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Abstract Polyunsaturated fatty acids are of particular in-
terest in the nutritional therapy for diabetes, given their
potential role in several pathophysiological processes re-
lated to cardiovascular disease. Both omega-3 and omega-
6 fatty acids are beneficial for improving lipid profiles in
healthy individuals and among type 2 diabetic patients:
Supplementation with omega-3 fatty acids lowers trigly-
cerides and VLDL-cholesterol. However, they might also
increase LDL-cholesterol. Omega-3 fatty acids are, from
the latest evidence, not related to mortality and cardiovas-
cular disease. Similarly, glucose control and hypertension,
as well as risk of microvascular complications, seem unaffected
by omega-3 supplementation. Most studies involved mainly
patients with type 2 diabetes, and future research needs to focus
on the type 1 diabetic patient. Also, the role of omega-6 fatty
acids remains largely unknown.
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Introduction

The prevalence of type 2 diabetes (T2DM) is increasing
worldwide [1]. Diabetes increases the risk of cardiovascular
morbidity and mortality [2] through various abnormalities in
glucose, lipid, and lipoprotein metabolism, increased plate-
let aggregation, endothelial dysfunction, and increased risk
of cardiac arrhythmia. Diet can play a role in the prevention
of T2DM and is also a central component of therapy [3].
Polyunsaturated fatty acids (PUFAs) are of particular inter-
est, given their potential role in several pathophysiological
processes related to cardiovascular disease (CVD). Omega-
3 fatty acids (FAs) have received substantial attention, initi-
ated by the first studies done by Bang and Dyerberg in
Greenland. The two Danish researchers observed that the
Inuit diet was high in omega-3 FAs caused by a high intake
of traditional marine food [4]. The Inuit suffered mostly
from infectious diseases, and not from cardiovascular or
metabolic diseases, before the nutrition transition changed
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the disease pattern among these populations [5]. This led to
numerous studies among both healthy individuals and pa-
tient groups such as diabetic patients with related cardiovas-
cular risk factors, CVD, mortality, and other endpoints. For
patients with CVD, the American Heart Association recom-
mends 1 g of eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA) daily, preferably by consumption of oily
fish [6]. CVD patients are recommended to consume at least
5 %—10 % energy from omega-6 FAs.

Several omega-3 and omega-6 FAs can be elongated or
desaturated endogenously (Fig. 1). In humans, EPA and
DHA are synthesized from alfa-linoleic acid (ALA) or are
absorbed from the diet. Similarly, linoleic acid as the major
dietary omega-6 FA is a source for endogenous formation of
longer-chain and/or more unsaturated n-6 FAs. Our aim is to
review the evidence for the role of omega-3 FAs and omega-
6 FAs in relation to mortality and cardiovascular and micro-
vascular morbidity, as well as intermediate risk factors,
among patients with diabetes.

Method

A literature search was conducted in the PubMed database
using the key words “diabetes” in combination with the
various endpoints within mortality, CVD, microvascular
complication, and intermediate endpoint. This was com-
bined with a third search term, which included “fish oil,”
“PUFA,” “fatty acids,” “omega-3 fatty acid”/“n-3 fatty
acids,” and “omega-6/n-6 fatty acids.” After extraction of
literature from databases, we went through the reference
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Fig. 1 Shows the metabolic process pathway of omega-3 and omega-
6 fatty acids. 18:2 n-6 = linoleic acid; 18:3 n-6 = vy-linolenic acid;
20:3 n-6 = dihomo-¥-linolenic acid; 20:4 n-6 = arachidonic acid; 22:4
n-6 = adrenic acid; 24:4 n-6 = tetracosatetraenoic acid; 24:5 n-6 =
tetracosapentaenoic acid (all-cis-6,9,12,15,18-tetracosapentaenoic
acid); 22:5 n-6 = docosapentaenoic acid; 18:3 n-3 = «-linolenic acid;
18:4 n-3 = stearidonic acid; 20:4 n-3 = eicosatetraenoic acid; 20:5
n-3 = eicosapentaenoic acid; 22:5 n-3 = docosapentaenoic acid;
22:6 n-3 = docosahexanoic acid; 24:5 n-3 = tetracosapentaenoic
acid (all-cis-9,12,15,18,21-tetracosapentaenoic acid); 24:6 n-3 =
tetracosahexaenoic acid
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lists of reviews to further identify relevant studies. Our
aim was to limit the search from references published be-
tween 2000 and September 2012; however, papers pub-
lished before the year 2000 were also included if they
provided relevant information. Studies investigating the as-
sociation between omega-3 FA and omega-6 FA intake were
included if they were prospective studies being either ob-
servational (cohort studies) or trials, as well as systematic
reviews and meta-analyses of such studies. Only studies
among type 1 and/or type 2 diabetes patients were included.
All randomized controlled trials and meta-analyses included
in this review are shown in Table 1. The main outcomes and
risk factors are listed in Table 2 with a summary of evidence
and main association.

