 [0.90, 1.20] ?
Heterogeneity: 7° = 0.04; x> = 52.11, df = 9 (P < 0.00001); I* = 83% . . . . :
Test for overall effect: Z = 0.49 (P = 0.63) 0.5 0.7 1 L5 2
Favours normal Favours T2D

FIGURE 2: Forest plot of the meta-analysis for fish/seafood intake and incidence of type 2 diabetes.

PUFA intake on risk of T2D, while four studies using western
populations [14, 15, 18, 20] showed opposite results. This may
be related to differences in overall dietary patterns or genetic
background between eastern and western populations.

Studies of different quality showed variable results. Two
high quality studies [12, 13] showed a beneficial effect (RR
= 0.87) of fish/seafood intake on risk of T2D with signif-
icance (P = 0.006). But it cannot be excluded that the
beneficial effect of fish/seafood intake is related to ethnicity
or fish/seafood consumption range instead of study quality
because these two studies used Asian populations and had
higher fish/seafood consumption (>80 g/day). Meanwhile,
moderate quality fish/seafood studies yielded no significant
conclusions and pointed to a pooled RR of 1.15. Publication
bias (reporting bias) is unlikely because funnel plot and
Egger’s regression tests showed no significance, but other
nonrandom biases are possible because of the failure to adjust
some known T2D risk factors (e.g., physical activity, dietary
pattern, age, BMI, or family history of diabetes) or lack of
validation of the FFQ method.

For the association between marine LC n-3 PUFA intake
and risk of T2D, only one high quality study [13] showed a
beneficial effect of marine LC n-3 PUFA intake on risk of T2D,
while five studies with moderate quality showed a slightly
increased risk pooled effect with weak significance (P =
0.04). Funnel plot and Egger’s regression tests showed no
significant publication bias for marine LC n-3 PUFA studies.
However, there may be some nonrandom bias in moderate
quality studies, as some confounding factors (such as family
history of diabetes and dietary factors) were not well adjusted
when calculating the RR. In the study of [19], for example, the
RR may bias to risk because the vegetable/fruit intake (22.5
versus 14.3 g/100 kcal, highest versus lowest quartile) was not
adjusted.

Other possible sources of heterogeneity may include the
amount of fish consumed, fish types, and gender. Two studies
[12, 13] with more than 80 g/d of fish/seafood intake showed
reduced incidence of T2D. Among six studies with less than

80 g/d fish/seafood intake, five showed either no effect or
increased risk of T2D except for one study [16] that may be
biased by a nonstandard outcome measurement. The range of
EPA and DHA intake across studies may not explain the high
heterogeneity in the marine LC n-3 PUFA studies (Table 1).
Our dose-response analysis could reduce the bias caused
by different doses of fish/seafood or marine LC n-3 PUFA
intake set as the highest level within publications. The dose-
response analysis for the fish/seafood intake studies showed
a trend towards an inverse linear relationship between
fish/seafood intake and risk of T2D, supporting that the
range of fish/seafood intake may contribute to heterogeneity.
The method of preparing the fish and the amount and type
of fat added may also alter the effects of fish on glucose
metabolism. There is only one included cohort study [16]
that showed the effect of fried fish on risk of T2D (pooled
RR = 0.91, 95% CI: from 0.75 to 1.10), which makes it in
sufficient to conduct stratified meta-analysis according to
the method of fish preparation. Most included prospective
cohort studies used fish and seafood as exposure, which
include fish (oily and lean fish) and other seafood (shellfish,
octopus, and other fish products). This makes it difficult to
clarify their relationships with T2D because different types
of fish and seafood contain different ratios of nutrients and
different levels of contaminants. More studies will be required
to strengthen conclusions regarding the individual impact of
fish versus seafood on T2D risk.

