Diabetes Prevention: How Important s
Geographic Divergence Regarding the
Role of Fish Intake?

tions are founded on the assumption

that quality of research and findings
are largely reproducible (1). Prospective
cohort studies that have examined how
fish and omega-3 fatty acid intake are re-
lated to the risk of developing diabetes have
yielded inconsistent findings. This issue of
Diabetes Care includes articles from two re-
search teams that each conducted a meta-
analysis of fish intake and incident diabetes
(Table 1) (2,3). Independently both teams
found the same explanation for the lack of
consistent findings and no overall associa-
tion between fish intake and incident
diabetes. Separating the studies based
on geography yielded two distinctly op-
posing associations. Analysis of studies
conducted in Western countries (U.S.
and Europe) found that a higher intake
of fish was associated with a higher inci-
dence of diabetes, whereas analysis of stud-
ies conducted in Eastern countries (Asia
and Australia) found that eating more fish
was associated with a lower incidence of
diabetes (2,3).

These divergent associations raise a
number of questions regarding variables
that may account for the inconsistencies.
Considerations should be given to environ-
mental factors, e.g., wild versus farm raised,
mercury content, differences in preparation
methods, e.g., frying, and demographic and
health characteristic confounding or inter-
action. A recent study of restaurant food
intake and incident diabetes found the
relationship between fried fish and di-
abetes was attenuated by BMI (4). The
use of objective biomarkers for omega-3
fatty acid intake in the Cardiovascular
Health Study found that the incidence
of diabetes was lower with higher levels
of omega-3 biomarkers, also when ad-
justing for BMI (5). Environmental con-
taminants such as methyl mercury can
induce in vitro and in vivo pancreatic
B-cell dysfunction via oxidative stress
in a mouse model (6). Thus, fluctuating
environmental exposures and/or energy
densities may account for observed dif-
ferences in diabetes risk in geographic
populations.

E vidence-based health recommenda-

Both meta-analysis articles used the
term “fish” to refer to intake of fresh water,
ocean, and shell fish (2,3), but these items
may also be referred categorically as “sea-
food” as noted in current federal recom-
mendations. The 2010 Dietary Guidelines
for Americans definition of “seafood” in-
cludes fish, such as salmon, tuna, trout,
and tilapia, and shellfish, such as shrimp,
crab, and oysters. The Dietary Guidelines
suggest increasing seafood intake from the
current level of about 3.5 ounces per week
to about 8 ounces per week. This would
yield a weekly intake of approximately
1,750 mg of long-chain omega-3 fatty acids,
specifically from eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA).
Although the concentration of EPA and
DHA vary widely, the recommendation is
intended to achieve a daily average intake
of 250 mg based on evidence that 250 mg
of EPA+DHA is associated with reduced
cardiac deaths among individuals with
and without preexisting cardiovascular
disease (CVD). Recommendations from
the American Diabetes Association (ADA)
and the American Heart Association (AHA)
address the general cardiovascular benefits
focusing on two fish meals per week (partic-
ularly fatty fish) and omega-3 supplements
for treating hypertriglyceridemia (7-10).

The ADA 2008 nutrition recommen-
dations addressed potential benefits of
omega-3 fatty acid supplements in hyper-
triglyceridemia (10). Potential concerns in-
cluded an accompanying small rise in LDL
cholesterol that is likely to be offset by an
increase in HDL cholesterol. Glucose me-
tabolism was not found to be adversely af-
fected. ADA concluded, “Consumption of
omega-3 fatty acids from fish or from sup-
plements has been shown to reduce adverse
CVD outcomes, but the evidence for a-lino-
lenic acid is sparse and inconclusive. In ad-
dition to providing omega-3 fatty acids, fish
frequently displace high-saturated fat—con-
taining foods from the diet. Two or more
servings of fish per week (with the ex-
ception of commercially fried fish filets)
can be recommended” (10).

The ADA’s systematic review, “Mac-
ronutrients, Food Groups, and Eating

Patterns in the Management of Diabetes,”
published in February 2012 (7), focuses
on metabolic control and preventing CVD
complications. The review states: “Overall
it appears that supplementation with
omega-3 fatty acids does not improve
glycemic control but may have beneficial
effects on CVD risk biomarkers among
individuals with type 2 diabetes by re-
ducing [triglycerides] (in some but not
all studies). Other benefits (e.g., increas-
ing HDL cholesterol or decreasing LDL
cholesterol) are not clearly defined” (7).