Mortality

A recent meta-analysis of 97 prospective studies with
820,900 individuals estimated that a 50-year-old person
with diabetes and with no history of vascular diseases, on
average, would die 6 years before a healthy counterpart.
Furthermore, the analysis found that fasting glucose above
100 mg per deciliter was associated with a higher risk of
death [2].

The Nurses” Health Study, a prospective cohort among
U.S. female nurses, examined the association between fish
intake and omega-3 FA and the risk of coronary heart
disease (CHD) and total mortality among women with di-
agnosed type 2 diabetes. For the analysis (based on data
from 1980 to 1996) 5,103 women (1,694 prevalent cases
and 3,409 incident cases) were included. Higher consumption
of omega-3 FA was associated with a lower total mortality
(quintile with highest consumption [average of 0.25 g/d]
compared with lowest: RR = .63 [95 % CI 0.45; 0.88], p for
trend = .02) [7]. As is the case for observational studies in
general, residual confounding cannot be excluded as an alter-
native explanation for the observed associations.

The GISSI Heart Failure study (Gruppo Italiano per lo
Studio della Sopravvivenza nell'Insufficienza Cardiaca)
(GISSI-HF study), a randomized double-blind, placebo-
controlled trial, investigated whether omega-3 FA could
improve morbidity and total mortality in patients with symp-
tomatic heart failure (HF) from any cause [8]. A daily dose
of 1 g of omega-3 FA (850-882 mg EPA and DHA as ethyl
esters in an average ratio of 1:1.2) was administered to
participants. In a subgroup analysis restricted to diabetes
patients (average of 3.9 years follow-up), omega-3 FAs were
effective in reducing all-cause mortality, as compared with
placebo (placebo was not defined) (hazard ratio [HR]: 0.89
[95%CI: 0.80-0.99]) [8]. The study had composite end-
points (all-cause mortality and hospitalization) and included
patients with type 1 and type 2 diabetes with preexisting HF,
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Table 2 Summary of evidence

Level of evidence  Source of evidence

for omega-6 FA

Level of evidence
for omega-3 FA

regarding the association Endpoint
between omega-3 FAs or

omega-6 FAs and main

outcomes and risk factors among ~ Mortality

patients with type 2 diabetes All-cause mortality

Cardiovascular disease
Cardiovascular disease incidence

Heart failure
Myocardial infarction

Stroke
Microvascular outcomes

Note. In assignment of the quality
of evidence, meta-analyses
ranged highest, followed by large
supplementation trials and, last,

. . Diabetic neuropath;
prospective cohort designs paty

1 Possible evidence Diabetic nephropathy

risk-enhancing

11 Probable evidence,
risk-enhancing

Retinopathy
Intermediate risk factors
Blood glucose

111 Convincing evidence, HbAlc

risk enhancing insulin

| possible evidence, Triglycerides
risk-reduction

i.l probabl.e evidence, LDL
risk-reduction

11| convincing evidence,

risk-reduction VLDL

o possible evidence,

no association HDL

oo Probable evidence,

no association Total cholesterol

ooo convincing evidence,

no association
Blood pressure

oo insufficient evidence
? no studies identified

oo ? 1 Prospective cohort study
3 RCT
l ? 1 Prospective study
2 RCT
o ? 1 RCT
2 prospective cohort
! ? 2 RCT
o ? 1 RCT
? 0 2 RCT
o ? 1 meta-analysis
? ? ?
00 O ? RCT
000 1 Meta-analysis
oo 1 Meta-analysis
Ll ? 1 Meta-analysis
3 RCT
) ? 1 meta-analysis
3 RCT
o ? 1 meta-analysis
1 RCT
000 ? 1 meta-analysis
2 RCT
oo ? 1 meta-analysis
3 RCT
oo ? 1 meta-analysis
1 RCT

which might make generalization difficult. In contrast, in a
subgroup of 1,014 patients with diabetes and myocardial
infarction (MI) from the OMEGA trial, 40 months of sup-
plementation with either EPA-DHA, or EPA-DHA plus
ALA (223 mg EPA, 149 mg DHA, and/or 1.9 g ALA) did
not reduce all-cause mortality (EPA-DHA HR: 0.80 [95 %
C10.47-1.34], p=.39; EPA-DHA plus ALA HR: 0.78 [95 %
CI 0.46-1.33], p=.37) [9-].