4.2. Limitations. Publication bias is an important concern
with meta-analysis. Although we found no significant publi-
cation bias in the current meta-analysis using Egger’s test, the
results should still be considered with caution. The statistical
power for publication bias might be low because there are
only ten studies for fish/seafood and six studies for marine
n-3 PUFA in the meta-analysis. The likelihood of selection
bias and recall bias is low because of the design of prospective
studies, but the observational studies are limited because
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Risk ratio Risk ratio
Study or subgroup 1V, fixed, 95% CI 1V, fixed, 95% CI
5.13.1 Oily fish
Nanri et al., 2011 [12] 0.86 [0.71, 1.04] B
Patel et al., 2009 [16] 0.94 [0.78, 1.13] e
Patel et al., 2012 [21] 0.87 [0.78, 0.97] ——
Van Woudenbergh, 2009 [18] 0.99 [0.71, 1.38] E——
Subtotal (95% CI) 0.89 [0.82, 0.96] <o
Heterogeneity: x> = 1.01, df = 3 (P = 0.80); I* = 0%
Test for overall elect: Z = 2.84 (P = 0.005)
5.13.2 Lean fish
Nanri et al.,, 2011 [12] 1.04 [0.85, 1.27] —
Patel et al., 2009 [16] 0.87[0.73, 1.04] —
Patel et al., 2012 [21] 1.04 [0.88, 1.23] S —
Van Woudenbergh, 2009 [18] 1.30 [1.01, 1.67] —
Subtotal (95% CI) 1.02 [0.93,1.12] ’
Heterogeneity: y* = 6.79, df = 3 (P = 0.08); I” = 56%
Test for overall effect: Z = 0.37 (P = 0.71)
Total (95% CI) 0.94 [0.88, 1.00] ‘
Heterogeneity: y* = 12.31, df = 7 (P = 0.09); I* = 43% . . . .
Test for overall effect: Z = 1.92 (P = 0.06) 0.5 0.7 1 15 2
Test for subgroup differences: XZ =451,df=1(P=0.03); T 2= 77.8% Favours normal Favours T2D
FIGURE 3: Forest plot of the meta-analysis for oily fish and lean fish intake and incidence of type 2 diabetes.
L1 e which were significantly associated with reduced risk of T2D
(RR = 0.64 for EPA and DHA) in those with high plasma
s levels of EPA and DHA. However, three other studies showed
= no significant relationship between plasma/serum LC n-3
% 0. PUFA levels and risk of T2D [27-29].
e
2o
& 4.3. Potential Mechanism Underlying the Beneficial Effects of
<o Oily Fish Intake on Risk of T2D. Our current meta-analysis
showed significant beneficial effect of oily fish intake on
064, .- e — —_— —_ - risk of T2D, corresponding to previous clinical trial findings
0 20 40 60 80 100

Oily fish intake (gram per day)

95% CI
e Adjusted RR
—— Linear regression fitted values

FIGURE 4: Linear regression of adjusted RR of T2D versus oily
fish intake. The upper and lower bands denote the 95% confidence
interval on mean of the predicted value, R* = 0.40.

confounders were adjusted in different studies, making them
difficult to compare.

The method of dietary assessment may also affect the
results. FFQ is related to random and systematic errors [26],
which will underestimate the true associations between diet
and diseases. Nutritional biomarkers in plasma should be
monitored and will minimize this problem. One prospective
study [19] also measured plasma levels of EPA and DHA,

that fish intake was associated with reduced fasting glycemia
[30] and improved glucose tolerance [31]. One recent cross-
sectional study in a Spanish population also showed that the
high fish intake is related to low plasma level of glucose and
low incidence of diabetes [32]. But ours and other 5 meta-
analyses [33-37] showed no significant effects of fish intake
on risk of T2D, although two prospective cohort studies [12,
13] showed that the beneficial effects of fish/seafood intake on
risk of T2D, which used an Asian population, had high study
quality and had high range of amount of fish intake (>80 g/d,
highest versus lowest quartile). However high heterogeneity
for fish/seafood studies remains to be clarified before any
conclusions are to be made regarding the effects of high
fish/seafood intake.

As oily fish has high amount of LC n-3 PUFA (EPA
and DHA), we are wondering if EPA and DHA intake
may contribute to the beneficial effect of oily fish intake.
But ours and other 5 meta-analyses studies showed no
significant association between LC n-3 PUFA intake and T2D
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Study or subgroup Risk ratio Risk ratio
1V, random, 95% CI 1V, random, 95% CI