AHA recommends use of a 2-4 ¢
EPA + DHA daily supplement with medi-
cal supervision for treating hypertriglycer-
idemia, noting an approximate 5-10%
reduction in triglycerides per gram of
EPA/DHA consumed. Although hypertri-
glyceridemia was noted to be associated
with insulin resistance and risk for devel-
oping diabetes, the recommendations do
not include using omega-3 fatty acids as a
diabetes prevention strategy (9). Analysis of
data from the Diabetes Prevention Program
(DPP) indicates that intake of fish was be-
low two servings per day before and after
receiving intensive lifestyle counseling (11).
However, Golub et al. (12) “hypothesize
that EPA and DHA supplementation ...
can contribute to the prevention and
reduction of obesity” by affecting the en-
docannabinoid and mesocorticolimbic
pathways and is a safe and inexpensive
population intervention that the Food
and Drug Administration deems as “gen-
erally recognized as safe” for dosage up to
3 g/day (12). Although Golub et al. ac-
knowledge the multifactorial causes of obe-
sity, their hypothesis seems to be based on
considering fish oils to be a “magic bullet”
public health solution (12). Aquaculture
and genetically modified fish are proposed
strategies to increase the availability of fish/
seafood and omega-3 fatty acid supple-
ments; yet more research is needed on the
safety and effects of these methods (13).
There has also been considerable effort to
provide pharmaceutical options for slowing
the progression to overt diabetes, noting
that thiazolidinediones “have been shown
to be as good, if not better, than lifestyle
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Table 1—Meta-analysis criteria and overview of findings reported by Xun and He (2) and by Wallin et al. (3)

Xun and He (2) Wallin et al. (3)

Selection criteria Fish intake and incident diabetes in prospective Fish and/or dietary long-chain omega-3 fatty intake and

cohort studies
Studies included in

incident diabetes in prospective cohort studies

the meta-analysis 12 independent cohorts (noted as 9 studies) 16 studies

Total number of study

participants (n) 438,214 527,441
Cohorts Fish < 1/ mo = 5 /wk Limited to (n) Each serving Each 030 g
included (n) quality studies* increment/wk ~ increment in
long-chain
omega-3/day
Relative risk (95% CI) for ~ Overall (12) 0.99 (0.85-1.16) Overall (11) 1.01 (0.99-1.03)  1.06 (0.97-1.14)
incident diabetes
Us. 4 1.04 (1.02-1.06)  1.14(1.07-1.21)
Western (9) 1.09 (0.94-1.27) European (3) 1.03 (0.96-1.11) 0.98 (0.70-1.37)
Eastern (3) 0.79 (0.66-0.96) Asian/Australian (4)  0.98 (0.97-1.00)  0.90 (0.81-1.00)
*Scoring and cutoff for quality established by authors.
intervention” (14). Weight loss, achieved by ~ recommendations for preventing diabetes Advisory Committee. ] Am Diet Assoc
reducing caloric intake and increasing remain caloric reduction, increasing phys- 2011;111:520-523

physical activity, and thiazolidinedione
therapy can reduce the risk of developing
diabetes by over 50%. Other proposed op-
tions for reducing the increasing preva-
lence of diabetes include bariatric surgery,
incretin-based therapies, and addressing
B-cell function using pharmagenomic ap-
proaches. The potential effect size of eat-
ing fish and of fish oil supplement is far
below the risk reduction potential of these
options. There is a need for research that
addresses the etiology of geographic di-
vergences related to cooking methods,
environmental exposures, and demo-
graphics in the association between fish
intake and risk of developing diabetes.
This research may also provide novel in-
sights into mechanisms associated with the
development of diabetes. Despite the
promise of pharmaceutical and surgical
solutions to the diabetes pandemic, such
solutions may accrue high costs and unin-
tended consequences.

How applicable are current nutrition
recommendations? The 2010 Dietary
Guidelines are consistent with earlier ADA
and AHA recommendations in advising
intake of 8 oz or two “fish/seafood” meals
per week to reduce cardiovascular risk, es-
pecially sudden death associated with myo-
cardial infarction. Recommendations with
regard to omega-3 fatty acid supplements
focus on medically supervised usage for the
treatment of hypertriglyceridemia. Since
adverse health effects are minimal, con-
tinuing with these recommendations
seems reasonable. However, the best lifestyle

ical activity, and promoting healthy food =~ 2 Xun P, He K. Fish consumption and in-
choices and cookery methods to achieve cidence of diabetes: a meta-analysis of
weight loss. In an era of soaring health care data from 438,000 individuals in 12 in-

. . dependent prospective cohorts with an
costs, we need to be mindful of quk_ﬁX average 11-year follow-up. Diabetes Care

solutions to the diabetes pandemic and 2012:35:930-938

consider broken systems associated with 3 ywallin A, Di Giuseppe D, Orsini N, Patel
increasing availability of energy-dense PS, Forouhi NG, Wolk A. Fish consump-
foods and low levels of physical activity. tion, dietary long-chain n-3 fatty acids, and

risk of type 2 diabetes: systemic review and
meta-analysis of prospective studies. Dia-
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