In the ORIGIN study, participants supplemented with
1 g/d omega-3 FA (465 mg EPA and 375 mg DHA) were
compared with those given olive oil (placebo). The ORIGIN
follow-up was, on average, 6.2 years. In accordance with the
OMEGA trial, the ORIGIN study showed no significant
effect of omega-3 FA supplementation on the risk of death
from any cause (HR: 0.98 [95 % CI; 0.89; 10.7], p=.63). In
addition, risk of death from cardiovascular causes, from
arrhythmia, from MI, or from stroke was unaffected [10°].

Thus, the three clinical trials provide conflicting evidence as
to whether patients with T2DM may benefit from supple-
mentation with long-chain omega-3 FAs in terms of reduced
total or cause-specific mortality. However, it is important to
note that the GISSI-HF study, as well as the OMEGA trial,
had a shorter follow-up. The participants in all three studies
were at high risk of CVD; the OMEGA and GISSI-HF
studies included patients with prior event of MI. The end-
point considered in GISSI-HF was a composite endpoint
combining total mortality with hospitalization. Thus, despite
the variation in the duration of supplementation, the content
of EPA+DHA, and the number of participants, the data from
the ORIGIN and OMEGA trials strongly suggest that there
are no benefits of omega-3 FA <1 g/d on mortality.
Nevertheless, as can be seen in the GISSI-HF study, it
cannot be ruled out that a larger dose of omega-3 FA
could influence mortality among high-risk patients with
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preexisting HF. We were not able to identify studies that
evaluated the relation of omega-3 and -6 PUFA and mortal-
ity among patients with type 1 diabetes.

Cardiovascular Disease

The majority of mortality and morbidity among T2DM
patients is caused by CVD. HF is the overall dominating
event [11]. The effect of omega-6 FA on CVD risk among
patients with diabetes is largely unknown. Among nondia-
betic individuals, higher intake of omega-6 FA is related to
decreased incidence of CHD according to a recent review
[12] that summarized the evidence from both intervention
studies (n=9) and prospective cohort studies (n=12).

The Nurses’ Health Study found that among women with
diabetes, a higher intake of long-chain omega-3 FAs was
associated with a lower CHD incidence if adjusted for
lifestyle and dietary confounders, although not statistically
significant (RR: .69, 95 % [CI: 0.47; 1.03], p for trend: .10
for comparison between the highest quintile [0.25 g/d] and
the lowest quintile [average 0.04 g/d] of intake) [7].
However, omega-3 FA supplementation showed no signifi-
cant effect on the rate of major cardiovascular events in the
ORIGIN trial (hazard ratio: 1.01 [95 % CI: 0.93; 1.10],
p=.81) [10°]. A stratified analysis in the ORIGIN study on
the effect of omega-3 FA supplementation further showed
that prior CV event (myocardial infarct, stroke or revascular-
ization procedures (cardiac, carotid, and peripheral) did not
change the results regarding new cardiovascular event (prior
event, 0.99 [0.86; —1.14]; no prior event, 0.95 [0.77; —1.17],
p for interaction .70). In the OMEGA trial, incident CVD
was decreased with EPA+DHA supplementation, as com-
pared with ALA supplementation or placebo (HR: 0.65
[95 % CI: 0.43; 0.97], p=.04) [13] in an analysis restricted
to diabetes patients. Further analysis showed that the rate of
fatal CHD was lower among diabetic patients supplemented
with EPA-DHA, as compared with placebo (fatal CHD HR:
0.51 [CI: 0.27-0.97], p=.04) [13].