5.12.1 Fish
Kaushik et al., 2009 [15] 1.22 [1.08, 1.38] —
Montonen et al., 2005 [22] 0.96 [0.71, 1.30] — T
Nanri et al.,, 2011 [12] 0.91 [0.73,1.13] R
Patel et al., 2009 [16] 0.90 [0.79, 1.03] —
Patel et al., 2012 [21] 1.06 [0.92, 1.22] ——
Van Woudenbergh, 2009 [18] 1.16 [0.89, 1.51] - -
Villegas et al., 2011 [13] 0.90 [0.80, 1.01] —
Subtotal (95% CI) 1.01 [0.90, 1.12] <o
Heterogeneity: 7> = 0.01; y* = 18.38, df = 6 (P = 0.005); I* = 67%
Test for overall effect: Z = 0.14 (P = 0.89)
5.12.2 Shellfish
Patel et al., 2009 [16] 1.35[1.02, 1.79] L
Patel et al., 2012 [21] 1.05 [0.92, 1.20] —T
Villegas et al., 2011 [13] 0.85 [0.76, 0.95] —
Subtotal (95% CI) 1.03 [0.83, 1.29] -
Heterogeneity: ° = 0.03; x* = 11.99, df = 2 (P = 0.002); I* = 83%
Test for overall effect: Z = 0.28 (P = 0.78)

Total (95% CI)

1.01 [0.92, 1.11]

Heterogeneity: 72 = 0.02; x> = 31.32,df = 9 (P = 0.0003); I* = 71% T T T T T

Test for overall effect: Z = 0.21 (P = 0.83)

Test for subgroup differences:x* = 0.04, df = 1 (P = 0.85); I* = 0%

0.5 0.7 1 1.5 2

Favours normal Favours T2D

FIGURE 5: Forest plot of the meta-analysis for fish and shellfish intake and incidence of type 2 diabetes.

Study or subgroup Risk ratio

1V, random, 95% CI

Risk ratio
1V, random, 95% CI

Brostow et al., 2011 [19]
Djousse et al., 2011a [14]
Djousse et al., 2011b [20]
Kaushik et al., 2009 [15]

Van Woudenbergh, 2009 [18]
Villegas et al., 2011 [13]

Total (95% CI)

0.93 [0.77, 1.12]
1.45 [1.02, 2.06]
1.04 [0.67, 1.61]
1.24 [1.09, 1.41]
1.22[0.97, 1.53]
0.85 [0.76, 0.95]

1.08 [0.90, 1.30]

— .

_

Heterogeneity: 72 = 0.04; x> = 26.10, df = 5 (P < 0.0001); I* = 81% - - - . .

Test for overall effect: Z = 0.86 (P = 0.39)

0.5 0.7 1 1.5 2

Favours normal Favours T2D

FIGURE 6: Forest plot of the meta-analysis for LC n-3 PUFA intake and incidence of type 2 diabetes.

risk. This is corresponding to one randomized double-blind
placebo-controlled study which showed that fish oil has no
significant effect on improving glucose control and insulin
sensitivity in diabetic patients [38]. However, there are also
contaminations in fish which may disrupt insulin signaling
and glucose homeostasis, such as selenium and mercury
[39, 40]. In the current meta-analysis, only one study [18]
adjusted selenium level for RR and showed much lower RR
after adjustment when measuring the effects of EPA and DHA
intake. Nonetheless, there are other oily fish nutrients (such

as vitamin D and fish protein) that may contribute to the
beneficial effects of oily fish intake on T2D risk. Oily fish is
a major diet source of vitamin D, and several recent cohort
studies have demonstrated the protective effects of vitamin D
on T2D incidence in various populations [41, 42].

5. Conclusions

Our meta-analysis showed no significant effect of
fish/seafood or marine LC n-3 PUFA intake on risk of
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T2D. However high heterogeneity was found in the current
meta-analysis, which may include the bias from different
ethnicities, follow-up years, and amount of fish intake. In
addition, our stratified meta-analysis showed a significant
weak effect of oily fish intake on risk of T2D. Dose-response
analysis suggested that 80 g per day intake of oily fish may
reduce 20% risk of T2D. But no significant association
between EPA and DHA intake and risk of T2D was found,
suggesting that other nutrients from oily fish may contribute
to the beneficial effects of oily fish intake, such as vitamin D
and oily fish protein. However, more high quality prospective
cohort studies will be needed to support our conclusion for
beneficial effects of oily fish intake on T2D risk and to clarify
the association between fish/seafood intake and marine LC
n-3 PUFA intake and T2D incidence.
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