HF is an inability of the heart to provide sufficient pump
action to distribute an adequate blood flow. Most often, HF
is caused by MI or cardiac arrest. Risk factors include
ischemic heart disease, smoking, obesity, hypertension,
and the presence of diabetes. Not many studies have evalu-
ated HF as a main outcome. An inverse association between
EPA-DHA intake and HF was observed in a diabetic sub-
group analysis in the Rotterdam study. The Rotterdam study
investigated HF risk over a follow-up of 11.4 years among
479 diabetes patients free from HF at baseline. The omega-3
FA was calculated from food intake assessed with a food
frequency questionnaire. The risk of HF was lower for the
group with the highest intake of EPA+DHA (>183 mg/d), as
compared with the lowest quartile (average <34 mg
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EPA+DHA/d), although this association was only border-
line significant (RR: 0.58 [95%CI: 0.32; 1.06], p=.08) [14].
In the GISSI-HF study, the risk of HF was similar in the
EPA-DHA group, as compared with the placebo group
(28 % vs. 28.6 %, p=.147). However, this analysis was
not restricted to diabetes patients [8]. The ORIGIN study
found no effect on HF incidence with omega-3 FA supple-
mentation (RR: 1.02 [95 % CI: 0.88-1.19]) [10¢].

MI is caused by inadequate blood supply and results in
muscle damage of the heart. Long clinical trials have shown
contradictory results: Patients with diabetes and preexisting
MI in the OMEGA trial with EPA, DHA, and ALA supple-
mentation were at lower risk of arrhythmia-related events, as
compared with placebo (HR: 0.16 [95 % CI 0.04-0.69],
p=.01). The supplementation with all three FAs also
reduced the composite endpoint ventricular arrhythmia-
related events and fatal MI (HR: 0.28 [95 % CI 0.11—
0.71], p=.007), but the lower risk for fatal MI alone
observed did not reach statistical significance (HR: 0.53
[95 % CI 0.15-1.81], p=.31) [9¢]. Similarly, supplemen-
tation with only EPA+DHA appeared also to reduce risk
of fatal MI, as compared with placebo (HR: 0.66 [95 %
CIL: 0.22; 2.07], p=.47).

The ORIGIN study found no effect of long-chain omega-
3 FA supplementation on risk of fatal and nonfatal MI [10¢]
(adjusted HR: 1.09 [95 % CI 0.93; 1.27], p=.28).There are
several differences between the OMEGA trial and the
ORIGIN trial [9¢, 10°]: Patients in the ORIGIN trial had
impaired glucose tolerance, increased fasting glucose, or
diabetes, with a considerable proportion without a prior
CVD event, whereas the subgroup analysis in the
OMEGA study involved patients with diagnosed diabetes
with prior MI. Hence, there is a large difference not only in
size of the study population, but also with regard to the level
of impaired glucose metabolism and CVD risk between the
studies. Furthermore, both studies differ to some extent in
the duration (ORIGIN 6.2 years, OMEGA 3.9 years) and in
terms of the intervention dose (ORIGIN: 1 g/d and
OMEGA: 372 mg/d EPA+DHA). Taken together, the data
provide evidence that omega-3 FAs do not protect patients
with diabetes or prediabetes against fatal MI in general;
however, in high-risk diabetes patients with a history of
MI, omega-3 FAs might have beneficial effects.

A stroke is a loss of or a disturbance in blood supply to
the brain, causing decreased or ended brain function, and
can cause permanent neurological damage, complications,
and death. High blood pressure is the most important
lifestyle-related risk factor. The only trial on omega-3 FA
supplementation among T2DM patients, the ORIGIN trial,
showed no significant difference in fatal and nonfatal stoke
incidence by supplementation with 1 g/day of omega-3 FA,
as compared with placebo (olive oil) (adjusted HR: 0.92
[0.79; 1.08], p=.32) [10¢]. Results from the GISSI-HF trial
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based on analyses among patients with and without diabe-
tes also support the conclusion that omega-3 FAs do not
prevent stroke (adjusted HR: 1.16 [95 % CI: 0.89; 1.51],
p=.271) [8].

Microvascular Complications
Diabetic Neuropathy

Neuropathy is a common complication of diabetes and
increases the risk for other complications, including ampu-
tations and food ulcers. Poorer glycemic control, height, and
age are factors assumed to increase the risk of neuropathy
[15, 16]. Neuropathy is characterized by loss of sensory
nerve function, although all nerves, including autonomic
nerves, may be damaged [17]. Loss of pain sensation and
loss of normal control of skin circulation (required for heal-
ing) lead to skin damage and ulceration [17]. Nerve func-
tion, conduction velocity and action potential amplitudes,
sensory functions, muscle strength, and reflexes were
parameters assessed after administration of gamma-
linolenic acid (GLA), an omega-6 FA, in two randomized
placebo-controlled trials among diabetic patients [18, 19]. In
the study by Jamal et al., 22 patients with either T1D or
T2DM diabetes received a daily dose of 360 mg GLA
(evening primrose oil) or placebo (indistinguishable) capsu-
les for 6 months, and improvements in all the parameters
listed above were observed in the GLA group [18]. The
study by Keen et al. included 111 patients from seven study
centers [19]. The dose of GLA was 480 mg for 12 months,
and the patients were evaluated at baseline and at 3, 6, and
12 months. In accordance with Jamal et al., Keen et al. also
observed favorable changes in response to GLA, as com-
pared with a placebo group (liquid paraffin). We were not
able to identify studies on omega-3 FA and diabetic
neuropathy.

Diabetic Nephropathy

According to the American Diabetes Association, diabetes
is the most common single cause of end-stage renal disease
in Europe and the U.S. Both patients with T2DM and
patients with T1D are at risk of nephropathy [20]. In addi-
tion, the manifestation of nephropathy is a marker of greatly
increased cardiovascular morbidity and mortality for
patients with TIDM or T2DM. Risk factors for nephropathy
include elevated levels of plasma total cholesterol, high
blood pressure, hyperglycemia, high BMI, low levels of
HDL-cholesterol, high levels of LDL-cholesterol, smoking,
a low socioeconomic status, and male sex [21]. Diabetic
nephropathy refers to any deleterious effect on kidney struc-
ture and/or function caused by T2DM [22]. Furthermore,

nephropathy is defined as a progressive decline in glomer-
ular filtration rate (GFR) in the context of long-standing
diabetes, usually accompanied by nephrotic-range protein-
uria and other end-organ complications, such as retinopathy
[23]. Later, the progressive renal function declines, charac-
terized by decreased GFR, and may result in clinical renal
insufficiency and end-stage renal disease. In this way,
microalbuminuria (urinary albumin excretion >30 mg/
24 h-299 mg/24 h) is a symptom of progression toward
renal disease.

Whether omega-3 FAs could prevent increased albumin-
uria is still debated [24]. A meta-analysis evaluated the
effect of omega-3 FA supplementation on proteinuria and
GFR [25]. In all trials, long-chain omega-3 FAs were sup-
plemented to patients with progressive kidney disease with a
single causative disorder (IgA nephropathy, diabetes, or
lupus nephritis). Time periods differed from 6 weeks to
12 months, and the number of participants varied from 18
to 45. The pooled effect size among diabetes patients
(Cohen’s d and 95 % CI) was calculated for differences in
proteinuria or GFR between the omega-3 FA supplementa-
tion and control groups. Proteinuria was nonsignificantly
reduced (Cohn’s d: —0.21 [95%CI: —0.46; 0.04], p=.10),
and the GFR (based on three studies) was similar between
groups (Cohn’s d: —0.02 [95%CI: —0.42; 0.38]). It should be
noted that the assessment of proteinuria and GFR differed
between the studies, which might complicate the pooling of
study results. Still, the available evidence from these studies
suggests that omega-3 FA supplementation has no effect on
renal function in diabetes patients with existing kidney
disease. Whether omega-3 FAs prevent the development of
nephropathy among diabetes patients with normal kidney
function has not been investigated so far.

Intermediate Risk Factors
Blood Glucose Control

Whether omega-3 FAs affect blood glucose control among
diabetes patients has been investigated in several random-
ized trials. A meta-analysis of studies published up to 2008
showed no effect of omega-3 supplementation on plasma
glucose or HbAlc [26¢]. Similarly, a recent double-blinded
placebo (olive oil) controlled trial with 12-weeks duration
among 97 T2DM patients without prior CVD found no
significant effect of supplementation with 4 g fish oil/d on
fasting plasma glucose [27].

Blood Lipids

Dyslipidemia is one of the strongest risk factors for the
development of cardiovascular disease among patients with
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type 2 diabetes. Whether omega-6 FAs are related to dysli-
pidemia among patients with diabetes has not been investi-
gated in detail. However, trials among healthy individuals
strongly support the conclusion that replacing saturated fat
with PUFA (largely omega-6 FA) lowers total cholesterol
and LDL-cholesterol and leads to a reduction of the total
cholesterol:HDL-cholesterol ratio [12].

The effects of omega-3 FAs on blood lipids among dia-
betes patients have been evaluated in a number of random-
ized trials, summarized recently in a meta-analysis (studies
published until 2008) [26¢]. The average dose of omega-3
FA was 2.4 g/d, and average duration 24 weeks. As com-
pared with placebo, omega-3 supplementation resulted in a
significant decrease in TG (—0.17 mmol/L [95 % CI: —0.23;
—0.11], p<.00001), a nonsignificant decrease in VLDL-
cholesterol (supplementation vs. controls: 0.02 mmol
[95 % CI —0.06; 0.02], p=.43), and a significant increase
in LDL-cholesterol (supplementation vs. control: 0.08 mmol/
L [95 % CI 0.02; 0.13], p=.006).

A few trials have been published after the meta-analysis
by Hartwig et al. Wong et al. showed, in a study with 97
T2DM patients without prior CVD, decreased TG after 12-
weeks supplementation with omega-3 FA (4 g/d), as com-
pared with olive oil (4 g/d) (treatment effect —0.47 mmol/L
[95 % CI —0.71;0.23], p<.001) but no significant effects on
LDL-cholesterol or total cholesterol [27]. Long-term sup-
plementation with omega-3 FA reduced TG (difference be-
tween intervention and controls: 0.16 mmol/L, p<.001) but
had no effects on LDL-cholesterol or total cholesterol in the
ORIGIN trial [10e]. Thus, while the TG-lowering effect of
omega-3 FA appears to be convincing, it cannot be ruled out
that higher doses lead to undesired increases of LDL-
cholesterol among patients with diabetes.

Regarding HDL-cholesterol, the results are more consis-
tent and show, overall, no effect of omega-3 supplementa-
tion [10e, 26¢].

Blood Pressure

While it is generally believed that PUFAs, including omega-
6 FAs, are beneficial in relation to blood pressure [12], trials
on omega-3 supplementation largely indicate no effect.
Hartweg et al. found, in their meta-analysis of randomized
trials, no effect of omega-3 FA supplementation on systolic
blood pressure (effect size: —0.78 mm Hg [95 % CI: —2.74;
1.19], p=.44) or diastolic blood pressure (effect size:
—0.79 mm Hg [95 % CI: —1.96; 0.37], p=.18) [26°].
Similarly, in the ORIGIN trial [10°], after a median
follow-up of 6.2 years, there was no significant difference
between the omega-3 intervention group and the control
group in either systolic blood pressure (mean change during
intervention period: —4.37 vs. —4.51 mm Hg, p=.75) or
diastolic blood pressure (—4.93 vs. —4.96 mm Hg, p=.91).

@ Springer

Carotid Intima-Media Thickness

Carotid intima-media thickness (IMT) is a surrogate marker
of atherosclerosis and is a strong predictor of future cardio-
vascular events. It is a measurement of the thickness of
tunica intima and tunica media, two layers of the arterial
wall. Systolic blood pressure has been shown to be associ-
ated with severe carotid intima-media thickening [28]. IMT
is also higher in individuals with diabetes, as compared with
the healthy controls (0.13 [95 % CI: 0.12—0.14] mm) [29].
Only one trial has investigated omega-3 FA intake among
diabetes patients in relation to IMT. Supplementation with
1,800 mg EPA/d significantly decreased average IMT
(mean IMT EPA treatment: —0.029+-0.112 mm vs.
control: 0.016+-0.109, p=.029 ) and max IMT (max IMT
EPA treatment: —0.084+—0.113 mm vs. control: —0.005+
0.108 mm, p=.0008) over 2.1 years in this study conducted
in Japan [30].

Platelet Function and Inflammation

According to a meta-analysis of randomized trials [26¢],
several markers related to platelet aggregation are affected
by supplementation with long-chain omega-3 FAs. On the
basis of two studies with a total of 64 participants with type
2 diabetes, omega-3 FA supplementation (average dose
2.4 g/d) decreases platelet aggregation to ADP (weighted
mean difference: —10.30 %,p=.02) and to collagen
(—10.55 %, p<.00001). Also, plasma fibrinogen is reduced
by omega-3 supplementation (—0.96 umol/L, p=.02). In the
same meta-analysis, no effect on either C-reactive protein
(CRP), tumor necrosis factor-alpha (TNF-«), or interleukin-
6 (IL-6) was observed [26¢]. In a more recent randomized,
double-blind, placebo-controlled trial conducted among 84
subjects with T2DM (diabetes for at least 2 years), supple-
mentation with omega-3 FA (EPA 1,548 mg; DHA 828 mg;
other omega-3 FAs 338 mg/d) reduced TNF-a ( p=.002)
and IL-2 (p=.0001), as compared with placebo (sunflower
oil 2,100 mg/d), during the 8 weeks of intervention. No
significant effect on serum-CRP was detected [31].

Conclusions

For many patients with type 2 diabetes, dietary modification
is a common component of advice given by health practi-
tioners. The potential benefit of PUFA has been investigated
intensively, but almost exclusively in regard to long-chain
omega-3 FAs (Table 2). Dyslipidemia, as one of the main
CVD risk factors frequently present in diabetes, is a major
target for nutrition therapy. Dyslipidemia in diabetes is
characterized by low HDL-cholesterol and high triglyceride
levels and higher concentrations of atherogenic lipoprotein
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molecules, the latter frequently not detectable by elevated
LDL-cholesterol. It is very evident that omega-3 FAs can
decrease triglycerides with virtually no effect on HDL-
cholesterol in patients with diabetes. From this perspective,
a supplementation with omega-3 FA might have benefits.
Still, although evidence for increases in LDL-cholesterol
with omega-3 supplementation is contradictive, it cannot
be ruled out that such an undesired effect is present partic-
ularly at high doses of supplementation. Whether the
triglyceride-lowering effect is beneficial among diabetes
patients is questionable. While triglycerides are not directly
atherogenic, they are associated with atherogenic remnant
particles derived from chylomicrons and VLDL. However,
supplementation with omega-3 FAs in diabetes patients
seems not to affect the relative proportion of small-dense
LDL [26°]. Omega-3 FAs appear to have no effect on other
major risk factors for CVD, such as blood pressure, blood
glucose and HbA lc, or insulin levels. Evidence for carotid
IMT, platelet function, and inflammatory markers was in-
sufficient to draw firm conclusions.

For the major cardiovascular outcomes, the recent evi-
dence indicates that MI might be affected by omega-3 FAs.
However, effects could differ between patient groups
according to the level of cardiovascular risk. The evidence
from prospective studies is heterogeneous in regard to size
of study populations, follow-up duration, and dose of sup-
plementation. The most striking difference between the
studies, however, is the difference in cardiovascular history.
The latter point makes it difficult to clearly conclude bene-
fits of supplementation for diabetic patients in general.
Nevertheless, it seems that high-risk patients with former
MI could benefit in relation to reinfarction.

Microvascular complications have largely not been
studied so far. There is suggestive evidence that omega-3
FAs do not improve kidney function among patients with
kidney disease; however, the role of either omega-3 or
omega-6 FAs for the prevention of nephropathy in diabetes
patients remains unclear. Diabetic neuropathy has been con-
sidered only in terms of the benefits of supplementing
omega-6 FAs, while we were not able to identify studies
on diabetic retinopathy. Nonetheless, given that omega-3
FAs are unlikely to affect blood glucose control and blood
pressure, it seems also unlikely that they have a profound
effect on risk of microvascular complications.

Furthermore, future supplementation studies, no matter
the outcome, should carefully consider appropriate study
power, duration of supplementation, and dosage of omega-
3 FA or omega-6 FA supplementation. Some studies have
had very small study populations, which limits the power of
the studies.

The literature is dominated by studies on omega-3 FAs,
providing very little evidence for omega-6 FAs. Omega-6
FAs have not been systematically studied among type 2

diabetes patients, except for a few studies evaluating GLA,
which is not a typical dietary FA. However, among healthy
subjects, omega-6 FAs are beneficial in relation to LDL- and
total cholesterol, especially when substituted for carbohy-
drates or saturated fat. Considering that omega-6 Fas are
considered to be proinflammatory, these Fas should be fur-
ther investigated. Furthermore, research is underrepresented
regarding patients with type 1 diabetes. While diabetes
patients most likely benefit from substitution of saturated
fat by PUFA in their diet in terms of a less atherogenic lipid
profile and lower CVD risk, a supplementation with omega-
3 FAs might be relevant only for sub/groups of patients with
preexisting CVD events.
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